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INTRODUCTION

This dissertation examines aspects of cognitiahogs. Cognition, broadly
defined, refers to ways in which animals retaimgess, and act on information taken in
through the senses (Shettleworth 2001; Dukas 28@d)jncludes processes such as
perception, learning, memory, and problem solvBych processes play an important
role in how animals make decisions in dealing whtkir physical and social
environments (Shettleworth 2001). A special subebgnition referred to as social
cognition deals specifically with a wide range o€isl phenomena. Examples include
cooperation in food retrieval (Hare et al. 200 0pperation and competition during play
(Bauer & Smuts 2007), recognition and categoriratibconspecifics (Dittrich 1990),
the development and maintenance of social reldtipegde Waal 1991), deception in
food storage (Dally et al. 2005; Leaver et at. J0RAowing about what other
conspecifics can and cannot see (Hare et al. 200igar (Santos et al. 2006),
understanding of third-party relationships (Englale2005), and individual recognition
(Seyfarth et al. 2005; Holekamp et at. 2007).

In recent times, scientific interest in animal eibign has exploded, but this was
not always the case. In the 1600’s Rene Descamesof the most influential Western
philosophers of the past few centuries, built arand long-lasting divide between

human beings and other species. According to Des;danguage and the consciousness



and mental processes that they engendered werealypiguman attributes. He wrote that
not only “do the beasts have less reason than butrthey have no reason at all”
(Descartes 1637, p. 45). To Descartes, animals werenscious automata—biological
robots with no capacity for thought or feeling.

In the mid-nineteenth century, Darwinian evolutiontheory and the notion of a
continuum among organic life, including mental @eses, began to slowly erode the
barrier that had been set up between humans aerdlotimg beings. In th®escent of
Man, Darwin (1871, p. 494) wrote that “...the differennenind between man and the
higher animals, great as it is, certainly is oné@jree and not of kind.” Darwin
emphasized the comparative method and examinethsims and differences among
species to gain an understanding of evolutiondatiomships.

The comparative method is especially importanhenstudy of animal cognition
because it allows us to compare cognitive abiléie®ss a variety of taxonomic groups
and gain insight into the selective forces resgaador specific behavioral traits. Studies
of cognitive processes in non-human species haueséa on primates, but recent
research has revealed that other species, includovgs (Emery & Clayton 2004),
parrots (Pepperberg 2006), and dolphins (Mercadb é998) also have highly
developed cognitive skills.

The social complexity hypothesis predicts thatremis living in highly social
environments may have evolved special cognitivegssing abilities to address the
complexities associated with group living (Byrné/&hiten 1988; Bond et al. 2003;
Emery et al. 2007). Primates, dolphins, and a taadkbird species live in demanding

social environments, but so do many of the so@atigores. However, with the possible



exception of spotted hyenas (Holekamp & Smale 189@h et al. 2005), very little is
known about the cognitive abilities of social cames (e.g., lions, wolves, and domestic
dogs).

Why study cognition in domestic dogs? Both geradifjcand behaviorally the
domestic dog is very similar to its direct wild astor the gray wolfGanis lupus.
Domestication is believed to have occurred betwieeB00 (Olsen 1985) and 100,000
years ago (Vila et al. 1997; Savolainen et al. 200@lecular genetic analyses by Robert
Wayne and his associates at UCLA suggest that al@gsssentially domesticated wolves
with only minor genetic modifications that affe@wdlopmental rates and timing (Wayne
1993). Wolves are highly social animals. They livenultigenerational family units;
they have a fairly long developmental period betmeeoming independent; group
members recognize each other individually; andviddials cooperate as well as compete
for access to limited resources. Dogs share at 8 of all behaviors reported for
wolves (with breed variations), including similday signals, greeting rituals, and body
postures and facial expressions used to signalrdome and appeasement (Schenkel
1967; Abrantes 1997; Smuts et al. in preparatiddjlitionally, the dog presents us with
an exceptional and unusual opportunity to studyalign in a domestic animal whose
direct ancestor still exists in the wild, in corstréo some other domesticated animals,
such as horses and cattle.

The current research trend is to use the doméstjas a model in which to study
human social and cognitive evolution (MiklGsi et2004; Hare & Tomasello 2005).
Dogs are especially well-suited for this purposedose having evolved in close

association with human groups, they underwent setetor functionally similar social



skills (Miklosi et al. 2007). These skills may bema flexible and “human-like” than
those of some species more closely related phykigeatly to humans (e.g.,
chimpanzees, bonobos) (Hare & Tomasello 2005)ekample, dogs (including puppies)
are inherently more skilled than chimpanzees (aoldeg) at using human
communicative gestures (e.g., pointing and gadevfihg) to find hidden food (MiklGsi

et al. 1998; Hare et al. 2002). Such findings sagtiet dogs’ social skills represent a
case of convergent evolution with humans. The apeirh social communication between
dogs and humans has led some researchers to ptbpbsee behavior of domestic dogs
may provide insight into the social behavior oflg&iominids, including attachment,
social learning, rule following, and informationasing—behaviors that may have
formed the basis of later complex interactions (¥s2000; Miklési et al. 2007).

Looking to dog behavior in order to understand hiifferent selective pressures
influence cognition has at least one problem. Tireent research emphasis has been on
human-dog interactions with very little effort dited towards understanding how dogs
interact with one another. If we are going to usggsito help us understand social and
cognitive evolution then we need to learn more aloeir cognitive abilities in general
(see Chapter One) and the development and patibdugy-to-dog social interactions
more specifically (e.g., social cognition) (see fiea’s Two and Three). Much of what
has been written about dog behavior comes fronpdipelar literature and lacks firm
empirical support. Information on the cognitivelaigis of dogs, including the
development of behaviors in the social-conspeddimain, will provide important data

for comparing the evolution of traits both withindaacross phylogenetic groups. Dogs



are ideal subjects for such comparative work bexatitheir prevalence, and their
adaptation to living with humans makes them esfig@asy to study.

In Chapter One, we examine the performance of dbgsantity-judgment tasks.
Research in this area compares numerical abibfiesimals across a large variety of
species and attempts to understand the mechanrsheslying such abilities. For
example, do animals represent number or quantagtbx or do they use an
approximation? Apes such as chimpanzees and omargyappear to represent number or
guantity approximately (Dooley & Gill 1977; Call @0), while humans appear to
represent small numbers (< 3 or 4) exactly ancelangmbers approximately (Xu &
Spelke 2000; Feigenson et al. 2002). Most resaartths area has traditionally used
primates. Expanding the scope of comparative westohd primate species will allow us
to draw inferences about the circumstances setgfiindifferent kinds of numerical
competence.

Chimpanzees and orangutans possess a sophisticatetler’'s sense”. Both can
form mental representations of quantity and cantallgrcombine quantities together to
make optimal foraging decisions (Call 2000; Ber@A4). Having a sense of quantity or
number can also benefit animals in other ways—tarngle, by knowing which
environments have the most members of the oppssitémating opportunities) or the
least number of predators. During the formatiooaxlitions, when two or more
individuals can vanquish a single individual oagge group has an advantage over a
small group, individuals who are able to keep traCkhumber, even in a relative sense,
will have a competitive advantage. Coalitions ageeially relevant in wolf society

where rank reversals can result (Zimen 1981).



Studies examining numerical abilities in the dog ianportant to understanding
cognitive abilities in domestic animals. In neaallspecies of domestic animals, the
brain-size to body-size ratio is smaller than ihishe wild progenitors. This finding has
led some researchers to suggest that the processmastication reduced selection for
complex cognitive skills in dogs (Frank & Frank B98985). Research on the ability of
dogs to judge quantities under a variety of condgiwill elucidate whether or not a
domesticated animal can demonstrate advanced reahahilities, and it will allow us to
compare the results for dogs with other non-doroat&d species that show complex
cognitive abilities (e.g., chimpanzees and oranggjta

In Chapter One, we replicate a study (with someifitadions) originally
conducted on captive orangutans (Call 2000) deditméest their ability at various
guantity-judgment tasks. Specifically, we examime perceptual and cognitive abilities
of domestic dogs to choose the larger versus snpllntity of food in two experiments.
In experiment 1, we investigated the ability ofdys to discriminate between two
guantities of food presented in eight different bamations. We presented the choices
simultaneously, and they were visually availabléh® subjects at the time of choice. In
experiment 2, we tested two dogs from experimamtder three conditions. In condition
1, we used similar methods from experiment 1 astbtbethe dogs multiple times on the
eight combinations from experiment 1 plus one aolgiiti combination. In conditions 2
and 3, the food was visually unavailable to thgesxttb at the time of choice, but in
condition 2, food choices were viewed simultanepbsifore being made visually
unavailable, and in condition 3, they were viewedcgssively. In these last two

conditions, and especially in condition 3, the dbgd to keep track of quantities



mentally in order to choose optimally. If dogs jpenh better as the distance between
guantities increases, this would suggest that dikgssome species of apes (see above),
use an approximate mechanism of number or quamefiyesentation rather than represent
number exactly.

In Chapter’'s Two and Three, we turn our attentmodgnition in the social
domain and examine the development of social melahips among littermates of
domestic dogs. Our findings are based on videoddtected from four litters comprised
of various breeds and breed mixes. Data collecicmurred when the puppies were
between 3 and 40 weeks of age, but collection twaeigd by litter.

Why study thedevelopmentf social behavior? A complete understanding of a
behavior involves taking four perspectives, onabich is developmental (Tinbergen
1963). The other three include causation, adaptasiod phylogeny. Addressing
guestions related to the ontogeny of social inteags critical to understanding and
evaluating adult social behavior (Bekoff 1972), andievelopmental approach will also
suggest functional explanations for social behavafyserved in adults (Tinbergen 1951).

In young domestic dogs virtually all intraspectiocial interactions occur in the
context of play, so we used play as a vehicle irclwto understand the development of
social relationships. Social play is especiallgvait to the study of social cognition
because it involves unpredictable movement patt@ndssequences of behaviors that
often change quickly. As a result, partners mysidig assess and reassess their partner’s
intentions in order for play to continue (Bekoffa® Spinka et al. 2001). Additionally
play offers a balance between cooperation and cotigpe(Bauer & Smuts 2007).

Animals must agree on certain ground rules (engipited biting) in order for play to



occur, and through play, animals can practice agigribehaviors that can be used outside
of play in a more serious context (Bekoff 1998, &#k. Allen 1999).

In Chapter Two, we focus on dyadic play and loothatformation of play
partner preferences, diversity in choice of plagtiers, and the stability of play-partner
preferences across time. To our knowledge, onlyodher study has examined the
development of individual play partner prefereniceany mammal (Thompson 1996,
1998), and our study is the first to describe amangjfy it in any canid species. We
measured offense (e.g., chasing, forcing a pattnére ground, etc.) and self-
handicapping (e.g., voluntarily placing onesel&idisadvantaged or compromised
position) behaviors during play, and we examindaktianships between play initiations,
offense behaviors, self-handicapping, and playadigg and how these relationships
varied by sex. We also determined whether playaoméd to 50-50 symmetry of roles
between partners, which some researchers claigcisssary to sustain play (Aldis 1975;
Pellis & Pellis 1998). Lastly, we examined contigun the development of individual
play behaviors (e.g., chasing, mounting, biting ahaking, etc.) across litters and time
periods. For example, do individual play behavehtew up at approximately the same
time during development across different littergarelless of breed or variety?

In 1999 Bekoff wrote that “There are very few dttat are concerned with self-
handicapping ... in play.” This is still true todagith the exception of one other study
on adult domestic dogs (Bauer & Smuts 2007), thibe only study in dogs that
examined self-handicapping in play and the fingtlgtto examine the behavior among
littermates. Results from Chapter Two allow usdmpare our findings in puppies with

similar data obtained on adult domestic dogs (sad& Wy Bauer & Smuts 2007). Such a



longitudinal comparison can shed light on the dewedent, maintenance, and possible
function of self-handicapping and other play bebexie.g., offense behaviors and play
signaling) in a domestic species over the lifespan.

In Chapter Three we study triadic interactions enadrole of third-party
interventions in dyadic play between littermateslomestic dogs. Third-party
interventions occur when an animal becomes invoilmexh ongoing aggressive or
competitive encounter between conspecifics; sonestithe one intervening takes sides
by supporting one party or the other (de Waal &ddart 1992). Interventions also occur
in other contexts besides aggression, such asgisoicial grooming, sexual contact, and
play (Schilder 1990; Keil & Sambraus 1998); howeweost of the research has focused
on interventions in competitive encounters. Triadteractions are especially important
to the study of animal cognition because attenttrnfpe behavior of two conspecifics
rather than one significantly increases the complef the encounter, making it more
cognitively demanding (Whiten & Bryne 1988).

Most of the research on interventions has beenwad on primates, starting in
the 1950’s (Kawai 1958; Kummer 1957) and continwipghrough the current day
(Cheney 1977; Silk 1992; Roeder et al. 2002; vamatkcet al. 2004; Range 2006; Schino
et al. 2007). Intervention behavior has also béediesd, but to a lesser extent, in species
other than primates such as dolphins (Connor &1982), zebras (Schilder 1990), and
goats (Keil & Sambraus 1998).

With the exceptions of spotted hyenas (Zabel €1992; Engh et al. 2000) and
African wild dogs (de Villiers et al. 2003), theudy of intervention behavior in social

carnivores is sorely lacking. There is almost rforimation on the specifics of



intervention behavior in wolves; however, thedittlata that do exist suggest that
interventions are an important component of wotfisty. For example, wolves may use
interventions to secure mating opportunities (Detial. 1993), develop alliances with
pack members (Zimen 1975), and also to restructunie relationships (Zimen 1981).

Why study intervention behavior in domestic dogsicMof the previous
research on intervention behavior has focused @nihierventions influence rank
relations among female primates, but very littleadaxist on the development of
intervention behavior in juvenile animals in angesies (Prud’homme & Chapais 1996).
Our research addresses this gap by examining a¢hat interventions play in the
development of social relationships among domektg:littermates.

We examined interventions during play as opposexttoal fighting because we
never observed fights within our litters. Playhsught to provide competitive training
for puppies because they are able to practice dftehse and defense behaviors, and
many of the behaviors used during play are also daeng real fighting in adults (e.g.,
biting, jumping on top of another). However, inyplaehaviors are often handicapped
(e.g., not biting too hard), and movements arengftienctuated with play signals to help
maintain a play mood.

In Chapter Three, we examine whether intervenersranre likely to join the
winner (e.g., the dog directing offense behavialsy called “winner support”) or the
loser (e.g., the dog receiving offense behavidss, ealled “loser support”) of an ongoing
dyadic encounter. This area of research has retemesiderable attention in the non-
human intervention literature. In most cases, w@pers support the winner (Nishida

1983; Hemelrijk 1994; Chapais 1996, Watts 1997 veecke et al. 2000). This can be

10



the least risky option, especially if the aggressdikely to redirect offense behaviors
towards the intervener if targeted.

We also test two hypotheses concerning why animaist intervene. The first
hypothesis suggests that animals intervene andtsally provide support to those who
also support them (de Waal & Lutteral 1988, de W&&I2). The second hypothesis
suggests that interventions are opportunistic taneaand present a low-cost mean to
target and potentially subordinate a conspecifitafiais 1996; Prud’homme & Chapais

1996).
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CHAPTER 1

QUANTITY-BASED JUDGMENTS IN THE DOMESTIC DOG (CANIS LUPUS
FAMILIARIS)

INTRODUCTION

Animals that are able to judge quantities or amgueden in a relative sense,
should be at an advantage in determining whichrenments have the least number of
predators or competitors, the most reproductivénpgas, and the largest amount of food
resources (Dehaene 1997). Natural selection shautat optimal decision-making, but
animals must first compare in order to optimizeevisus research has shown that
children (Huntley-Fenner & Cannon 2000), infantsienson et al. 2002), and variety of
non-human animals such as dolphins (Kilian et @03}, monkeys (Hauser et al. 2000),
apes (Rumbaugh et al. 1987; Boysen & Bernston 1086ley & Gill 1997; Call 2000),
rats (Meck & Church 1983), birds (Pepperberg 1983l raccoons (Davis 1984) can
discriminate between the quantities of various disje their environments.

