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HIS IS A monumental work arising

from the love of dogs and the pursuit of
knowledge. Cynophiles, academics, animal
behaviorists (with and without institutional
degrees), literate dog owners, and anyone
who has ever wanted to know something spe-
cific or just plain more about dogs are in-
debted to Steve Lindsay for this labor of
love.

This treatise is an encyclopedia about
dogs: in-depth reviews and interpretations of
the literature pertaining to the dog’s history,
physiology, behavior, and interactions with
people, and explanations and evaluations of
training procedures, management strategies,
and problem-solving techniques. This book is
not limited to a review of the literature about
dogs but also discusses basic scientific disci-
plines and discoveries with other species that
pertain to understanding dogs. It is obvious
that Steve Lindsay has thoroughly read and
analyzed every publication he has refer-
enced—an increasing rarity in today’s press.
The summaries of research papers or theoreti-
cal discussions will suffice for some readers,

VICTORIA LEA VOITH, DVM, PHD

Foreword

but others will be compelled to obtain the
original works and read them.

Very practical and important aspects of
this book are Steve Lindsay’s training, treat-
ment, and management strategies regarding
dog behavior. Steve’s broad experiences in the
dog world have enabled him to integrate
valuable components of a variety of training
and management procedures. The techniques
are explained very thoroughly and in suffi-
cient detail that an educated person should
be able to understand and implement them.
His approaches are designed to achieve a sat-
isfying human-dog relationship from the per-
spective of both species.

This handbook will help dog owners and
many, many canine behavior consultants/
counselors and trainers. It will also stimulate
further discussion, observation, research, and
analyses, ultimately leading to more knowl-
edge about dog behavior and human-dog in-
teractions. I consider it the most valuable
publication about dogs since Scott and
Fuller’s classic text Genetics and the Social Be-
havior of the Dog, published in 1965.

Charter Diplomate of the American College of Veterinary Behaviorists

President, American Veterinary Society of Animal Behavior
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Introduction

Before you can study an animal, you must first love it.

KoONRAD LORENZ (Fox, 1998)

THE DOG has occupied an enduring place
in our cultural heritage as an icon of in-
terspecies cooperation and faithfulness. Spec-
ulation about the origins of this unique rela-
tionship continues to inspire lively debate
and discussion, but nothing definitive can yet
be said about the motivations guiding the
first dog keepers to capture and tame wild or
semidomesticated canids as companions and
helpers. Even less can be said about the vari-
ous functions these protodogs served or the
methods used by our ancestors to train them.
What is known suggests that the dog’s do-
mestication was not the result of a conscious
effort or stroke of genius, but rather the out-
come of a slow evolutionary process over
many thousands of years. The gradual biolog-
ical transformation of the wolf into the do-
mestic dog appears to have culminated in the
development of close social interaction be-
tween humans and dogs sometime during the
Stone Age. What form this relationship took
14,000 years ago is not known, but it is likely
that some practical implications of dogs were
recognized and exploited by ancient hunter-
gatherers. Most of the potential utilitarian
benefits arising from domestication would
have been of little use, though, if it had not
been for the simultaneous development of
the methods needed for managing and con-
trolling dog behavior. The obvious necessity
of behavioral control for early humans in
their various dealings with dogs led the natu-
ralist G. L. Buffon to write in the 18th cen-
tury, “The training of the dog seems to have
been the first art invented by man, and the
fruit of that art was the conquest and peace-
able possession of the earth” (quoted in Jack-
son, 1997).

Buffon’s suggestion that dog training was
“the first art invented by man” suffers from a
lack of empirical evidence. Nonetheless, it is
reasonable to believe that the practice of con-
trolling and modifying dog behavior to serve
human purposes springs from very ancient
roots that antedate the rise of civilization.
Early human association with animals as nat-
ural competitors and beasts of prey offered
ample opportunity born of strife and neces-
sity to develop an appreciation of animal
habits and various methods for controlling
animal behavior. Such information transmit-
ted from generation to generation would
have provided a viable cultural tradition of
animal lore for the development of dog train-
ing as an art of considerable sophistication.
From an early date, dogs have performed
many services, such as assisting human
hunters in the pursuit of game, giving alarm
to the presence of intruders, pulling sledge or
travois, providing warmth and comfort, as
well as offering playful distraction for chil-
dren. Practical uses aside, even the most ca-
sual interaction between humans and dogs
would have demanded a rudimentary under-
standing of dog behavior and the ability to
control it. Both biological changes (nature)
and cultural transmission (nurture) combined
to forge the primal human-dog bond—an
epigenetic process that is reenacted in the life
of every companion dog.