In some studies, researchers train or conditiamas to make quantity
comparisons. For example, rats learned to pre$2 lewers to distinguish 2 flashes of
light from 4 flashes (Meck & Church 1983). Likewjsaccoons learned to select a

transparent cube containing 3 grapes and ignosetbobes containing 2 or 4 grapes in
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order to receive a reward (Davis 1984). After yedrsaining, an African grey parrot
(Psittacus erithacyscould correctly identify the number of red keysgent when
researchers presented him with a group of objexttaming red keys, green keys, red
toys, and green toys (Pepperberg 1987).

Independent of training, selection should faver tlatural development of such
decision-making abilities in a number of ecologiaatl social situations, including those
involving parental investment, feeding competitiang intra- or inter-group aggression
(Hauser 2003). For example, in the American cbati¢a americang, an aquatic bird
subject to conspecific brood parasitism, the nunolbeggs a female lays is directly
related to the number or surface area of eggsing@sent in the nest. Females respond
to their own eggs in a nest but ignore the numibgacasitic eggs when regulating clutch
size (Lyon 2003). Similarly, to maximize energetites of return, animals must make
decisions between which patches of food to forag&iephens & Krebs 1986).
Experiments using playbacks of conspecific callafimcan lions (McComb et al. 1994),
chimpanzees (Wilson et al. 2001), howler monkeyigcften 2004), and wolves
(Harrington & Mech 1979) showed that decisions alvgiether to respond aggressively
to competitors reflected the size of the home gmalgtive to the group size of
competitors.

In this study, we examined how domestic ddgan(s lupus familiarisrespond to
differences in quantity naturally, without explitidining for a desired response. Previous
research on chimpanzees (Dooley & Gill 1977; Rurgbaet al. 1987; Beran 2001, 2004)
and orangutans (Call 2000) addressed their alditlistinguish between two different

guantities of food. Dooley & Gill (1977) reportdubt Lana the chimpanzee was able
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distinguish the larger quantity of cereal piecesrfithe smaller quantity in most trials.
Lana was tested on all combinations between 1 Gndrid she performed better when
the numerical distance (difference between quaslitivas large (e.g., 1 vs. 4 was easier
than 3 vs. 4), the ratio between quantities wadlgmg., 2 vs. 3 was easier than 5 vs. 6),
and when the total number of pieces in both arcaysbined was small.

Three orangutans performed similarly. When testedll quantity combinations
between 1 and 6, in most trials they chose thestaggantity of cereal over the smaller
guantity (Call 2000), and their performance wastpasy correlated with the numerical
distance between the two quantities and negato@iyelated with ratio between
guantities. For Lana, both quantities of cerealensways visually available at the time
of choice. However, for the orangutans, in sonaddithe cereal was visually available,
but in other trials, the experimenter covered thangities with an opaque lid after the
animal had an opportunity to visually compare th@rangutans performed equally well
whether the cereal was visually available or coleckat the time of choice. For all trials
in both the chimpanzee and orangutan experimdrgssubjects were positively rewarded
whether they chose the larger or the smaller guesitibecause they got to consume the
guantity selected.

The performances of Lana and the orangutans suggakog representations of
guantity (“mental magnitudes”) (Moyer & Landaue6Y9 Gallistel & Gelman 2000)
subject to scalar variability. Scalar variabilitgstribes a representation of quantity in
which the “noisiness” of the estimate (measurethleydegree of variation in response
across trials) is directly proportional to the saféhe quantity being estimated (Gallistel

& Gelman 2000). Discrimination between mental magies that are subject to scalar
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variability follows Weber’s law, which states thato magnitudes are more easily
distinguished as the ratio between the smalleddViby the larger magnitude decreases.
Weber’s law (Dehaene et al. 1998; Gallistel & Gair@@00) reflects distance and size
effects as described above for the chimpanzee @mjotan studies. Many other studies
of quantity estimation report results consisterthwWeber’s law, implying that
magnitude representations of quantity are widespiredoth humans and nonhuman
animals (Beran 2001, 2004; Cordes et al. 2001, &ta2303; Lewis et al. 2005; Jordan &
Brannon 2006a).

In many natural situations, such magnitude repteasiens may allow sufficiently
accurate estimates of quantity. For example, fougHiving, territorial species, the
ability to assess and compare group sizes woubavethr optimal decision-making
during territorial disputes. In several studieseaachers used conspecific playbacks
(playing calls from 1-5 individuals simultaneousig)simulate rival groups of
conspecifics (chimpanzees: Wilson et al. 2001;didvicComb et al. 1994; howler
monkeys: Kitchen 2004, and wolves: Harrington & Md®79). In all of these species,
animals were more likely to respond to perceivedats when numeric odds were in
their favor, indicating an ability to accuratelyenrelative group size within this
numerical range. Evidence from actual intergrougoenters supports the hypothesis that
small groups avoid larger groups. For example 3imdgressive incidents between a pack
of free-ranging, domestic dogs living in the moumbas region of central Italy and
smaller packs or an individual dog, the smalleugralways withdrew before aggression

became physical (Macdonald & Carr 1995).
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The importance of territoriality among wolves (Meet al. 1995; Smith &
Ferguson 2005) and their descendants, free-ramgingestic dogs, suggests at least one
context in which the ability to judge relative qtiies could prove important to survival
and reproductive success. Since hunting in theseepoften involves discriminating the
group size of potential prey, quantity comparisoosld also be important during
foraging. In this study, we took advantage of thailability and tractability of domestic
dogs to investigate their discrimination abiliti®sevious research that measured dogs’
looking time at expected (e.g., 1+1 = 2) versuxpeeted outcomes (e.g., 1+1 =1 and
1+1 = 3) showed that dogs looked longer at unexgeatitcomes. Researchers suggested
that dogs anticipated the outcome of the calculatend demonstrated a limited ability to
count (West & Young 2002). In the current study,tested a wider range of quantities
than West & Young (2002) and employed methods aimtd those used to investigate
orangutans’ abilities to distinguish between twaumfities of food (Call 2000). We use
the term “quantity” to signify amount without imphg a reference to number or the
ability to count (cf. Rumbaugh et al. 1987; CalbR2pShumaker et al. 2001).

Our study had three main goals. First, we aimezbtopare numerical
performance in a quantity discrimination task lyaenivore to performances by
nonhuman primates (previous studies on carnivaretaaking). Are dogs as skilled as
nonhuman primates in discriminating small setsuamities? Second, we wanted to
determine whether the responses of dogs conform&éeber’s law, indicating a mental
magnitude mechanism for quantity estimation. Basedtudies of primates, we
predicted that dogs would be more likely to chatbselarger quantity when numerical

distance between the two quantities was largey vedis small, and total quantity being
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compared was small. Third, because the choices vigunally available simultaneously

in our original trials (e.g., experiment 1, conaiits 1 and 2 of experiment 2, below), dogs
could discriminate quantity based on perceptuas @ene. Therefore, to investigate the
possibility that dogs can form and remember maefalesentations of quantity, we
conducted preliminary tests requiring two subjeéatshoose between quantities that were
visually available successively (condition 3 of ement 2). We predicted that dogs,

like orangutans tested under similar conditiondI(8200), would choose the larger
guantity regardless of whether or not the food wasally available at the time of

choice.

EXPERIMENT 1

In experiment 1, we tested whether dogs overata(dambined for multiple
subjects) could discriminate the larger from theken quantity of food when presented
with the following 8 combinations: 1 vs. 4, 1 vs23vs. 5, 1vs. 2,2 vs. 4,3vs. 5, 2 vs.
3, and 3 vs. 4. Results from a pilot study condiigigor to experiment 1 showed that all
12 adult dogs tested on the single quantity contimnaf 1 vs. 5 could discriminate the

larger quantity over the smaller quantity.

Methods

Subjects
The 29 dogs used in the study were pets recruited Veterinarian offices, a

local dog club, friends, neighbors, and peopldiatéd with the study. Of the 29
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subjects, 18 were female and 11 male; 17 were penlednd 12 mixed breeds. Ages

ranged from 1 to 12 years. Testing was conductésdsn June 2003 and August 2003.

Procedure

We tested all dogs individually. Each dog’s owneyught his or her dog into the
testing room, and the dog had 5 min to exploradkng environment. Prior to trial 1,
the experimenter fed the dog a piece of hotdog—fdbd used in the experiments. We
wanted to be sure that the dog liked the food aasl mvotivated to obtain it before
proceeding. To increase motivation, we asked owtoersfrain from feeding their dogs
just prior to testing. All subjects were motivataghotdogs.

In preparation for testing, the owner took the timg marked location. The owner
positioned the dog into place, usually by gentlidiry the dog from behind. A few dogs
maintained a sit and stay without aid, in whichectge owner stood behind the dog.
While the dog waited in place, the experimentetdobiwo plates outside of the dog’s
view. The experimenter randomly dropped a set nurmbkotdog pieces onto each plate,
depending on the quantity combination being testeaking no attempt to arrange the
pieces into a consistent pattern. Plate constnuetias blue plastic with a 19 cm
diameter, and each piece of food was"d8a standard hotdog.

After baiting, the experimenter covered each phath an opaque lid (Fig. 1a,
step 1). Hare et al. (2002) reported that dogsdcfollow a human gaze to locate hidden
food, so the experimenter wore dark sunglassesgdiol énadvertently cueing the dog
with her eyes. Visual cueing by the owners waskehjibecause they stood behind the
dog. However, as an extra precaution, we asked mwaeefrain from looking at the

plates and instead focus their attention straigktd at the wall in front of them. The
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experimenter approached the dog and put both platea on the ground at the same
time in front of the subject. The plates were s2trh apart with the midpoint between
them 1 m directly in front of the dog. The expemtex uncovered both plates at the same
time (Fig 1a, step 2) and simultaneously tappdutliygon the edge of each plate in order
to get the dog to look at both plates. Once theldmyvisually examined both quantities,
the experimenter waited 5 s and then said “okayiictvmeant that the owner could
release the dog to choose (Fig 1a, step 3). Thelkase by going over to the plate and
eating the hotdogs from that plate. As the dog &&sg, the experimenter quickly
removed the un-chosen plate from the dog’s actegrovided no additional
reinforcement.

We tested each of the 29 dogs once on each & guantity combinations over 4
sessions, with 2 trials per session. Successigosesfor each subject were separated by
a minimum of two days. We also wanted to test fl@aaning effect across sessions, so
we randomly selected 14 of the dogs to begin tgstith what we called the “small ratio
group” and end their testing with the “large ragroup.” The remaining dogs began with
the “large ratio group” and ended with the “smatio group”. Ratio was simply the
smaller quantity in the comparison divided by thegér quantity (e.g., 1 vs. 4
combination had a ratio of 0.25). We included cambbns 1 vs. 4, 1vs. 3,2 vs. 5,and 1
vs. 2 in the small ratio group and combinations24y 3 vs. 5, 2 vs. 3, and 3 vs. 4 in the
large ratio group. Although the combinations 1Zand 2 vs. 4 had the same ratio (i.e.,
0.50), we assigned one combination to the smadl group (1 vs. 2) and the other to the
large ratio group (2 vs. 4) to equate sample sazesss groups. We assigned dogs to each

ratio group in a counterbalanced manner. We cobakenced the left-right presentation
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of quantities across trials for each combinatiod eendomly assigned the order of

presentation within each group.

Data analysis

For statistical analyses in all experiments, alwha set at 0.05 for rejection of the
null hypothesis. Statistical tests were conductdgiSPSS version 11.5 and SAS
version 8.1. Tests are one-tailed for all direcigoredictions: 1) dogs would choose the
larger quantity more often than the smaller qugrtitd 2) their performance (the
percentage of times, out of 8 trials, that the dogse the larger over the smaller
guantity) would improve as the numerical distanetveen quantities (the larger minus
the smaller quantity) being compared increasedaaritie ratio between quantities
(defined previously) and the total quantity (thegéx plus the smaller quantity)
decreased. Results from our pilot study and rekeardiuman children and nonhuman
animals support these directional predictions (Bgd Gill 1977; Boysen & Bernston
1995; Call 2000; Huntley-Fenner & Cannon 2000; Eergpn et al. 2002). For all
parametric statistics, the assumptions of homogeaad normality were met.

We used a GEE (generalized estimating equatiomehto test whether the dogs’
ability to choose the larger quantity varied widhrdtio between quantities, 2) numerical
distance between quantities, and 3) total quaafityotdogs available at the time of
choice. The GEE model is appropriate for use hecalse it extends the GLM (general
linear model) algorithm to accommodate correlatleseovations within subjects, and it
allows for comparison across subjects (Diggle €1994; Hardin & Hilbe 2002).

To test whether dogs chose the larger quantityifssgntly more often than the

smaller quantity in each of the 8 individual condiiaons (see above), we conducted
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binomial tests and compared the numbers of dogssihg the larger and smaller

guantities within each combination.

Results and Discussion

Of the 29 dogs tested, three never finished wightélsting, and we excluded them
from the analyses. Eight dogs exhibited a latgralids, going to the same side on every
single trial regardless of the quantity presentatiwe excluded them as well, which left
18 dogs for data analysis. Of the 18 subjects, é2viemale and 6 male; 10 were
purebred and 8 mixed breeds. Fifteen out of theefr@&ining dogs (83%) chose the
larger quantity more often than the smaller queratitross the 8 trials (sign teBt<
0.0001); two chose the larger and smaller quastégpially often, and one chose the
smaller quantity more often. There was no effecgé (Pearson correlatians -0.163,

P =0.518,n =18) or sex (independent sampiest,t(16) = 0.230P = 0.821 Nremae =
12, nmaie = 6) on performance. Males chose the larger pla% of the time, and females
71% of the time.

We found no learning effect across trials. Dogg tarted or ended with the
smaller ratios got an equal percentage (75%) o$mhall ratio trials correct (independent
samplet-test,t(16) = 0.00P = 1.000,nremaie= 12,Nmaie = 6). Likewise, there was no
significant difference in the percentage corredtvieen the dogs that started with (73%
correct) or ended with (59% correct) the largeorsrials (independent sampl¢est,t(16)
= 0.971,P = 0.346 Nstarted= 8, Nended= 10).

Dogs as a group followed Weber’s law: they weraaeniiely to choose the larger

guantity when the ratio between quantity combinetivas small (GEEZ = -2.69,P =
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0.007,n =18) (Fig. 2) and when the numerical distance betveggpgntity combinations
was large (GEEZ = 2.86,P = 0.004,n = 18) (Fig. 3). Previous research obtained similar
results for orangutans (Call 2000) and chimpangeesley & Gill 1977) when tested
under similar conditions. There was no significatationship between total quantity and
the dogs’ overall performance (GEEx= 0.29,P = 0.769,n = 18). Again, similar results
were obtained for orangutans (Call 2000) but notBma the chimpanzee, who was
more likely to choose the larger quantity whenltqtantity available at the time of
choice was small (Dooley & Gill 1977). However, tf@mpanzee data contained a wider
range of total quantity values compared to thiggtand the orangutan study. This
difference may account, at least in part, for tiser@pancy in total quantity results
among the studies.

Finally, we examined the ability of dogs to distumnate the larger from the
smaller quantity within each of the 8 individualaatity combinations. Dogs as a group
chose the larger quantity significantly more oftiean the smaller quantity for all
combinations except those that differed by 1 p{bogomial test, 1 vs. 42 = 0.001; 1 vs.
3:P=0.048; 2 vs. 5P =0.048; 1 vs. 2P = 0.240; 2 vs. 4P = 0.004; 3 vs. 5P = 0.015;

2 vs. 3:P=0.240; 3 vs. 4P = 0.407;n = 18 for each combination). Our findings
parallel the data obtained for orangutans wherdeashder very similar experimental
conditions. Although Call (2000) did not statistigaexamine the performance of
orangutans within each quantity combination, thia th@ presented (Table 2, p. 139)
enabled us to do so. He tested each subject 12 tnmmesach quantity combination, and

using his data, we calculated that two of the tlur@mgutans did not discriminate above
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chance between 1 vs. 2 and 2 vs. 3, and one ondid not discriminate between 3 vs.

4 (binomial testP > 0.05), similar to the dogs in the current study.

EXPERIMENT 2

In experiment 2, we examined, in greater depthatiities of two dogs from
experiment 1. Experiment 2 consisted of three dard that were presented
successively. Progression from one condition tanied was dependent upon successful
performance in the previous condition.

In condition 1, we verified the generality of ttesults from experiment 1, and in
conditions 2 and 3 we tested to see if dogs cdilldkoose the larger quantity when the
food was visually unavailable at the time of choiceconditions 1 and 2, the dogs could
rely strictly on perceptual cues to choose thedaggantity, but success in condition 3
required some mental representation of quantityrdter to choose optimally. For all
three conditions, we tested the dogs multiple tioreghe 8 combinations from
experiment 1, and we also tested them on two axhditicombinations, 1 vs. 1 and 1 vs.
5. We included the 1 vs. 1 condition to see ifde greference might develop in a setup
where the dogs would do equally well by choosinlyeziplate. Condition 2 and 3 tests
presented a potentially more difficult challengetfte dogs, so we added a combination
(1 vs. 5) that, according to Weber’s law and tteilts from our pilot study (see
experiment 1), should be relatively easy for therdiscriminate. We also included the 1

vs. 5 combination in condition 1 to make it dirgatbmparable to conditions 2 and 3.
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Methods

Subjects

One of the dogs, Marty, an 8-year old Labradoliae#r, chose the larger quantity
in 7 out of 8 trials in experiment 1; he missedydhke 3 vs. 4 combination. The second
dog, Acorn, a 5-year old Doberman pincher, chosddaiger quantity in all 8 trials.

Testing was conducted between August 2003 and dag084.

Procedure

Condition 1: openThe setup was nearly identical to that of experiniefiig.

1a), with some exceptions. First, we gave eachddagrm-up trials using 1 vs. 0 just
prior to a session. If the dog chose the quantityio all 4 trials, we preceded to testing.
If not, we gave 2 additional warm-up trials. Wedisearm-up trials as a pretest to screen
for laterality preferences. We did not anticipattetality preferences in experiment 1
and, therefore, did not screen for them. Secondyresented all 10 combinations in a
single session. We randomized the order of preBentaithin sessions, and
counterbalanced trials for side within sessiongtdlhwve tested Marty and Acorn 11
times in each quantity combination over the coofdhe experiment. Lastly, because we
tested the two dogs numerous times within a sessierused smaller pieces of hotdogs
to prevent them from becoming satiated early od,va@ positioned the dogs slightly
closer to the plates, so that they could more yav the smaller individual pieces.
Each piece of food was 1/1& standard hotdog; the plates were 1 m aparttivith

midpoint between the plates being 0.8 m directliramt of the subject.
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Condition 2: simultaneous closethe procedure and quantity combinations were

the same as in condition 1 except the hotdogs nareisually accessible to the dogs at
the time of choice. After the experimenter preseeth plates (Fig. 1b, step 1), she
uncovered them simultaneously and allowed the daxamine the two quantities (Fig.
1b, step 2). She waited 5 s, re-covered the platesthen waited an additional 3 s before
releasing the dog to choose (Fig. 1b, step 3).

Condition 3: successive closelhe setup and quantity combinations were the

same as in conditions 1 and 2 with one exceptidterdaiting both plates and placing
them on the ground in front of the dog (Fig. 1epst), the experimenter first uncovered
the plate on her right and waited until the dogreied the quantity for 5 s before
placing the cover back on the plate (Fig. 1c, 2eNext, she uncovered the plate to her
left and waited until the dog examined that qugriot 5 s before covering the plate (Fig.
1c, step 3). After both plates were covered, shieed@n additional 3 s before releasing

the dog to choose (Fig. 1c, step 4).

Results and Discussion

For all conditions, both dogs chose the larger ttyasignificantly above chance for all
trials combined (binomial test, Marty: condition92% of trials, condition 2, 88%,
condition 3, 84%P < 0.001 for alln =99 for each conditiomAcorn: condition 1, 93%
of trials,P < 0.0001, condition 2, 65%, = 0.002, condition 3, 64%, = 0.005n =99
for conditions 1 and 3 and = 98 for condition 2 [Acorn refused to choose in tned]).
In conditions 1 and 2, Marty was more likely téese the larger quantity when

the numerical distance between quantities was langethe ratio between quantities was
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small. Ratio and numerical distance were not sicgnitly correlated with the percentage
of correct trials in condition 3, and total quaynttas not significant in any of the
conditions (Table 1).

In condition 1, Acorn performed better when thigorbetween quantities was
small and the total quantity large. Ratio, numeriistance, and total quantity were not
significantly related to performance in conditidhand 3, and numerical distance was not
significant in condition 1 (Table 1).

Neither Marty nor Acorn showed a side preferemcéne 1 vs. 1 combination
(binomial testP > 0.05 for both dogs in each condition= 11 for each dog and
condition), and with one exception (i.e., Martycondition 2,c? = 4.18,df = 1,P =
0.041), the dogs’ success choosing the larger gualid not differ significantly between
the first 4 and last 4 testing sessions (conditioRisher’s exact test; conditions 2 and 3,
Pearson chi-square teBt> 0.05 for both dogs in each condition with the exception
[see above)).

In condition 1, which is most comparable to expemt 1, the effects of ratio on
performance for Marty and Acorn and the effect winerical distance on performance
for Marty are similar to what we found for the dagsa whole in experiment 1. The
finding that Acorn’s performance was not relatedhtinerical distance in condition 1
may have resulted from a ceiling effect that madkeddistance effect for her. Such
distance effects might become apparent if a lar@@ge of quantity combinations are
used. The results for individual quantity combioas varied with condition (Table 2),

but neither dog chose the larger quantity in tlve.34 combination under any condition
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in experiment 2 (and dogs were unsuccessful atakperiment 1), further suggesting a

ratio effect.

Control Tests

In experiments 1 and 2, we showed that dogs cdsttichinate based on
guantity, but we do not know whether dogs werergatheir decisions on number or
some other parameter that varies with number sscudace area or volume. However,
we can eliminate two other potentially confoundaugs that could have affected the
dogs’ decision-making: 1) olfaction and 2) expernee effects.

A dog'’s sense of smell is extremely sensitive (Mid@ey 1968; Passe and Walker
1985), serving to enhance social recognition (Fox11 Hepper 1986) and aiding in the
identification and receptivity of potential mat&egach et al. 1983). To address the
possibility that choices were based on olfactioe,tested Marty and Acorn ten times on
the quantity combination of 1 vs. 5. The experirakaetup was nearly identical to that of
experiment 1 except instead of plates, we placédogopieces in opaque bowls that were
open at the top and tall enough so that the dogtsl cwt see inside of the bowls. We
hypothesized that if dogs were basing their choitemell, they should go to the bowl
containing 5 pieces in most of the trials. Howewasty chose the bowl containing 5
pieces in 50% of trials and Acorn chose the bowltaiming 5 pieces in 60% of trials
(binomial testP = 1.000 for both dogs$y, = 10 for each dog).

A second alternative explanation for the dog’dqrenance is that the
experimenter, despite wearing sunglasses, sometanivertently provided cues that

aided subjects in selecting the larger quantig,(the Clever Hans effect). In both
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experiments 1 and 2, a single researcher was regg@for both baiting the plates and
presenting them to the dogs. To test for the pdggithat the experimenter knowing
which plates contained the larger and smaller quesitmay have affected the dogs’
performance, we conducted additional trials withriyiand Acorn. For all trials, an
assistant baited both plates and handed them &x{bexrimenter already covered. For
half the trials (randomly chosen), the assistatarmed the experimenter which plate
contained the greater number of pieces (“informedls), and for the remaining 6 trials,
the experimenter was not informed which plate aoethmore (“blind trials”). When the
experimenter was informed, she presented the pdateescribed in the setup for
experiment 2, condition 1, and in the other h&lé éxperimenter presented the plates
from behind an opaque screen that prevented her $eeing the two quantities until
after the dog chose, precluding inadvertent cu@img assistant, in all trials, was not
visible to the dog).

We tested Marty and Acorn on the quantity comlomest 1 vs. 4, 1 vs. 3, and 3
vs. 5. We presented each combination 8 times oges&ions, with 12 trials per session.
Quantity combinations and screen/no-screen triaiewounterbalanced within each
testing session. If the experimenter inadvertenflyenced the subjects’ ability to
choose the larger quantity, then the dogs shoutd parformed better on no-screen
trials. They did not. Marty chose the larger qugrih 92% of trials and Acorn in 83% of
trials (binomial test, MartyP < 0.001; AcornP = 0.001;n =24 for each dog), and their
ability to choose the larger quantity was indepemnadé trial type (binomial test, Marty?

=0.832; AcornP = 0.503;n =24 for each dog).
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DISCUSSION

Our study had three primary goals. First, we exaahithe ability of dogs to
discriminate between two quantities that diffenechumber and compared their
performances to nonhuman primates. Pooling actbgsantity conditions, dogs chose
the larger quantity of food over the smaller quanith all experiments. For all dogs in
experiment 1 and Marty in conditions 1 and 2 (ekpent 2), dogs chose the larger
guantity most often when the numerical distancevbeh quantities was large and ratio
between quantities was small. These results phtlatise obtained for orangutans (Call
2000) under testing conditions similar to thosexperiments 1 and 2. In condition 1
(experiment 2), Acorn chose optimally when ratioween quantities and total quantity
compared were small. Lana the chimpanzee was nkefg to choose the larger quantity
of food under these same two conditions (Dooleyi& I977). Overall, our results
indicate that some dogs can perform on par witthnoran primates in these particular
tasks.

Second, we examined aspects of the mechanismn&bpefor quantity
discrimination. Does the pattern of discriminate@mnform to an analog (magnitude)
model of quantity representation, or do the resutggest an alternative explanation?
The detrimental effect on performance of smallenarical distances between quantities,
larger ratios between quantities, and larger paaintities (i.e., for Acorn in condition 1)
suggests that dogs rely on an approximate mechaofispmantity representation that
conforms to Weber’s law and fits an analog modelli{&el & Gelman 2000). However,
correlations between the subject’s performanceramderical distance between

guantities, ratio, and total quantity broke downAaorn in condition 2 and for Marty in
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condition 3. Therefore, these later results docooform to an analog model of
representation. Nor do they resemble the resultsrimgutans (Call 2000), whose
performance conformed to the predictions of Weblamsunder all testing conditions,
including those comparable to our conditions 2 anBeran (2004) found a similar
break-down effect with chimpanzees. Chimpanzeesechiee larger quantity when
presented with two and three sets of non-visibtelfilems. Their decreased performance
when sets were close in number and large in magmsuggested an analog model of
magnitude representation. However, when chimpanzees given the more challenging
task of choosing the larger of two sets after tkgeeimenter removed two or three of the
initially presented food items, ratio was no longssociated with performance, even
though one of the two subjects still chose thedagpantity at levels above chance.
Future work should explore the mechanisms respta&boutcomes in condition 2 and
especially condition 3 (also see the discussiomental representation below).

One commonly cited alternative to the analog modiguantity representation is
the object file model (although there are other et®de.g., Siegler & Opfer 2003). In this
model, performance is not subject to Weber’s Lawt,ibstead is limited by set size.
Mental files are opened, one for each object instite This mechanism is precise, rather
than approximate, representing quantity exactlyoug set size limit of approximately
three or four (Hauser 2000, 2003; Feigenson &(fl2). If dogs were using an object file
model of quantity representation, we would haveeeigd success at 1 vs. 2 and 2 vs. 3,
but this was not typically the case (see expeririearid Table 2).

Our third goal for the study was to examine whettags could form mental

representations of quantity, rather than rely 8yrien perceptual cues to choose the
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larger quantity. In experiment 1 and experimentdhdition 1) , dogs were most likely
using some perceptual mechanism (Rumbaugh et &r) 18 approximate differences in
guantities when both plates of food were visuallgikable at the time of choice (Fig. 1a).
In conditions 2 and 3 (Figs. 1b and 1c), the tasie potentially more difficult because
the food was visually unavailable at the time adich. As the tasks became more
difficult, individual performances decreased somatyvhowever, both subjects
performed above chance at selecting the largertiyacross all trials in both
conditions. In condition 2 (Fig. 1b), Marty visuatompared both quantities and then
sometimes focused and held his attention on the ptantaining more, so that even after
the experimenter covered both plates, his gazdiwes on his final choice. With this
strategy, Marty could still choose the larger gitgintsing strictly perceptual cues.
However, the successive presentation in conditi@@ 1c) made visual fixation
impossible because subjects had to examine eathiplaurn and form some mental
representation of quantity, rather than rely sotatyperceptual mechanisms (Call 2000)
to choose optimally.

A number of studies have examined the abilityajsito encode and maintain the
spatial location of objects in working memory usageries of retention intervals. In one
such study, dogs’ working memory for locating hidadjects was very good up to 30 s
and then gradually deteriorated up to 240 s, beheat 240 s, the subjects still performed
above chance (Fiset et al. 2003). Other studiew shat dogs can remember the spatial
location of auditory information for up to 120 sdialska 1995, 2000). Although these
experiments examine how memory relates to spattaltion rather than to quantity

discrimination, the current study does containatiapcomponent. The dogs in condition
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3 (experiment 2) showed evidence of an abilityrtoogle in memory which of the two
locations contained the plate with more food. Reistudies could examine the effects of
increasing delays on the dog’s performance in thaiae tasks like the ones used in
conditions 2 and 3 (experiment 2).

The current study addressed the potential for dogsdge differences in food
guantity. The question remains whether quantifozatbility in dogs is context-specific
or a more general mechanism—i.e., does the ahiliguantify in a foraging context
transfer to quantities in a social or territoriahtext? Research in this area is sparse.
However, some experimental work suggests the exdstef cross-modal transfer in
guantification. For example, both human infants dresus monkeydMacaca mulatta
were able to match the number of vocalizations tiesrd (i.e., auditory task) with the
corresponding number of adult humans or monkegs {iisual task) in 2 vs. 3
comparisons (Jordon et al. 2005; Jordan & Branr@f6B). Likewise, adult humans
approximated the difference between large setteafients presented successively when
one array consisted of dots on a screen and adecoay consisted of auditory
sequences, and their ability to discriminate desgdaas the ratio between the two
comparisons increased (Barth et al. 2006).