Despite the ubiquitous distribution of
dogs throughout the ancient world, historical
records describing their early use, breeding,
and training are relatively rare and incom-
plete. A few ancient authors wrote at length
on the subject of dog behavior, training, and
management, but, for the most part, many
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important details about the specific methods
used by ancient trainers to modify dog be-
havior are left to the reader’s imagination.
The writings of Xenophon are of particular
value in this respect, but even the patron
philosopher of dog and horse training pro-
vides only scant and scattered information
about how dogs were trained in the distant
past. Although occasional departures from
this pattern can be found, very few authors
took up the subject of dog behavior and
training as a serious area of study, at least un-
til fairly recent times. A turning point away
from this general neglect occurred with the
appearance of Darwin’s The Expression of the
Emotions in Man and Animals. Darwin’s evo-
lutionary theories and careful descriptions of
dog behavior exerted a profound influence on
naturalists sympathetic to his ideas, encour-
aging them to pay attention to dog behavior
as a way to understand better the origins of
human conduct. These developments played
an instrumental role in the advancement of
psychology and paved the way for a wider
scientific and popular interest in dog behav-
ior.

The scientific study of dog behavior and
psychology was placed on an experimental
foundation by the Russian physiologist Ivan
Pavlov. Pavlov and his many associates crafted
various experimental methods for studying
associative learning processes in dogs. The re-
sult of this revolutionary research was a col-
lection of detailed and exhaustive analyses of
the functional relations controlling the acqui-
sition and extinction of conditioned reflexive
behavior. Following in the wake of Pavlov’s
discoveries, subsequent developments in the
science of behavior and learning theory were
extremely energetic and enthusiastic, with
many thousands of studies being carried out
and their findings published over the ensuing
decades. In America, around the same time
that Pavlov was making his mark on the his-
tory of psychology in Russia, Edward
Thorndike was conducting a systematic study
of voluntary or instrumental behavior at Co-
lumbia University. His detailed observations
on how animals learn to escape from various
puzzle boxes through trial and error (or, as he
might prefer, “trial and success”) established
the study of instrumental behavior. Together,

Pavlov and Thorndike formed the intellectual
and methodological foundations for the ex-
perimental study of animal behavior and
learning. Most behavioral research in the
20th century can be traced back to the pio-
neering work of these two experimentalists.

Darwin’s evolutionary approach to the in-
vestigation of animal behavior was embraced
by another group of scientists, mainly com-
posed of Europeans, who emphasized the im-
portance of direct observation of species-typi-
cal behavior occurring under natural
conditions. Their efforts set the foundations
for the development of ethology. In America,
comparative (animal) psychologists, who, like
their European counterparts, were also inter-
ested in the evolutionary continuity of behav-
ior across species, also took up the Darwinian
banner. Unlike the early ethologists, however,
comparative psychologists stressed the need
for experimental methodology, thus limiting
their research to a few species (mainly pri-
mates, rodents, and birds) housed under lab-
oratory conditions.

These combined scientific efforts have
produced an authoritative body of knowledge
about animal behavior. Much of this infor-
mation is highly specialized, sometimes diffi-
cult to access, and often only available as iso-
lated research reports. Consequently, an
important purpose for writing this book has
been to draw upon these various trends in or-
der to establish a foundation of principles
and methods for understanding and manag-
ing dog behavior. The material reviewed for
this purpose has been selected based on two
general criteria: scientific validity and rele-
vance for the practical management of dog
behavior. In surveying the literature, I have
made a conscientious effort to review the
original materials. It became apparent early
on that many reports and secondary texts had
been either inappropriately interpreted or
generalized beyond what is justifiable by the
available data. I have done my best to avoid
such pitfalls and to correct errors of the past
where appropriate. The topics covered in
Volume One include origins and evolution,
ontogeny, neurobiology, senses, biological
constraints, classical conditioning, instrumen-
tal learning, aversive control, and behavioral
pathology. A concluding chapter examines



the human-dog relationship, including its
cultural and psychological significance.
Volume 2 (in press) covers the etiology and
assessment of behavior problems, aggression,
fear and phobias, separation distress, hyperac-
tivity, compulsive behavior, destructive be-
havior, and social excesses.

Many of the experiments described in the
following chapters were performed at a huge
cost of suffering for scores of laboratory ani-
mals, including thousands of dogs, experi-
mented upon for the sake of scientific curios-
ity and the advancement of our collective
knowledge. It is heartening to know that,
over the past decade or so, many reforms (of-
ten led by experimental scientists themselves)
have taken place with respect to the way ex-
perimental animals are treated and housed.
These regulatory changes would make many
historically important studies very difficult or
impossible to perform under the current
standards of laboratory animal care and wel-
fare. However, to ignore this significant body
of scientific literature because of the suffering
it has brought to laboratory animals would
be tantamount to a double injury. It seems
fitting that such knowledge should be applied
whenever possible for the benefit of those an-
imals whose sacrifice made it possible.
Morally speaking, there are no good or bad
scientific facts, but there are good and bad
ways in which experiments are performed
and scientific knowledge applied for practical
purposes.