We demonstrated that domestic dogs can perforntesiynto apes when required
to judge relative quantities of food. Our studyused on what domestic dogs can do in
general (experiment 1) and what two “high perforgiiidogs can do given increasingly
demanding tasks (experiment 2), rather than opdtential for differences in
guantification abilities among breeds. Dogs havededed from group-living wolves

(Vila et al. 1999), but we have since modified faand function to meet our
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requirements. The American Kennel Club classifi@epred dogs into 7 breed groups
based on intended function (AKC 1992). The 10 pra@lulogs in this study represented
only 3 out of the 7 breed groups (1 working groog,d3 herding dogs, and 6 sporting
group dogs). Systematic investigation of breededéiices in quantity judgment tasks
could reveal relationships between specific cogeaitibilities and “ecological niche”
(i.e., the jobs the dogs were bred famnhin species, as previously demonstrated in
comparisons across species (Gould-Beierle 200QJiB2005). For example, some
herding dogs bred to keep track of livestock migdtturally be more attentive to quantity

differences than breeds bred primarily for chagiame or human companionship.
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Table 1-1. Summary of results for two subjects flexperiment 2 as a function of ratio
between quantities, numerical distance, and tatahtjty

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 0.20 -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 0.43 0.332 0.19 0.532 0.07

Spearman rho correlation coefficients a and assatiRavalues from testing the
relationship between the percentage of corredstfa each dog in 3 conditions of
experiment 2 as a function of ratio between quiastinumerical distance and total
quantity @ = 99 for each dog in each condition with one eticef). Condition 1 = open,
Condition 2 = simultaneous closed, Condition 3 ecassive closedone-tailed tests,
significant rho(P < 0.05) in bold°n = 98 for Acorn in condition 2; she refused to ck®o
in one trial.
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Table 1-2. Performance of two dogs from experinZeint each of nine individual quantity combinations

Individual quantity combinations

Conditions 1vs.5 lvs. 4 1vs.3 2vs. 5 lvs.?2 2Avs. 3vs.5 2vs. 3
Marty

1 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.01 0.01 0.11

2 <0.0005 0.01 <0.0005 <0.0005 0.03 0.11 0.03 0.01

3 <0.0005 0.01 <0.0005 0.03 0.11 0.03 0.50 <0.0005
Acorn:

1 <0.0005 <0.0005 <0.0005 0.01 <0.0005 <0.0005 0.03 0.01

2 0.01 0.27 0.11 0.50 0.50 0.11 0.50 0.11

3 0.11 0.11 0.50 0.50 0.50 0.27 0.11 0.50

Summary of results for individual quantity combionas for each dog in 3 conditions of experimenth 2 Q9 for each dog and

condition with one exceptidh Condition 1 = open, Condition 2 = simultaneolssed, Condition 3 = successive closed.
Numbers in table ar@ value€ associated with one-tailed binomial teéts= 98 for Acorn in condition 2: she refused to
choose in one trial of 3 vs. Zignificant values® < 0.05) in bold.




Figure 1-1. Procedures followed in experimentsd 2n

a. Condition 1 b. Condition 2 c. Condition 3
(open (simultaneous close (successive close:

Y N @ @ ‘9 @

@ ©
@ © >® ©
@ @

3@ ® @ @ '@ @

Procedure followed in experiment 1 (open conditimm)l each of the three conditions in
experiment Zmodeled after Call 2000). Numbers next to plagdsrrto the steps of each
procedure. See text for full description.
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Figure 1-2. Results from experiment 1 as a funotibratio between quantities
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Ratio

Proportion of dogs selecting the larger quantitgxperiment 1 as a function of ratio
between quantities on two plates. Generalizethasitng equation (GEEY, = -2.69,P =
0.007,n=18.
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CHAPTER 2

PARTNER PREFERENCES AND ASYMMETRIES IN SOCIAL PLAY AMONG
DOMESTIC DOG (CANIS LUPUS FAMILIARIS) LITTERMATES

INTRODUCTION

Social play is play directed at a conspecific (BekoByers 1981; Fagen 1981,
Bekoff 1984) and in canids includes behaviors sagbhasing and play-fighting games,
mounting behavior (i.e., mimicking copulatory beiwa), and inhibited biting (Bekoff
1974; Burghardt 2005). In this study we videotapedal play within litters of domestic
dogs Canis lupus familiaristo examine its role in the development of social
relationships. We studied four litters of differdmeeds (one was a mixed-breed litter),
and we continued observations on one litter fogen(40 weeks) than many previous
studies have done. To our knowledge, this is tts¢ $tudy in domestic dogs to
systematically compare numerous aspects of soegl(puch as play-partner
preferences, role reversals, and self-handicapiot)) across time and across different
litters.

Hypotheses abound concerning the functions of bpltag (Burghardt 2005).
Animals may play to learn valuable social skillsli@ 1998) or to strengthen (Bekoff
1984) or test social bonds (Zahavi 1976); as tngifior cognitive (Bekoff 1984; Spinka

et al. 2001) or motor development (Byers 1998ydwelop the emotional flexibility
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needed for dealing with unexpected situations (&pet al. 2001), or as a way to assess
their own capabilities (Thompson 1998).

Some evidence indicates that mammals play morerginate play more often
with individuals they can dominate during play (wel975; Biben 1986 & 1998). Even
S0, experiencing subordinate positions during piay also confer long-term benefits
because individuals gain the opportunity to pra&ctlefensive strategies that could later
be used during an actual fight. Also, individualsorconsistently maintain a dominant
position during play may find themselves at a lesswilling play partners (Biben 1998).
Some researchers contend that in order for plagc¢ar, both participants must win an
equal proportion (50%) of play encounters. Thisalled the 50-50 rule. (Aldis 1975;
Pellis & Pellis 1998). Individuals may balance time spent in dominant and
subordinate roles during play by self-handicapgnd reversing roles. Self-
handicapping occurs when individuals place theneselw disadvantaged positions or
situations that could make them more vulnerabkttack by “opponents” (Fagen 1981,
Bekoff & Allen 1998; Spinka et al. 2001; Bauer & 8% 2007). For example, red-
necked wallabiesMacropus rufogriseus banksianuself-handicap when playing with
younger partners by standing in a defensive, flatdd posture and pawing rather than
sparring (Watson & Croft 1996), thereby allowingupger partners to gain a competitive
advantage. Role reversals occur when animals chdomgenant and subordinate
positions during play-fighting (Biben 1998; Burgtia2005) or when animals dominant
outside of play assume subordinate roles during {Bauer & Smuts 2007). In some
cases, the opportunity to play may be more impottaan winning. For example, among

squirrel monkeysSaimiri sciureu¥ (Biben 1998) and hamadryas babodpap(o
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hamadryas hamadryagPereira & Preisser 1998), stronger individuaigften” their
play style as a mechanism to promote play relatamsn choice of play partners is
restricted.

None of the above studies specifically quantifiddexence to the 50-50 rule
during play, with one exception. In that study agpadult domestic dogs, subordinate
members of play dyads actually self-handicappecernéien than dominants, and
dominance status outside of play predicted adopfahe dominant role during play-
fighting (Bauer and Smuts 2007). The authors cateduthat neither role reversals nor
self-handicapping were necessary for play to obctithat, at least in some dyads, they
probably did facilitate play.

Because social play often includes motor pattesesi un predatory, mating, and
agonistic contexts, play signals have evolved tp haimals convey playful intentions
(Bekoff & Allen 1998). For example, Bekoff (1995)und that among captive coyotes
(Canis latran3, wolves Canis lupu$ and domestic dogs, the play bow signal was more
likely to occur immediately preceding or followitghaviors that could most easily be
misinterpreted as real aggression, such as whaniaral shook the head while biting
another (Bekoff 1995). In adult domestic dogs,itftvidual within a dyad who showed
more self-handicapping behavior also play signatede often (Bauer & Smuts 2007).

For a given species, sex differences in play shbalgresent whenever females
and males differ in physical characteristics (dogdy size), behavioral characteristics
(e.g., involvement in hunting activity, intraspecifighting, territorial defense), or social
preferences (e.g., formation of strong bonds watine vs. opposite sex individuals)

(Maestripieri and Ross 2004; Burghardt 2005). Amoagids, males and females show
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little size dimorphism and engage in similar rdlBsrix et al. 1993; McLeod & Fentress
1997), and some research has suggested no sexndés in play style (Bekoff 1974;
Bauer & Smuts 2007). However, among infant domegigs, there have been reports of
sex differences in play (Lund & Vestergaard 1998, i press).

In domestic dogs, social and sexual play (e.g.,mng) first emerge during the
socialization period that begins at 3 weeks and etiépproximately 12 weeks of age
(Freedman et al. 1961; Scott and Fuller 1965). myutinis time, puppies learn social
skills and form bonds with other dogs (Lindsay 20@Dd play-partner preferences may
begin to form. Following the socialization peridide juvenile period lasts from
approximately 12 weeks to 6 months or later (Ls@xual maturity) (Scott & Marston
1950; Scott & Fuller 1965). During this time, plegntinues to be common.

Some research suggests that in domestic and wildsggplay contributes to the
formation of dominance relationships within litté&cott & Fuller 1965, Bekoff 1972).
However, no one, to our knowledge, has systemétigakntified the development of
dominance relations among littermates in wolvedamestic dogs during naturally
occurring social interactions. In our study, vitty@very intraspecific social interaction
puppies had (other than resting in body contashdfing) occurred in the context of
play. Therefore, we made no attempt to analyze danae relationshipser se although
we did examine role asymmetries during play (séevbe

We examined the development of social relationstiipgg play among
littermates in three ways. First, we examined ayner preferences in puppies,
diversity in choice of partners, and the stabitifypreferences over time. Second, we

examined asymmetries in social play. Specificallg,determined whether play
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conformed to the 50-50 rule; we examined the @tatip between various play
behaviors, including play initiations, “offense la@fors” (similar to “attacks and
pursuits” in Bauer & Smuts 2007), self-handicappengd play bows; and we determined
whether play behaviors varied by sex. Lastly, waneined how the individual actions

that comprised offense and self-handicapping benswviaried by litter and time.

METHODS

Subjects

We observed four litters of domestic dogs (threeepred litters and one mixed-
breed litter; Table 1). All dams lived in ordindrguseholds and all puppies whelped
naturally (no Cesarean births) at home. The damide the puppies and weaned them
prior to placement in permanent homes. Breedergleop@nted nursing with solid foods
starting around 4 weeks of age. Puppies from $itBe#d remained sexually intact for the
duration of the study. With the exception of ondamall of the puppies from litter 1

were spayed or neutered, starting at 21 weekseof ag

Data Collection

Data collection was divided into three time pesig@iable 1) to approximately
coincide with critical periods associated with tlevelopment of social behaviors (Scott

& Fuller 1965) and also to equate data collectedsaclitters. Time 1 included the
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socialization period, time 2, the late socializatamd early juvenile period, and time 3,
the later juvenile period.

For all litters, we observed puppies in the bregdesmes from 3 to 7-8 weeks of
age (time period 1; see Table 1). During timetiens 1 3 were housed indoors in one-
room enclosures approximately 7.3. mitters 2 and 3 also had free access to outdoor
fenced areas 99and 72 Min size, respectively. Litter 4 was kenneled ootdan a 4
m?enclosure, but data were collected in the adjag@mt, a 506 rhfenced area. For all
litters, living areas were large enough to allovppies to move and play freely.

During time period 2 (Table 1), owners of pupgdiesn litters 1 and 2 brought
them back to the breeders’ homes once or twicerghrend placed them together for a
couple of hours in the outdoor enclosures descratede (extended observations of
litters 3 and 4 were not possible). This allowedausollect longitudinal data on
littermate play behavior starting at 10-11 weeksufh 23 weeks of age. For litter 1, all
six littermates attended four sessions. For |IR{eive puppies attended three sessions,
and all six puppies came to the remaining session.

Finally, for litter 1, we continued once-a-montbservations from 23—40 weeks
of age (time period 3, Table 1) under the condgidascribed above. All littermates
attended two sessions and five attended one session

For litters 1-3 (hereafter referred to as ‘foctikhs’) for all time periods that
applied, we conducted 5-min focal samples on eagipyrandomly selected during a
given session. We videotaped focal animals ancethv® interacted with them using
Canon ZR50 and Canon ZR95 digital video camerash&ddimited access to litter 4

and therefore decided to maximize data by videataplay on arad libitumbasis
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(Altmann 1974). For identification, puppies wordazed collars or, in the case of litter 3,

were marked by the breeder with nail polish in tdgimg locations on their bodies.

Behavioral Coding

We coded data from videotapes into a Microsoft Efoersion 2003)
spreadsheet. We coded data only for play boutdrkalved mutual, social play lasting
for at least 2 s. Based on the log survivorshipgyasma(Martin & Bateson 1993), we
considered a subsequent play bout between a fodaha same play partner to be
independent if the interval separating successivgsdowas at least 1 min.

To investigate play initiations and partner prefiees, we coded play partner
identities, the puppy who initiated play, how plags initiated (see Bekoff 1972), and
the times that play began and ended with eachgrario investigate behaviors that
involved asymmetric roles (hereafter ‘asymmetries® divided them into 1) offense
behaviors and 2) self-handicapping behaviors (aidB & Smuts 2007). For these and
other behaviors (e.g., play bows) we used a detaileogram (Table 2) based on prior
research on domestic dogs (Bekoff 1972; Abrant®§;1Bauer & Smuts 2007) and

wolves (Schenkel 1967; van Hooff & Wensing 1987).

Data Analysis

Play-partner preferences

For focal litters, we calculated a play-partnerf@rence (PPP) score for each

animal in each litter using the following index.(@hompson 1996)
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Bij

wherek is the total number of puppies in a litt®; is the number of play bouts initiated
by thei™ puppy with thg™ puppy as the recipient, ari8lis the total number of play
bouts initiated by thé" puppy. A puppy that initiated with all other paeta an equal
number of times would have dl| scores equal to 1.0. Scores were greater tham1.0 i
situations where individuals initiated play withnse individuals more often than with
others. Following Thompson (1996), we used PPPResaoir 2.0 to define “strong
partner preferences”. We did not calculate PPPescir litter 2, time 2 because on most
occasions, only five of the six puppies were présen

We used rowwise matrix correlation testg (MatMan software package with
10,000 permutations; Hemelrijk 1990a & 1990b; dee¥11993) to examine several
aspects of play-partner preferences. Matrices wenstructed separately by litter and
time period (although we calculated PPP scoreltfer 3, sample size was too small |
= 3] to conduct matrix analyses [Hemelrijk 1990a]).

To determine if PPP scores were reciprocal (f.@uppy A preferred B as a play
partner, did B also tend to prefer A?), we compaeta matrix of PPP scores (with
actors in rows and recipients in columns) with eosel matrix that was a transposition of
the first. To test whether PPP scores were coe@latross time periods for litter 1, we
created a PPP matrix (as described above) fort@aehperiod and compared matrices.
Finally, to test if mean play bout lengths weregenwith preferred partners, we
compared the PPP matrix with a matrix that conthmean bout play lengths for each
dyad (the total amount of time each dyad playedldiv by the number of play bouts for

that dyad [Martin & Bateson 1993]).
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To test whether the number of strongly preferradmers for each puppy in litter
1 increased across the next two time periods, wdwded a McNemar test in SAS (SAS
Institute 2003).

We also tested whether mean bout length variethiey period or dyadic sex
composition (FF vs. FM vs. MM) with a general lin@sixed model (GLMM) in SAS
(SAS Institute 2003). We controlled for litter efte and repeated observations on dyads
within a litter across time. By including “litterh the model, we accounted for variables
that contributed to inter-litter variation. Forghand all subsequent GLMM models, all
two-way interaction terms were included in theiaimodel, but the least significant
interactions were sequentially dropped using a Wwack elimination procedure. Only
significant interactions or those showing trenckef$ were included in the final models.
For all GLMM procedures, we tested for normalitgldromogeneity of variances, as
appropriate, and transformed the dependent vanalidan necessary to meet the

assumptions.

Realized diversity

Following Thompson (1996), we used the Shannon-\&tediversity index
(Shannon & Weaver 1949) to measure the diversithoices of play partners for each
puppy in all focal litters. (As noted above, we dimt calculate realized diversity scores
for litter 2, time 2 because on most occasionsy timé of the six puppies were

present).The indexR) is

pin{t/p)
In(n)

R=
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wherep; is the probability of a puppy initiating play withei™ puppy in the litter and
is the number of available play partners. The indexjes from 0 to 1, aridis
maximized when a puppy initiates play with all pbkspartners with equal frequency
and minimized when a puppy initiates with only gaetner. To test whether realized
diversity scores varied by sex or time, we ran MBLwith sex and time as fixed
effects. We controlled for litter effects and ref@ebobservations on puppies within a

litter across time periods.

Asymmetries

Testing the 50-50 rul@ o examine whether play conformed to the 50-%), ru

we first calculated asymmetry (or conversely, syrmmmen play as follows. For
individual A in a dyad (e.g., AB dyad consistingpafppies A and B), the number of
“wins” by A equaled the number of offense behavioypuppy A directed to puppy B
plus the number of self-handicapping behaviors @2 by puppy B directed towards
puppy A. B’s wins were calculated in the same veayh that the proportion of wins for
A and B combined equaled 1.0. Next, we calculatedproportion of wins for the

individual with the greatest number of wins frontleayad (J ) as equal td / n, wheref

is the frequency of wins by the puppy with the mests in each dyad, andis the total
number of wins for both partners in a given dyae Wérmalized these proportions with
an arcsine-root transformation and subtracted O(@&Sine-root transformation of 0.50)
from each value to obtain a measure of symmetraggmmetry) in play. The closer the
value was to zero, the more symmetrical the plaxtNwe ran a GLMM to determine if
symmetry differed by time or dyadic sex compositibmeither time nor sex

composition was significant, we pooled the time aexl composition data and ran a
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second GLMM model to determine if symmetry diffefesin 50% (i.e., if the arcsine-
root transformation of the proportion of wins mirug85 differed from zero). We
controlled for litter effects and repeated obseoret on dyads within a litter across time.

Relationship between play behavior¢e ran GLMM models to determine: 1) if

offense behavior rates were associated with irotatates (dependent variable), 2) if
self-handicapping rates were associated with offdrehavior rates (dependent variable),
and 3) if self-handicapping and offense behavitesédependent variables, cf. Bauer &
Smuts 2007) were associated with play bow ratesindleded time as a fixed effect, and
for these and all other GLMM models that follow, e@ntrolled for litter effects and
repeated observations on puppies within a litteoggtime. We did not test for
associations between initiations and self-handiceper initiations and play bows
because scatter plots suggested no relationships.

Rates of behaviors (e.g., initiations, offensel;tsndicapping, and play bows)
were calculated at the dyadic level for each pupmach time period as the number of
times each puppy in a dyad exhibited one of thebiens divided by the total time that
dyad was observed playing. For example if A and&§qud together for 100 s in time 1
and A displayed 20 offense behaviors and B 10ptfemse rate would be 0.20 for A and
0.10 for B (recall that initiations occurred onlyaz per play bout — at the start —,
whereas offense behaviors, self-handicapping, éadiqpws could occur multiple times
within each bout). We used mean rates of behatworsach puppy within each time
period in the following GLMM analyses.

Variation in play behavior as a function of dyadéx compositionWe
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tested whether initiation, offense, self-handicagpor play bow rates (dependent
variables) varied by sex or time in mixed-sex (Rl same-sex (FF vs. MM) dyads
using GLMM models as described above. We also coedpates of female behaviors
when females were playing with other females (fdi) versus when they were playing
with males (fm dyads), and similarly, we comparaigs of male behaviors in male-male
(mm) dyads versus male-female (mf) dyads. Notefthatnd mf dyads have the same
composition; we use the different abbreviationsetoind the reader which sex’s
behavior we are measuring (the one listed firshixed sex dyads) in the relevant
analyses.

For ff and fm dyads, we obtained difference scéoegach dependent variable
(e.g., rates of initiations, offense behaviorsf-sahdicapping, and play bows) separately
by subtracting the rates of female-to-female bedravirom the rates of female-to-male
behaviors. Initially, we used GLMM models to detereif difference scores varied by
time. If not, we pooled observations across tim@ops and re-ran the models to test for
behavioral differences in general. We followednaikir procedure for male dyads.

All statistical tests were two-tailed, arad was set at 0.05. However,afwas
between 0.05 and 0.10, we report it as a non-sagmif (ns) trend.

Breakdown of offense and self-handicapping behavibe determined the

proportions of offense and self-handicapping bedravaveraged across all dyads for
each litter and time period by the following methbist, we determined the rates of
individual offense behaviors (Table 2) separatetyefach dyad and time period by
dividing the frequency of individual offense behargi by the total time played for a

given dyad. We averaged the rates of individuamdge behaviors by dyad across dyads
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to obtain a mean rate for each of the behaviorteeRat self-handicapping were
determined similarly. We calculated the proportiohsffense and self-handicapping

behaviors based on mean rates.

RESULTS

We analyzed 7.10 hours of dyadic play from fouets of puppies consisting of

39 dyads and 1200 total play bouts. The averagebatof play bouts per dyad( +
SD) was 13.15 + 5.13 bouts, and we coded an avefdg22 + 0.71 min of play per

dyad across all litters and times combined.

Play-Partner Preference Scores

PPP scores were not reciprocal for puppies fraer it in any time period
(rowwise matrix testX,=7,P = 0.454, time 1K .= -14,P = 0200, time 2K,=-2,P =
0.852, time 3) or for litter 2 puppies in time bywise matrix testk, = 0, P = 1.000).

PPP scores were not significantly related to méay fpout length for puppies in litters 1
and 2, time 1 (rowwise matrix testg:= -1, P = 0.830, litter 1K, = -8,P = 0.3505, litter

2). However, PPP scores and mean bout length vesigyely related for litter 1 in time

2 (rowwise matrix tesK, = 23,P = 0.012), and in time X(= 18,P = 0.079, trend

effect). For all litters combined, mean bout lengéiied by time period but not by dyadic
sex composition (GLMMF; 76= 4.20,P = 0.019, timef, 76=0.30,P = 0.744, dyadic

sex composition). Play bouts were shorter in tireqal 3 compared to times 1 and 2

(time 1 vs. time 2P = 0.172; time 1 vs. time P = 0.065; time 2 vs. time $=0.005),
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(C estimate + SE = 16.377 + 3.641 s, time 1; 19.93966 s, time 2; 9.990 + 4.549 s,
time 3).

PPP scores in times 2 and 3 and were positivelelaed with scores in time 1
for litter 1 (rowwise matrix test, = 16,P = 0.060, times 1 and &, = 19,P = 0.048,
times 1 and 3), but scores in times 2 and 3 wetaigaificantly relatedK, = 12,P =
0.18).

The number of strongly preferred partners (i.eR BBores 2.0) increased over
time. In times 1 and 2, only one puppy from littehad a strongly preferred partner (PPP
scores ranged from 0-2.5 in time 1 and from O—2 e 2), but in time 3, all six
puppies had one strong preference (McNemar's ¢ést5.00,df = 1, P = 0.025) (PPP
scores ranged from 0-3.76). In time 1 for littermn? 3, none of the puppies had strongly
preferred play partners (PPP scores ranged fro8+Q.8 for litter 2 and from 0.71-1.3
for litter 3), although they did appear to initigtiay with particular puppies more often

than with others (PPP scores > 1.0).

Realized Diversity

Variation in realized diversity scores was notibtttable to sex (GLMMF 21 =
0.92,P = 0.348, but scores were lower in time 3 compari scores in time 1R =
0.0008) and time /(= 0.004) (GLMM:F; »;=8.32,P = 0.002, time). Scores did not

differ significantly between times 1 andR £ 0.796) (Fig. 1).
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Asymmetries

Testing the 50-50 rule

The overall degree of symmetry in play did not viayysex composition, but it
decreased over time (GLMNF; 74= 3.94,P = 0.024, time; k 74= 0.690,P = 0.504,
sex). To further explore this time effect, we raseaond GLMM model pooled across
sex composition while retaining time as a fixeceeff This analysis showed that
littermates as a whole did not conform to the 5086 during play in any time period
(GLMM: t76=4.00,P = 0.0001, time 1t;s= 5.87,P < 0.0001, time 276= 4.96,P <
0.0001, time 3), but symmetry was higher in timelative to time 2R = 0.013) and
time 3 P = 0.024). There was no significant difference imsyetry between times 2 and

3 (P=0.737).

Relationship between play behaviors

The relationship between initiations and offenekdviors was positive in all time
periods, but it was only significant in timeRB € 0.0001) (GLMM:F; ,s=17.8,P =
0.0002, offense behaviors; ,5= 1.92,P = 0.165, timef, 25= 6.16,P = 0.006, offense
behaviors * time). Neither self-handicapping naypbows were related to offense
behaviors in any time period (GLMNE; 3= 0.04,P = 0.848, self-handicappingz, s0=
0.96,P = 0.393, time) (GLMM:F;, 30=1.35,P = 0.254, play bows:; 30= 1.23,P =
0.305, time). However, play bows were positivelgasated with self-handicapping
across all time periods (GLMME1, 30= 9.85,P = 0.004, play bows:,, 3= 0.40,P =

0.677, time).
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Variation in play behavior as a function of dyadéx combination

Rates of play initiationln mixed-sex dyads, males initiated play moremthan

their female partners (Table 3). This result caeltect higher rates of play initiations by
males in general, but comparisons of male and femélation rates in same-sex dyads
showed no differences except in time period 3, wMdhrates of initiation were higher
than FF rates (Table 3).

Females initiated play more often with other feradtean with males, and results
did not vary with time period (Table 3) (ff vs. filyads). In contrast to females, male
rates of initiation varied by time period. In tifBemales initiated play more often during
mm play than during mf play, but in times 1 andr2les were just as likely to initiate
play with females as they were to initiate withestmales (Table 3).

Offense behavior rateth mixed-sex dyads, males displayed offense bherav

more often than females (Table 4). In same-sexslyadles and females displayed
offense behaviors at similar rates across all perods (Table 4).

Rates of offense behaviors for both females an@snakre stable across time
periods. Females displayed offense behaviors alasimtes whether playing with
females (ff) or males (fm), but males displaye@nffe behaviors slightly more often
when playing with females (mf) than when playinghwather males (mm) (trend effect)

(Table 4).

Self-handicapping ratetn mixed-sex dyads, males self-handicapped mites o
than females (Table 5); however, males and fensaishandicapped at similar rates in

same-sex dyads (Table 5).
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Self-handicapping rates did not vary by sex actinss periods. Females self-
handicapped at similar rates whether playing wethdles (ff) or males (mm), and the
same was true for males (Table 5).

Play bow ratesin mixed-sex dyads, males and females play bavsdnilar
rates (Table 6). The same was true for females aogdpwith males in same-sex dyads
(Table 6).

Play bow rates did not vary by sex across timeogariFemales play bowed at
similar rates whether playing with females (ff)males (fm), and the same was true for

males (Table 6).

Breakdown of offense and self-handicapping behavior

Offense behaviors were more common than self-lcapging behaviors across
all time periods and litters, accounting for betw®2—-97% of all behaviors (offense and
self-handicapping behaviors combined; Table 2jtierk 1-4 respectively during time 1
(Fig. 2a—d), 92-93% of behaviors in litters 1 amg@pectively during time 2 (Fig. 3a
and b), and 84% of behaviors in litter 1 duringdi(Fig. 4).

In time 1, for all four litters, forced downs andens were the two most common
offense behaviors (Fig. 2a—d). In time 2, mountseaped for the first time in litters 1 and
2 (5% of offense and self-handicapping behaviotsaih litters), and the proportion of
bite shakes decreased in both litters (Fig. 3abanth time 3, mounts became the most
common offense behavior followed by chases, areldiibkes disappeared entirely (Fig.
4). Muzzle bites and chin overs (with the exceptbiitter 3, Fig. 2b) were a small

proportion of offense behaviors across all timequés.
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In time 1, for all four litters, nearly 100% ofitaandicapping behaviors involved
voluntary downs (litter 1 had a small proportiomadizzle licks). In time 2, muzzle licks
had grown to 43% of all self-handicapping behaviortter 1 and 50% in litter 2 (in
addition to voluntary downs). By time 3, 75% offdgndicapping was accounted for by

muzzle licks.

DISCUSSION

Partner Preferences and Diversity

In time periods 1 and 2, puppies in all focal igtenitiated play with most of the
other individuals in their litter. However, as theytured, puppies in litter 1 concentrated
on initiating play with a smaller subset of indiuals. Their preferences for specific
partners increased over time as diversity in partheice decreased, and by time 3, each
puppy had one strongly preferred play partner. B¢fPes were consistent between early
and late time periods.

Detailed information on play partner preferencesire, but Thompson (1996)
reported distinct play partner preferences fornhfable antelope. Like the littermates in
this study, sable calves played with a varietyartmpers early on but later (9—12 wegeks
developed stable preferences with a subset ofgirgmeferred playmates. However,
unlike young sable antelope, puppies did not shemiprocal play partner preferences, a

finding we discuss later.
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Asymmetries

Testing theb0-50 rule

Puppies did not adhere to the 50-50 rule in ang period; however, play was
more symmetrical between very young littermateslza@hme less so as the puppies
matured. Bauer & Smuts (2007) also reported thalt @dgs did not conform to the 50—
50 rule in play, and they suggested that play gsdeflects the existing dominance
structure outside of play. In young rats pairecetbgr, symmetry in play also decreased
over time as stable dominance relationships beestablished (Panksepp 1981). Like
rats (Panksepp 1981; Pellis & Pellis 1991), dogy us® play to establish stable social
relationships and test their place in the exissagal structure of a group (Bekoff 1972).
If so, then the increased asymmetry over time antittegmates may simply reflect
dominance relationships formed during the juvepédaod, making puppy play more like

that of adult dogs in this respect (cf. Bauer & $R007).

Relationships between play behaviors

In time period 3, rates of initiations were dirgattlated to rates of offense
behaviors. This finding suggests that as puppidgsim®awinning or being in the
dominant position during play becomes more impart@milarly, young male squirrel
monkeys (Biben 1998), baboons (Owens 1975), aratdatry rats (Hole 1988) preferred
partners they could dominate during play. It sebkedy that in dogs, as in many
primates, individuals become increasingly awarmta-group status as they mature and
play becomes more competitive (Fagen 1981). Pmeteréor partners who can be

dominated could help explain why PPP scores wetreeatprocal (see above).
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Similar to the findings of Bauer & Smuts (2007) &lult dogs, we found no
association between offense behaviors and eitlfeinagedicapping or play bows, but
high rates of self-handicapping were related ttmages of play bows across all time
periods. This suggests that self-handicapping denggpgnaling may function together to

encourage play (Bauer & Smuts 2007).

Variation in play behavior as a function of dyadéx combination

Mixed-sex partnerdn mixed-sex dyads, males initiated play moremthan

females across all time periods (Table 3). With possible exception (MM dyads
initiated more often than FF dyads in time 3), éhessults were not just an artifact of
males being more active in general. Similar tofoudings, Lund & Vestergaard (1998)
reported that males initiated social play with fégsanore often than expected by chance
in four litters of domestic dogs aged 3 to 8 weeks.

In addition to initiating at higher rates than féesa males in FM dyads also
displayed self-handicapping more often than femalek as indicated above, self-
handicapping correlates with play signaling andeapg to function to maintain play.
Perhaps playing with females provides opportunitiesnales to learn characteristics of
female behavior and gain competence in interactiatisthem. If so, it could translate
into greater male reproductive success later @mid female mate preferences. Pal et al.
(1999) found that in a population of free-rangirogys in India, oestrous females
selectively allowed some males to mate and eveaitsal them but avoided other males
or even attacked them if they tried to mount. BeadleBoeuf (1967) also reported

female mating preferences in captive dogs.
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In FM dyads, male puppies displayed offense behaviwre often than females
(Table 4). In food competition tests, male puppie® tended to dominate females by 15
weeks (Scott & Fuller 1965). Learning to dominaméles may have reproductive
payoffs as well. For example, in Indian free-ramggiogs, males forced copulations on
unwilling, often sexually inexperienced, oestroeséiles who responded with a
combination of aggressive, submissive, and escagifes. However, attempts to force
mating were less successful than mating attemptsetitited female cooperation
(Ghosh, et al. 1984; Pal et al. 1999). In summglay with females may allow males to
practice both cooperative and competitive matingtsgies in a less serious context.

In contrast to our results, Bauer & Smuts (200t no sex differences in
attack/pursuits (cf. offense behaviors this stumhygelf-handicapping. Possible
discrepancies in the findings may be related tacghof subjects. Bauer & Smuts (2007)
studied unrelated adult dogs, whereas we exammaédlselationships between young
littermates. Ways in which age and kinship mighiuence intersexual play behaviors
remain to be investigated.

Same-sex partner$he preference for same-sex play initiations ales and

females during various time periods (Table 3) sstgythat play may serve as training for
intrasexual competition between same-sex littermdt#e wolves (Mech 1970; Packard
2003), both female and male domestic dogs fornasetxual dominance relationships
(Pal et al. 1998), and play functions in the fonmrabf these dominance relationships
(Bekoff 1972).

Because dominance conflicts generally occur betvgaeme-sex dogs (Borchelt

1983; Sherman et al. 1996), same-sex partners tagy@practice threat and
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appeasement signals that ritualize aggressionti€lracaggressive components within a
safe range of intensity limits the occurrence afrbaggression later on (Lindsay 2005).
In adult pet dogs, fights between females leaddoenserious injuries than fights
between males or fights between mixed-sex dogsfi&dreet al. 1996). The early onset
and consistent preference for females to initi¢ag with other females may be one way
females learn to moderate same-sex aggression.

In contrast to some of our findings, Lund & Vegtard (1998) reported that male
and female puppies did not prefer same- over mgeedplay partners in a study of
puppies (littermates) up to 8 weeks old. Howeveind.& Vestergaard (1998) did not
limit their observations to dyadic interactionsjrmshe current study, but also included
triadic interactions, which could have influencidit findings in ways that remain to be
investigated.

Additionally, the increased rates of same-sexatidgns recorded in our study
were not simply an artifact of play bout lengthsyag by dyadic sex combination (e.g.,
males initiated with males more often than theyiated with females in time 3 [Table 3]
because MM play bout lengths were shorter than BM tengths in time 3). Mean bout
lengths did not vary by dyadic sex compaosition asrany time period in the current

study.

Individual offense and self-handicapping behaviors

We obtained similar patterns of offense and seftfdi@pping behaviors across
all litters and time periods (Figs. 2—4), even vatimall sample size of four litters

comprised of various breeds and breed mixes. Sastlits suggest that littermates as
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whole probably exhibit similar trajectories in ttievelopment of these behaviors

independent of rearing environment, litter sizehi@ed.

Conclusion

Our study examined the role of social play inlftating the development of
social relationships and the flexibility in thogationships among littermates. We made
several determinations. We discovered that plagnpapreferences in puppies form very
early in development and remain fairly stable astehrough the juvenile period, even
when littermates are not continuously housed tageffo our knowledge, no other study
has demonstrated the stability of play partnergreafces in any litter-bearing mammal
longitudinally through 40 weeks of age. Additioyalthis study is the first to
guantitatively test the 50-50 rule of play in litteates of domestic dogs, and we found
that puppies, as a whole, behave similar to trdiftacounterparts (see Bauer & Smuts
2007) in regards to fair play. Finally, for alltéts combined, we found similarities in the
relations between specific play behaviors, in taeability of play strategies used by
each sex, and in the developmental timing of spepli&y behaviors.

Future research addressing the formation and dewedot of partner preferences
and adherence to or deviation from the 50-50 rulgher canids would allow for cross-

species comparisons.
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Table 2-1. Summary of domestic dog litters

Litters Breeds Birthdate8 Sex Observation Time Age Engen
MNAates ompositioR  dates  period§  Weeksof
puppies
Shepherd 14 3 February- 1 38
1 mFi)x February 3 November 2 11-23
2004 2004 3 2740
5 Labrador 21 April 2 May-Octobe 1 3-8
retriever 2005 4 2005 2 10-23
3 Doberman 22 April 1 May-June 1 3.7
pincher 2004 2 2004
4 May May-June
4 Malamute 2005 4 2005 1 3-8

%Only surviving puppy listed?One puppy (female) from litter 1 died shortly afténth,
and two puppies (both females) from litter 3 diadrély after birth.°“Observations were
collected over three time periods.
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Table 2-2. Ethogram of asymmetric play behaviors

Behaviour Definition

Offense behaviours Behaviours used to maintain a dominant or superior
position over a partner.

Bite shake °D hites"S and shakes head back and forth while
maintaining a hold on S.

Chase D runs after S with a least 2 running stndgge S runs
or trots away from D.

Chin over D places the underside of chin over Stkpasually

right behind the neck or near S’s shoulders, but
sometimes over S’s head.

Forced down D uses physical force or contact toe&ut drop
completely to the ground from a moving, standimng, o
sitting position.

Mount D rears up (keeping hind legs on the grotogace
forelegs on S’s back. D has a rounded spine withet!
front legs and forepaws to grasp S’s torso. Pelvic
thrusting may or may not be present.

Muzzle bite D places mouth around S’s muzzle.

Over D sits on, stands over, or lies over S witleast 25% of
D’s torso over S’s torso.

Self-handicapping  Behaviours that place an actor in a disadvantaged o
inferior position.

Muzzle lick S licks on or around D’s muzzle. Somreds a lick may
or may not be accompanied by nudging.

Voluntary down S drops completely to the ground framoving,
standing, or sitting position without D's physical
enforcement. D and S must be interacting when S goe

down.
Play signal Used to begin play or to maintain a playful moodmly a
play bout.
Play bow Dog is crouched down touching or nearlyhiung

forelimbs to the ground with rear end high in thre a
Orientation is directly towards play partner.

D = dog in dominant or winning positio?§ = dog in subordinate or losing position.
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Table 2-3. Rates of initiation

a b - -
Source of Variation df Fort Direction of
values effect
Mixed-sex dyads (FN
Initiator se» 1, 2i 23.9¢  <0.000: M>F
Time perio« 2,2 0.44 0.64¢
Same-sex dyads (FF vs. M
Initiator se» 1, 2i 1.4¢ 0.23:
Time periot 2,21 5.5C 0.00¢ T3>T1, Tz
Initiator sex * time perio 2,2 4.3 0.02: MM>FFin T3
Female initiation:
ff vs. fm 1 15.9¢ 0.03¢ ff>fm
Male initiations
mm vs. m
Time period . 14 -1.0z 0.327
Time period . 14 -0.62 0.54:
Time period . 14 2.1¢ 0.047 mm>mf

% Rates of initiations in mixed-sex and same-sexidya relation to sex of initiator and
time period "Test of the difference in female initiation ratesvbeen ff and fm dyads and

the difference in male initiation rates between amd mf dyads*®GLMM models
controlling for litter and repeated observationslghd{litter} across time’GLMM
model pooled across time periods for female indrag due to non-significant time

effects (GLMM:F,, o= 0.96,P = 0.418).°For male initiations, results were not pooled

across time because of a trend effect with timeMGL. F, 14=2.78,P = 0.096). FM

(female-male), FF (female-female), MM (male-mafejnale rates with females (ff) and
males (fm), male rates with males (mm) and fem@tegs T1 =time 1, T2 =time 2, T3 =

time 3.
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Table 2-4. Rates of offense behaviors

a b . .
Source of Variation df F-ort P Direction of
values effect

Mixed-sex dyads (FM)

Sex 1, 27 7.79 0.009 M>F

Time period 2,27 0.14 0.870
Same-sex dyads (FF vs. MM)

Sex 1, 29 1.63 0.212

Time period 2,29 3.21 0.055
Female offense behaviours

ff vs. fm 1 0.92 0.525
Male offense behaviours

mm vs. mf 2 -3.19 0.086

®Rates of offense behaviors in mixed-sex and samehgad in relation to sex and time
period.’Test of the difference in rates of offense behaviy females in ff and fm dyads
and the difference in rates by males in mm andyafld.**GLMM models controlling

for litter and repeated observations of dyad{lit@cross time’GLMM models pooled
across time periods for female and male offensaviehs due to non-significant time
effects (GLMM:F, 9= 1.39,P = 0.297, females;, 14=1.96,P = 0.177, males). FM
(female-male), FF (female-female), MM (male-mafejnale rates with females (ff) and
males (fm), male rates with males (mm) and fem@tes
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Table 2-5. Rates of self-handicapping

a b . .
Source of Variation df Frort Direction of
values effect

Mixed-sex dyads (FM)

Self-handicapper sex 1,27 4.87 0.036 M>F

Time period 2,27 0.04 0.960
Same-sex dyads (FF vs. MM)

Self-handicapper sex 1,29 0.13 0.723

Time period 2,29 0.92 0.442
Female self-handicapping

ff vs. fm 1 -1.17  0.449
Male self-handicapping

mm vs. mf 2 1.01 0.418

& Self-handicapping rates in mixed-sex and samedgagls in relation to sex and time
period.’Test of the difference in female self-handicappiatgs between ff and fm dyads
and the difference in male self-handicapping ratgsieen mm and mf dyadSGLMM

models controlling for litter and repeated obseoret of dyad{litter} across time.
PGLMM models pooled across time periods for female male self-handicapping

behaviors due to non-significant time effects (GLMM o= 0.51,P = 0.615, females;

F2 14=1.35,P = 0.291, males). FM (female-male), FF (female-fienaMM (male-

male), female rates with females (ff) and maleg) (fmale rates with males (mm) and

females (mf).
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Table 2-6. Rates of play bows

a b
Source of Variation df Fort P
values
Mixed-sex dyads (FM)
Sex 1,27 0.80 0.379
Time period 2,27 2.24 0.126
Same-sex dyads (FF vs. MM)
Sex 1,29 2.29 0.141
Time period 2,29 1.47 0.246
Female play bows
ff vs. fm 1 0.88 0.542
Male play bows
mm vs. mf 2 0.78 0.516

Play bow rates in mixed-sex and same-sex dyadsation to sex and time periddest
of the difference in female play bow rates betwiand fm dyads and the difference in
male play bow rates between mm and mf dya#8LMM models controlling for litter
and repeated observations of dyad{litter} acroset’GLMM models pooled across
time periods for female and male play bows duedt@-significant time effects (GLMM:
F, 9=0.77,P =0.490, femaled:; 14=2.01,P =0.171, males. FM (female-male), FF
(female-female), MM (male-male), female rates vidgimales (ff) and males (fm), male
rates with males (mm) and females (mf).
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Figure 2-1. Realized diversity scores across ttinee periods
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Values are mean estimates and error bars indiéferSitters 1 (time periods 1 3), 2
(time period 1), and 3 (time period 1). Column#wé letter in common are not
significantly different P > 0.05). Age ranges (in weeks) of puppies: tine3L-8, time 2
=10-23, and time 3 = 27-40.
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Figure 2-2. Offense and self-handicapping behaviotsne 1

@ Self-handicapping
Chase 7%
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Proportion of offense and self-handicapping behavio time 1 for litters 1 (mixed
breed) (a), 2 (Labrador retriever) (b), 3 (DoberrRamcher) (c), and 4 (malamute) (d).
Large pie includes offense behaviors and smalsgeiehandicapping. Time 1 = puppies
between 3-8 weeks of age.
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Figure 2-3. Offense and self-handicapping behaviotsne 2
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Proportion of all offense and self-handicappingayebrs in time 2 for litters 1 (mixed
breed) (a) and 2 (Labrador retriever) (b). Largeipctludes offense behaviors and small
pie self-handicapping. Time 2 = puppies betweer230xeeks of age.
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Figure 2-4. Offense and self-handicapping behaviotsne 3
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puppies between 27-40 weeks of age.
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CHAPTER 3

THIRD-PARTY INTERVENTIONS IN DYADIC PLAY BETWEEN
LITTERMATES OF DOMESTIC DOGS ( CANIS LUPUS FAMILIARIS)

INTRODUCTION

The term intervention (sometimes referred to aditton formation) has been
used to describe outsiders (e.g., third-partiespimeng involved in pairwise competitive
or aggressive encounters. Sometimes intervenegssidks by supporting one party or
the other (de Waal & Harcourt 1992; Grammer 199&; 292; Roeder et al. 2002). The
ability to keep track of multiple social interagt®(e.g., as in a triad) is a cognitively
demanding activity most likely to occur among ansnaho live in social groups
(Whiten & Byrne 1998). Interventions have been dbsd primarily in primates
(savannah baboom&sapio cynocephalysseyfarth 1976; Java monkeyscaca
fascicularis de Waal 1977; bonnet macaqacaca radiata Silk 1982, 1992;
chimpanzee®an troglodytesrhesus macaquééacaca mulattaand stumptail macaques
Macaca arctoidesde Waal & Luttrell 1988; Japanese macadJasaca fuscata
Prud’homme & Chapais 1996; mountain gorilasrilla gorilla beringei, Watts 1997;
Barbary macaquddacaca sylvanyswiddig et al. 2000; brown lemurgg@lemur fulvus
fulvus Roeder et al. 2002) but also in bottlenose dokphursiopssp. (Connor, Smolker,

and Richards 1992), spotted hye@ascuta crocutaZabel et al. 1992; Engh et al.
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2000), African wild dog$.ycaon pictugde Villiers et al. 2003), wolveSanis lupus
(Zimen 1976; Jenks 1988), zebEaguus quagga boehrandEquus quagga antiquorum
(Schilder 1990), goats (Keil & Sambraus 1998),ledambraus 1969), rats (Militzer
1995), and even fishamprologus ocellatufNalter & Trillmuch 1994).

Several theories have been proposed to explanventions based on kin
selection, reciprocity, and/or self-interest. Tyglg, interveners often side with kin
verses non-kin in aggressive contests. Such supgasérved among primates (Kurland
1977; Walters 1980; Silk 1982; Silk et al. 2004ptted hyenas (Engh et al. 2000) and
African wild dogs (de Villiers et al. 2003), sugtgethe operation of kin selection. In
some species, support is reciprocal and givendsetlirom whom support is received
(chimpanzee, rhesus macaques, and stumptail mag;atpi@Vaal & Lutteral 1988, de
Waal 1992; savannah baboons, Wasser & Starling,1988ts & Watanabe 1990), and
sometimes support is biased towards close asss¢laienan childreilomo sapiens
Grammer 1992; chimpanzees, de Waal 1992). In sihwries, reciprocity in support is
uncommon (Barbary macaques, Widdig et al. 200Gnue Japanese macaques
Prud’homme & Chapais 1996). Reciprocity can algeter targeting, where individuals
selectively intervene against individuals who regiyl intervene against them. Such a
“revenge system” has been observed in chimpanzeed/@al & Lutteral 1988; deWaal
1992) and male bonnet macaques (Silk 1992). Finiallgrventions can be motivated by
direct benefits. For example, female juvenile Jasarmacaques intervene
opportunistically in conflicts and target low-rangifemales as a means to subordinate

them (Chapais 1996; Prud’homme & Chapais 1996k\Wike, African wild dogs (de
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Villiers et al. 2003), spotted hyena cubs (Engale2000), and wolves (Zimen 1975;
Jenks 1988) use targeting and coalitions to mandav@osition in the pack hierarchy.

Much research has been focused on the influencg#esf/entions in structuring
matrilineal rank relations in primates (Cheney 1,93 Waal 1977; Kaplan 1977, 1978;
Kurland 1977; Dunbar 1980, 1988; Walters 1980, 1%&itta 1983, 1992; Hausfater et
al. 1982; Silk 1982, 2002; Berman 1983; BernsteiB&ardt 1985, 1986; Chapais 1985,
1992; Periera 1989; Chapais & St-Pierre 1997; Wdtial. 2007); however, very little
work has examined the development of interventigmalvior in young animals (Zabel
1992; Prud’homme & Chapais 1996; Engh et al. 20@0Villiers et al. 2003).

In the current study, we examined the developraginttervention behavior
among littermates of domestic do@zafis lupus familiarisduring play fighting. In
canids, play fighting includes behaviors such asstig, rough and tumble wrestling,
mounting behavior (i.e., mimicking copulatory betway, and inhibited biting (Bekoff
1974; Burghardt 2005).We use the term “interveritemiely to refer to the physical act
of interfering in dyadic play without ascribing @mttionality to the behavior. We focused
on interventions during play fighting as opposedgonistic fighting because real
aggression between young littermates is exceednagéy(Bekoff 1974, pers. obs.).
However, social play in canids resembles actudltiing in that it contains many of the
same actions (e.qg., biting, assertively standirgy,dviting with side-to-side shaking of
the head, etc.), except that in play, these acaoasntermixed with a variety of other
cues that help to maintain the play atmosphered8d1995).

Some research suggests that in domestic and wildssgplay contributes to the

formation of dominance relationships within litté&cott & Fuller 1965, Bekoff 1972).
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However, no one, to our knowledge, has systemétigakntified the development of
dominance relations among littermates in wolvedammestic dogs during naturally
occurring social interactions. In our study, vittpy@very interaction puppies had (other
than resting in body contact or sniffing) occurnedhe context of play. Therefore, we
did not address dominance relationships.

This study had two main goals. First, we aimedéscribe the nature and
outcome of third-party interventions in dyadic pkyong littermates of domestic dogs
and how patterns of intervention change over tifr@( 3 weeks up until 40 weeks of
age). To our knowledge, no published work has da&snied the occurrence or pattern of
interventions in this species. Specifically, weedetined whether preferred play partners
of interveners were more or less likely to be teedeluring an intervention. Second, we
asked whether the pattern of interventions was roonsistent with reciprocity or

opportunism (see above).

METHODS

Subjects

We observed four litters of domestic dogs (threespred litters and one mixed-
breed litter; Table 1). All dams lived in ordindrguseholds and all puppies whelped
naturally (no Cesarean births) at home. The darddet the puppies and weaned them
prior to placement in permanent homes. Breedergleopented nursing with solid foods

starting around 4 weeks of age. Puppies from $itBerd remained sexually intact for the
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duration of the study. With the exception of ondemall of the puppies from litter 1

were spayed or neutered, starting at 21 weekseof ag

Data Collection

Data collection was divided into three time pesiddiable 1) to approximately
coincide with periods associated with the develapnoé behavior (Scott & Fuller 1965)
and also to equate data collected across litténse T included the socialization period,
time 2, the late socialization and early juvenigipds, and time 3, the later juvenile
period. During the socialization period (from 3-@eks of age), play and social
behaviors develop, and during the juvenile perfoaht 12 weeks—sexual maturity), pups
explore their surrounding environments and sexahbliors become apparent (see Scott
& Fuller 1965).

For all litters, we observed puppies in the bregdsmes from 3 to 7-8 weeks of
age (time period 1; Table 1). During time 1, listdr3 were housed indoors in one-room
enclosures approximately 7.2 nhitters 2 and 3 also had free access to outdsued
areas 99 fhand 72 riin size, respectively. Litter 4 was kenneled ootddn a 4 rf
enclosure, but data were collected in the adjagemt, a 506 rhfenced area. For all
litters, living areas were large enough to alloyppies to move and play freely. We
collected data five to seven days per week for@pprately three hours per day.

During time period 2 (Table 1), owners of pupgdiesn litters 1 and 2 brought
them back to the breeders’ homes once or twicerghrend placed them together for a
few hours in the outdoor enclosures described atextended observations of litters 3

and 4 were not possible). This allowed us to coleegitudinal data on littermate play
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behavior starting at 10-11 weeks through 23 weélkge. For litter 1, all six littermates
attended four sessions. For litter 2, five puppitesnded three sessions, and all six
puppies came to the remaining session.

Finally, for litter 1, we continued once-a-montrsebvations from 27-40 weeks
of age (time period 3, Table 1) under the condgidascribed above. All littermates
attended two sessions and five attended one session

For litters 1-3 for all time periods that appli@dk conducted 5-min focal samples
on each puppy randomly selected during a given@eséd/e videotaped focal animals
and those who interacted with them using Canon Z&&DCanon ZR95 digital video
cameras. We had limited access to litter 4 ancefber decided to maximize data by
videotaping play on aad libitumbasis (Altmann 1974). For identification, puppiesra
colored collars or, in the case of litter 3, werarked by the breeder with nail polish in

identifying locations on their bodies.

Behavioral Coding

We coded data from videotapes into a Microsoft [Egeersion 2003)
spreadsheet. We coded data only for dyadic playsiibat involved mutual social play
lasting for at least 2 s. Based on a log survivprahalysis (Martin and Bateson 1993),
play bouts between the same partners were conditimainated if a minimum of 1 min
passed without play activity.

An intervention occurred when two dogs were playang a third dog approached
the dyad and physically intervened in their playjuomping on, biting at, mounting, etc.

(Table 2) one of the players (the target). We réedrthe identity of the dogs in the
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playing dyad, the intervener, the target of thenvéntion and the dog who was “joined”
(the non-target dog), and whether the target wasdnmecipient or actor role (herein
referred to as “R” and “AC”, respectively) at thmé of the intervention. We used the
term “joined” rather than “support” to avoid asendy purpose or intent to the behavior of
the intervening animal. A dog in the AC role dietibffense behaviors (e.g., biting,
mounting, jJumping on, standing over) to the do¢he R role. In contrast, the dog in the
R role received offense behaviors from the dogn&AC role. If both dogs from the
original dyad were directing offense behaviorsdaoheother at the time of the
intervention, we included body position to furtldetermine AC and R roles. AC
positions involve higher postures whereas R passtiavolve low postures that typically
signal submission (Schenkel 1967; van Hooff & Wegsi987; Derix et al. 1993; Bauer
and Smuts 2007). For example, if both dogs in geldvere biting each other and one
dog was lying down and the other dog was standuag the dog on the ground, the
standing dog would be coded in the AC position tredying dog would be coded in the
R position.

We also coded five possible outcomes in the 5levimhg an intervention. The
intervener could: (1) play with both members of ¢iniginal dyad, (2) play with the target
to the exclusion of the other dyad member, (3) pléi the non-target to the exclusion
of the target, (4) leave and the original dyad dauintinue to play, or (5) all play
stopped.

To investigate the relationship between intervergiand play partner

preferences, we coded the number of times that feaah puppy initiated play with all
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other littermates in each time period. We usedkaitiins to calculate a play partner

preference index (see below) for each puppy in éaoh period.

Data Analysis

To determine if the intervening dog was more likiglyarget the dog in the R or
AC role at the time of the intervention, we conaukca two-part analysis. In the first part,
we used a general linear mixed model (GLMM) to datee if the proportion of R
targets varied by sex of the intervener or timeqaeWe calculated the proportion of R

targets @,,,) separately for each puppy and time period as

P

_S
sub — ?
where s is the number of times puppy A intervenes andetarthe dog in the R role, and
t is the total number of interventions by puppy Ae Wormalized these proportions with

an arcsine-root transformation, and subtracted3)(@B&sine-root transformation of 0.50)

from each value. IP

sub

did not vary by sex or time, we pooled the datar@mda second
GLMM model to determine if the proportion of R tatg differed from 50% (i.e., if the
arcsine-root transformation &}, minus 0.785 differed from zero). In all GLMM
analyses, two-way interactions were included oh$ygnificant, and we controlled for
litter effects and repeated observations on puppi#sn a litter across time periods.

We calculated play partner preference scores baséacal samples for each

puppy using the following index (cf. Thompson 1996)
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wherek is the total number of puppies in a litt@; is the number of play bouts initiated
by thei™ puppy with thg™ puppy as the recipient, ar@lis the total number of play
bouts initiated by thé&" puppy. Higher scores indicated greater preferevedid not
calculate play partner preference scores for IRteime 2 (because on most occasions,
only five of the six puppies were present) noelid (since focal samples were lacking).

We used rowwise matrix correlation tests) (MatMan software package with
10,000 permutations; Hemelrijk 1990a & 1990b; dee¥11993) to examine several
aspects of interventions. Matrices were construsggahrately by time period and litter
(sample size for litter 3 was too smalH3] to conduct matrix analyses [Hemelrijk
1990a)).

To determine if the intervener was more likelydoget/join a preferred partner,
we compared a data matrix of play partner preferesoores with a second matrix
containing the proportion of times that each puigrgeted all other puppies during an

intervention. These proportion§;} were calculated as

wheren; is the number of times puppyntervened when pupgywas in a play dyad,
andt; is the number of timestargeted in n; interventions. A significant positive

correlation implied that interveners were morelijke target their preferred partners and
join their preferred partners’ opponents. Conversgkignificant negative correlation
implied that interveners were more likely to jolretr preferred partners and target their

preferred partners’ opponents.
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To determine if puppies displayed reciprocal asgmns in joining (e.g., if 1 join
you when | intervene are you more likely to join mieen you intervene?), we compared
a matrix containing the proportion of times eadelivening puppy joined each other
littermate with a second matrix that was the trasgpmpn of the first (Hemelrijk 1990a).

Calculations of values for the reciprocity matriene similar to those fof; above. A

significant positive correlation implied reciprocin joining; a negative correlation
implied reciprocity in targeting.

All statistical tests were two-tailed, and alphasvsat at 0.05.

RESULTS

We analyzed 7.10 hours of dyadic play from fotiets of puppies containing 39
total dyads, and we coded an average of 5.22 +riii bf play per dyad across all litters
and times combined. We recorded 574 interventionalf litters and times combined
(Table 1).

In times 1 and 2, many dogs intervened by bitingreg of the members in the
original dyad, although ‘jump on’ was also frequgnised (Fig. 1a-b). In time 3, jump
on’ was the most common intervention behavior fe#d by mounts (Fig. 1c).

The majority of interveners targeted most of tHeeopuppies in a litter across all
time periods (on average, between 85%—-90% of titteirmates).

Puppies did not preferentially target or join th@ieferred partners when they
intervened in dyadic play, and these results heldss time periods (rowwise matrix
testsK, =4,P=0.772, time 1K, =1, P=0.971, time 2K, = 1, P = 0.950, time 3; litter

1; K, =14, P =0.198, time 1, litter 2). (As noted above, weldawt calculate play

96



partner preference scores for litter 2, time djttar 4. However, using another measure
of play partner preference that correlated witly artner preference scores—i.e.,
proportion of play initiations measured at the dgdelvel-we obtained similar rowwise
matrix results for those litters and times repodbdve plus litter 2, time 2 and litter 4.)

For 19.5% of the interventions, the target coultbeidentified as either in the R
or AC role at the time of the intervention becalbisth puppies were in the same role
(e.g., both standing or both lying down). In thstref the interventions, puppies targeted
littermates in the R role more often (69% of thed) than littermates in the AC role
(GLMM: t3=6.44,P = 0.008). These results did not vary by sex or {i@eMM: F; 3=
0.13,P =0.721, sexFz 30= 2.07,P = 0.144, time).

Dogs did not display reciprocal associations inifgg (or targeting) in any litter
or time period (rowwise matrix tests; = -2, P = 0.888, time 1K, = -1,P = 1.000, time
2,K, =-9,P=0.334, time 3, litter 1K, = -8, P = 0.468, time 1K, = 15,P = 0.132, time
2, litter 2;K, = 0,P = 1.000, time 1, litter 4).

The outcome of interventions followed a similartpat across litters and time
periods. Triadic play was the most common outcoollewing an intervention, and
cessation of play was the least common outcome 2&ig). In 3.6% of all interventions,

the outcome could not be determined.

DISCUSSION

Overall, intervention behavior among littermateslomestic dogs appeared to be
primarily opportunistic with little regards for rigcocity in joining. Puppies were more

likely to target the dog in the R role at the tiofehe intervention, and this tendency
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became apparent very early in development (pridgrao 8 weeks of age). Additionally,
preferred play partner status had no significafgogfon an intervener’s targeting
preference.

In real fighting, as opposed to play fighting, &tigg the individual in the R role
is commonly seen across a variety of species imufuchale bonnet macaques (Silk
1992), bonobos (Vervaecke 2000), vervet monkeygi1i€h 1983), African wild dogs (de
Villiers et al. 2003), prepubertal spotted hyenéabel 1992), high-ranking children
(Grammer 1992), and wolves (Zimen 1976). TypicHiig strategy reinforces existing
dominance relations among parties (Zabel 1992)ekample, in African wild dogs,
interveners in conflicts generally target the doghie R role but are even more likely to
do so when the intervener is dominant to the taidgWVilliers et al. 2003).

Why might puppies prefer to target individualshe R role most of the time?
Pups may use interventions to improve their rankragrittermates. In domestic and
wild canids, play is thought to contribute to tleenhation of dominance relationships
within litters (Bekoff 1972). Although rank relatis among littermates of domestic dogs
became fairly stable by 15 — 16 weeks of age inesbreeds (James 1949; Scott & Fuller
1965), Scott & Fuller (1965) reported that in otbezeds (such as basenjis and fox
terriers) dominance relations continued to deveiloiil at least one year of age (the time
when follow up was discontinued). Furthermore,ugtamong littermates has only been
measured through food competition tests; no inféionaexists on when ritualized
displays of status (Schenkel 1967) stabilize. Thygpining a dog in the AC role, an
intervener might rise in rank relative to the dondhe R role if that individual becomes

less likely to challenge the intervener in the fatuBoth the intervener and the dog in the
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AC role may benefit even though the intention & fitervener is not necessarily to
provide coalitionary support. de Villers et al. (&) suggest that similar processes might
be responsible for coalitionary attacks againsostinate African wild dogs.

Additionally, if time spent in an offense role cugiplay among littermates
correlates with dominance outside of play as itsdoeunrelated, adult domestic dogs
(Bauer & Smuts 2007), then practicing offense bedrawhenever an easy opportunity
arises may confer benefits. We know of no dataepnaductive effects of dominance
status among dogs, but within litters of wolvesatieely low-ranking individuals may
leave the natal pack earlier than higher-rankingyes(Zimen 1976; 1981), possibly
incurring greater risks during dispersal (Bekofi/ells 1986). Also, wolf pups compete
fiercely with one another over food (Mech & Boit&tl03), and dominant pups may
receive more food and gain more weight than subatdilittermates. In one population,
weight in wolf pups was positively correlated wahrvival from age 3 months to 4 years
post-capture (Ballenbergh & Mech 1975).

Puppies might also target littermates in the R asl@ result of social facilitation
(e.g., do what the other is doing). Such behavamschot require complex cognitive
processes, but it may foster the mutual relianckcamesiveness necessary for the
synchronization of future group-related activitseegeh as hunting and territorial defense
(Zabel 1992). Although free-ranging domestic dogsmimarily scavengers, (Boitani et
al. 1995; MacDonald & Carr 1995), pariah dogs ididnwill sometimes group together
to hunt deer or drive intruding dogs off foraginghointing territories (Fox 1978). Nesbitt
(1975) reported on a pack of feral dogs preyingamg deer in the United States.

Social facilitation is also involved in predatosheep-chasing behavior and attacks by
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Norwegian Elkhounds (Christiansen et. al. 2001 )difidnally, larger groups of free-
ranging dogs in the mountainous region of centedy lWwere more successful at
defending food resources from smaller groups (Maclb & Carr 1995), and these dogs
also defended core territories (Boitani et al. )9&ven though interveners may be
acting opportunistically in the short-term by targg the dog in the R role, long-term
cooperative benefits could accrue to the group\akde.

Although interveners preferentially targeted tlog th the R role, they also
sometimes targeted the dog in the AC role. By tdnmounts became a relatively
common intervention behavior (Fig. 1c), and 91%lbfmounts were directed at the dog
in the AC role. Mounts are used in dominance tgdiikbrantes 1997) but also in mating
and sexual play (Scott & Fuller 1965), which miglatount for their increased frequency
in time 3—the time at which puppies begin to resekual maturity (Scott & Fuller
1965). Both males and females engaged in moumitegvientions at roughly equal
frequencies (45% of mounts involved male intervenddauer and Smuts (2007) found
that during play among unrelated adult domesticsdotale-to-male mounts occurred
almost 16 times more often than female-to-femalems We found no such difference
with littermates. Twenty-three percent of femaleumts were directed to other females
and 17% of male mounts were directed to other males

Puppies did not display reciprocity in joining cwgiinterventions in play.
Reciprocity may fail to occur because puppies waervening in play rather than in real
aggression. With real aggression, interveners oaperate (provide support) with either
the dominant or subordinate animal engaged in dicofde Waal & Harcourt 1992). In

this study, it is unlikely that puppies targeted ttog in the R role in order to support the
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dog in the AC role because in > 80% of intervergjactor and recipient roles could be
identified at the time of the intervention. Themefainterveners did not help to induce
submission, but instead took advantage of the dppity to practice being in an offense
position over a dog already in the R role. Simylaplivenile Japanese macaques do not
reciprocate in coalition formation (Prud’homme &dpiais 1996). Instead, juvenile
females use interventions opportunistically tousfice rank relationships by “winning”
contests with individuals that they may not be dbleegularly dominate in one-on-one

dyadic contests (Prud’homme & Chapais 1996).

Conclusion

Our findings suggest that during the socializatod juvenile periods of
development, littermates use interventions to praciffense behaviors directed at
siblings in subordinate roles. Littermates did me¢ targeting to initiate play with
preferred partners, and we found no evidence f@precity in joining, which suggests
that puppies are not targeting to provide coaldryrsupport, at least not during the
stages of development studied here. We proposgithiéie short-term, puppies
opportunistically intervene because winning in atest appears to be a goal in itself and
may be associated with the future acquisition atust However, over the long-term,
social facilitation (e.qg., the tendency for alltéwget the dog in the R role) may pave the
way for the development of more complex coopergbaenerships that facilitate group

coordinated behaviors such as hunting and temitdefense (Chapais 1996).
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Table 3-1. Summary of domestic dog litters

Litters Breeds Birthdate8 Sex Observation Time Aoe ronget
I compositio  dates  period§  WEEKSPF
puppies
Shepherd 14 3 February- 1 3-8
1 mri)x February 3 November 2 11-23
2004 2004 3 2740
5 Labrador 21 April 2 May-Octobe 1 3-8
retriever 2005 4 2005 2 10-23
3 Doberman 22 April 1 May-June 1 3.7
pincher 2004 2 2004
4 May May-June
4 Malamute 2005 4 2005 1 3-8

%Only surviving puppy listed?One puppy (female) from litter 1 died shortly afténth,
and two puppies (both females) from litter 3 diadrély after birth.°“Observations were
collected over three time periods.
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Table 3-2. Ethogram of intervention behaviors

Mount/mount attempt

Chin over

Nose jab
Over

Behaviour Definition
Bite 4NT takes hold of or attempt to take hold of anottheg's body with the
mouth.
Genital sniff INT sniff the genital region of anotréog while the other dog is lying
belly up.
Jump on INT jumps on, tags, pushes at or slamsainddher dog.

INT rears up (keeping hind legghe ground) to place forelegs on on
another dog's back. INT has a rounded spine withed front legs and
forepaws to grasp the other dog's torso. Pelvigsting may or maynot
be present. With an attempt, INT attempts a mountsbunable to
maintain position.

INT places the underside of chin overdtieer dog's back, usually right
behind the neck or near the other dog's shoulders.

INT rapidly pokes at another dog with tbeen

INT sits on, stands over, or lies over anotlogy with at least 25% of
INT's torso covering the other dog.

4NT = intervening dog.




Figure 3-1. Types of interventions
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The proportion of times each type of interventi@ewred. Results include data from
four litters in time 1 (a), two litters in time B) and one litter in time 3 (c). See Table 2

for an ethogram of behaviors measured. Age ramgedeks) of puppies: time 1 = 3-8,
time 2 = 10-23, and time 3 = 27-40.
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Figure 3-2. Intervention outcomes
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The number of times the following outcomes occuiretthe 5 s following an
intervention: Tl—intervener played with both menef the original dyad, PT—the
intervener played with the target to the exclusbthe other dyad member, PJ—the
intervener played with the non-target to the exolusf the target, DCP—the intervener
left and the original dyad continued to play, afd-Splay stops. Results include data
from four litters in time 1 (a), two litters in ten2 (b), and one litter in time 3 (c). Age
ranges (in weeks) of puppies: time 1 = 3-8, timel®-23, and time 3 = 27-40.
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CONCLUSION

The studies presented in this dissertation add@gsition, including
social cognition, in the domestic dog. Complex ¢oga behaviors have been
documented in taxonomic groups as diverse as pegnparrots, corvids, and dolphins.
In all of these species, social relationships atbeaheart of group living. Selection may
have favored advanced cognitive abilities for ingiixals living in complex social groups.
These advanced abilities may have aided individnatealing with the demands of
group living.

In addition to the species mentioned above, seaalivores also live in complex
social groups; however, there is little empiricatadon their cognitive potentials. This
study has addressed the need for comparative wodognition in social carnivores and,
at the same time, has examined the cognitive @sildf a domestic carnivore, both in the
social and non-social arenas. A broad-based apprtike the one taken here, provides
data that can be used to draw inferences abodtitieional significance of observed
behavioral patterns in species that may have expesd selective pressures similar to
dogs (e.g., social carnivores [wolves, lions, Adriovild dogs] and humans).
Additionally, we also compared our data on the ttgyment of social behavior among
littermates with the social behavior of adult dotiredogs to examine the timing of

behaviors and how specific behaviors are expressexts the lifespan.
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In Chapter One, we used two experiments to exathe@erceptual and
cognitive abilities of domestic dogs at quantitggment tasks in two experiments. In
experiment 1, we presented two food choices simetiasly to each dog (29 dogs
tested), and these choices were visually avail@blbee subjects at the time of choice. As
a group, dogs chose the larger quantity more dftan the smaller quantity across the
eight different comparisons tested, but they fodlode comparisons more difficult (e.g.,
1 vs. 4 was easier than 3 vs. 4). When we testedlogs from experiment 1 multiple
times on nine different quantity comparison in expent 2, they too chose the larger
guantity more often than the smaller quantity (¢bods 1-3), even when the food was
visually unavailable to the subjects at the timeladice (conditions 2 and 3). In
condition 2, we presented the food choices simattasly, and in condition 3, we
presented them sequentially. In condition 1 (expent 2), both dogs were more likely to
choose the larger quantity when distance betweantdies was large. However,
performances in conditions 2 and 3 varied by dag.dhe subject (Marty), distance
affected performance in condition 2 but not in dbdod 3. For the other subject (Acorn),
performance was independent of distance betweentitjga in both conditions 2 and 3.

This study demonstrated that some domestic dagp@&dorm on par with
chimpanzees and orangutans when tested on sirogentity-judgment tasks. Because in
most cases the dogs’ performance was related tandis between quantities, we suggest
that they are most likely using an approximateh@athan exact) mechanism of quantity
representation. Chimpanzees and orangutans alsssegy quantity (or number)
approximately, and their performances on quantitigment tasks are subject to distance

effects similar to that found with dogs. Humansrespnt small numbers, like those
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tested in this study, exactly rather than approx@éyaThis suggests that dogs perform
more like chimpanzees and orangutans and lestlikeans when judging the differences
between small quantities. Additionally, the fadttboth dogs were still able to choose
the larger quantity when we presented the foodesgtiplly (condition 3) rather than
simultaneously (condition 2), and the food was ailyuunavailable at the time of choice,
suggests that dogs, like apes tested on similks taan form internal representations and
make mental comparisons of quantity.

In Chapter’'s 2 and 3, we focused on social cogmiéind the development of
social relationships among littermates of domedigs. We videotaped behavior in four
litters of dogs when the puppies were between 3éndeeks of age (collection times
varied by litter). We divided data collection anthbysis into three time periods to
approximately coincide with critical periods in tbecial development of dogs. Time
period 1 reflected the early socialization peritighe period 2, the late socialization and
early juvenile period; and time period 3, the lateenile period.

In Chapter 2, we focused on play partner preferemnd asymmetries in social
play. We found that early in development, puppezsled to initiate play with most other
littermates, but later on, they focused their éf@n a smaller subset of partners. Early
play partner preferences formed prior to 8 weeksgaf (time 1) tended to be fairly stable
across time and were associated with later papiregerences measured when the
puppies were between 27 and 40 weeks of age (jmAtBough data on the
development of play partner preferences are scatmmpson (1996) demonstrated
similar findings in infant sable antelope. They,ttended to sample a variety of partners

early in development but then later concentratethiiating play with their most
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preferred playmates. Stability in choice of playesalvas also consistent over the
developmental time period measured (up through d&kw of age).

We also found that in no time period did play confdo the 50-50 rule, although
play was more symmetrical in time period 1 compaeetime periods 2 and 3. Our
results in testing the 50-50 rule are consistetit v@search on play in adult domestic
dogs. Adult dogs do not conform to the 50-50 rulerdy play; instead dogs dominant to
their current play partner outside the play contgrtmore likely to adopt the dominant
role during play (Bauer & Smuts 2007). Becauseusity all social behaviors in our
study occurred in the context of play, we did rit¢rmpt to measure dominance
relationships of puppies outside of play.

We examined the associations between offense baisgé@.g., chasing, forcing
partners down), initiations, self-handicapping, afaly bows and found significance in a
number of areas. Dogs who engaged in high ratefferise behaviors also initiated play
at significantly higher rates, but only in timeThis implies that winning during play
may become more important as puppies mature. Havweag is about more than just
practicing dominance or offense behaviors. Plag adgolves elements of cooperation.
For example, self-handicapping behaviors were pedjtassociated with play bows,
suggesting that self-handicapping, like play signalay function to indicate playful
intent. Similarly, adult dogs use self-handicappamgl play signaling in conjunction with
one another to facilitate play (Bauer & Smuts 2007)

In mixed-sex dyads, males initiated play, self-heapped, and engaged in
offense behaviors more than females. These fisfitvdings suggest that males may be

using play to gain skills useful in attracting ngatBata on feral dogs suggest that female-
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mate choice influences male reproductive succealsefRal. 1999); therefore, males may
initiate and self-handicap more often than femalerixed-sex dyads in order to learn
about female behavior and establish social bontstiwvem. However, males also
engaged in offense behaviors more often than fesnaiggesting that males may also be
practicing an alternative strategy—one relatecetaial coercion. In feral dog groups,
males will sometimes force copulations on young sexlally inexperienced oestrus
females, although these forced copulations ar@asiguccessful as copulations in which
the females cooperate (Ghosh, et al. 1984; P&l £999). Thus, we hypothesize that
males may use play to practice both cooperativecantpetitive strategies to gain future
mating opportunities. To test this hypothesis, lardjnal studies on feral dogs would
need to examine whether patterns of male play feithales early in development later
translate into increased male reproductive success.

Females initiated play with females more often ttraay initiated with males
across all time periods. This finding suggests slaate-sex play in females may serve as
training for intrasexual competition. In contrastmiany mammals, intrasexual aggression
in both wolves and domestic dogs tends to be menieuss among females than among
males (Derix et al. 1993; Sherman et al. 19964 Wolf pack, usually (but not always)
only the alpha female mates, and other subordieatales cooperate in rearing pups.
The alpha female works to suppress expansionadetemnes by other female pack
members year round (whereas male-to-male aggressaamcentrated around the
breeding season), although female-female tensi@nespecially high during the mating
seasons (Derix et al. 1993). The high incidendemifale-to-female aggression in

domestic dogs may be a reflection of their wolfestry. If one function of female-
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female play is to serve as practice for seriousagexual fighting, we would expect
females to engage in higher rates of offense behawith other females than with
males, given that fights between females and naakesincommon. Instead we found that
females displayed offense behaviors at similassrateether playing with males or
females. This suggests that females are probablglaging with one another primarily

to practice fighting skills. Instead females mighgfer to initiate play with other females
in order to develop social bonds and practice bieinsithat might ultimately serve to
ritualize aggression.

Males initiated play with males more often thanythretiated with females, but
only in time period 3. As with female-female playales may play with other male
littermates to establish social relationships waitie another that ultimately may help to
keep overt aggression in check. The less sericusenaf fights between adult male dogs
compared to fights between adult female dogs (Saerehal. 1996) may account for the
finding that males preferred to initiate play witiher males only in the latest time
period, whereas females preferred to initiate fiethales across all time periods.

Lastly, the types of offense and self-handicapjoelgaviors displayed were
similar across litters, suggesting that the expoassf these behaviors may follow a
similar ontogeny in puppies in general.

In Chapter 3, we examined the development of thady interventions in play
among littermates. We found that when dogs intezdan dyadic play, they
preferentially targeted the receiver (i.e., the dagpiving offense behaviors) rather than
the actor (i.e., the dog directing offense behayjiarost of the time. This finding is

consistent with the intervention literature thatpd@sizes “winner support”. Interveners
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did not preferentially target or join (i.e., notdat) their preferred playmates, and they
did not show reciprocity in joining.

Our findings suggest that littermates use intefe@stopportunistically to
practice offense behaviors directed at littermatesady behaving subordinately. In such
instances, an intervener does not need to forememal into a subordinate role but rather
simply takes advantage of a target animal whoresadly in a subordinate position and
receiving offense behaviors. If play in dogs ams$he formation of dominant-
subordinant relationships, as some researchergsuggcott & Fuller 1965, Bekoff
1972), it makes sense for individuals to practitferse behaviors whenever an “easy
opportunity” arises, especially if by continuallgapticing such behaviors, an individual
actually gains in status.

Additionally, third-party interventions might be ®@mway that animals can gain
competence when performing group-coordinated behswvsed in territorial defense and
cooperative hunting. Wolves hunt big game suchlgsieer, and even bison, and their
success in bringing down large prey depends heanilthe coordination of group
behavior. Even among feral dogs, who tend to beesagers, there are reports of packs
bringing down deer (Nesbitt 1975).

The studies described in this dissertation prowiele kinds of information on
cognition in domestic dogs, and further researatieiarly important. Below, | describe
future areas of research relevant to numericaitigisiland the development of social
behavior.

Further work on numerical cognition should incogdera larger sample of dogs

than used here (Chapter One) to examine quantkyrpent skills when quantities are not
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visually available at the time of choice (experim2nconditions 2 and 3). The two dogs
used in our sample could discriminate the largemfthe smaller quantity in conditions 2
and 3, but a larger sample would provide for gregémeralizability of our results to the
general dog population. As an extra challenge, dog#d be asked to distinguish
between three or more quantities in situations wilee food is both visually available
and unavailable at the time of choice. In the ctbonds where food was visually
unavailable at the time of choice (conditions 2 8hdve waited 3 s after covering the
plates before allowing the dogs to choose eithetalger or smaller quantity. This 3 s
limit could gradually be extended to determineupeer limit of time in which dogs
could keep track of quantities mentally and chqstnaally.

We are unsure as to why distance effects wereorc¢lated with performance
when food was presented sequentially and visual@vailable at the time of choice
(experiment 2, condition 3), even though both dstdschose optimally overall. A
similar breakdown of the distance effect also ommifor chimpanzees when they were
required to keep track of quantities mentally (Be2804). Research on the mechanisms
that account for this breakdown effect would beeegly interesting for comparative
work.

Future work on social cognition among littermatesild benefit by addressing
variability both within and across litters. In atudy (Chapter’'s Two and Three), we
focused on overall patterns across a variety addseand breed mixes, but research that
looks at breed effects would be especially intémgsfFor example, is the development of
social relationships among littermates differemtdogs that have been generally bred to

live and work in packs (e.g., huskies and manyefitounds) compared to dogs that
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have been bred primarily for human companionship. (enany of the toy breeds)? Does
social development vary depending on whether dog$r@e-ranging or “pampered

pets”? Additionally, what does the developmentasfial relationships among littermates
of wolves look like? Do ancient breeds of dogs dratmore genetically similar to the
gray wolf (e.g., Akita, Alaskan malamute, chow ch@tc.—see Parker et al. 2004)
develop more like wolf pups than breeds that ass tgenetically similar to the wolf?
Answers to such questions will expand the scopmofparative work among different
breeds and between dogs and other social carniasre®ll as between dogs and
humans. Addressing such questions will also comtgilgreatly to understanding how
social variations early in life between individuaietween breeds, and between dogs and

wolves compare with variations in adult social baba
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