Finally, dog behavior problems represent a
serious welfare concern. Currently, the vast
majority of dog behavior services are per-
formed by dog trainers, with a handful of
veterinary and applied animal behavior con-
sultants providing regional counseling ser-
vices through veterinary schools and private
animal behavior practices spread out thinly
across the country. It is difficult to pin down
exactly how professional services are divided
between these groups, but a recent survey by
the American Veterinary Medical Association
(1997) suggests that a relatively small number
of companion animals are referred for behav-
ioral counseling. The report estimates that
less than one-half of 1% of dog owners in the

INTRODUCTION xvii

United States utilized veterinary behavioral
counseling services in 1996. This is a some-
what surprising and puzzling statistic, consid-
ering that some authorities suggest that be-
havior problems represent a leading cause of
euthanasia, causing the death of more dogs
each year than die as the result of infectious
disease, metabolic conditions, and cancer
combined. Although this estimate appears to
be inflated (see When the Bond Fails in Chap-
ter 10), dog behavior problems do, undoubt-
edly, represent a significant source of distress
and death for dogs. Obviously, cooperation
between all applied animal behavior profes-
sionals is required in order to service the be-
havioral needs of the dog-owning public
most efficiently and effectively. Animal be-
havior counseling, dog training, and veteri-
nary behavioral medicine bring a variety of
specific contributions and unique strengths to
the practical control of dog behavior and the
management of dog behavior problems. Re-
cently, leadership from these various profes-
sional groups made the first tentative steps
toward constructive collaboration by estab-
lishing various educational programs, spon-
soring interdisciplinary forums, and organiz-
ing other mutually beneficial ventures.
Unfortunately, however, practitioners from
these various disciplines are not always famil-
far with the specialized knowledge and skills
utilized by others working outside of their
immediate domain or not sharing their aca-
demic and practical background. It is my sin-
cere hope that this book will play a construc-
tive role in ameliorating this situation by
bridging some of these gaps and contributing
to the process of professional and educational
reform of dog training and behavioral coun-
seling.

REFERENCES
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Origins and Domestication

For thousands of years man has been virtually, though unconsciously, performing

what evolutionists may regard as a gigantic experiment upon the potency of individ-

ual experience accumulated by heredity; and now there stands before us this most

wonderful monument of his labours—the culmination of his experiment in the trans-

formed psychology of the dog.

GEORGE ROMANES, Animal Intelligence (1888)

Archeological Record

Domestication: Processes and Definitions
Interspecific Cooperation: Mutualism
Terms and Definitions: Wild, Domestic,

and Feral

The Dingo: A Prototypical Dog
The Carolina Dog: An Indigenous Dog?

Biological and Behavioral Evidence
Biological Evidence
Behavioral Evidence

Effects of Domestication
Morphological Effects of Domestication
Behavioral Effects of Domestication
Paedomorphosis

The Silver Fox: A Possible Model of

Domestication
Selective Breeding, the Dog Fancy, and the
Future

Origins of Selective Breeding
Prospects for the Future

References

UNDERSTANDING THE dog’s behavior
and appreciating its unique status as
“man’s best friend” is not possible without
studying its evolution and domestication.
From ancient times onward, numerous
species have undergone pronounced biologi-
cal and behavioral changes as the result of
domestication. The purposes guiding these
efforts are as diverse as the species involved.

Utilitarian interests such as the procurement
of food, security, and other valuable resources
or services derived from the animal were
surely important incentives, but utilitarian
motives alone are not enough to explain the
whole picture, especially when considering
the domestication of the dog.

Many theories have been advanced to ex-
plain how the progenitor of the dog was orig-
inally tamed and brought under the yoke of
captivity and domestication. These theories
often include colorful portraits of primitive
life, motives, and purposes that rely on a
number of questionable and unprovable as-
sumptions about prehistoric existence
(Morey, 1994). For example, one popular
view suggests that humans may possess an
ageless and universal (innate?) urge to keep
animals as pets. Although this theory has
some attractive features, it is difficult to de-
fend scientifically. Certainly, dogs share an in-
timate place in Western society and are often
treated with affectionate care in many mod-
ern primitive cultures as well (Serpell,
1986/1996); nonetheless, one cannot exclude
the possibility that this so-called “affection-
ate” motive is a rather late cultural develop-
ment. Further, although it is true that keep-
ing pets as attachment objects is common
around the world today, one cannot jump
from this observation to the conclusion that a
similar set of motives guided ancient people
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to capture and domesticate wild animals. At-
titudes about animals and, in particular, dogs
appear to be guided by beliefs and customs
that are to a considerable extent conditioned
and dependent on cultural, economic, and
geographical circumstances (see Chapter 10).

Undoubtedly, a dog’s life during the early
stages of domestication was very different
than it is today. Over the centuries, the dog’s
functions have evolved and changed, some-
times dramatically, depending on the asser-
tion or absence of relevant cultural and sur-
vival pressures. In times of scarcity and need,
the defining motive for keeping dogs was
probably dominated by utilitarian interests;
whereas, during times of abundance and
well-being, dogs could be readily transformed
into convenient objects for affection, com-
fort, or entertainment.

ARCHEOLOGICAL RECORD

Despite the difficulties, discovering when and
how this enduring relationship first appeared
are questions of tremendous scientific interest
and importance. Authorities differ with re-
spect to the exact historical moment or time
frame, but many prehistoric sites show that a
close association between humans and dogs
has existed continuously for many thousands
of years. Although a loose symbiotic mutual-
ism probably existed long beforehand, the
earliest archeological evidence of a “true” do-
mestic dog is dated to 14,000 years before
the present (BP). The artifact (a mandible)
was unearthed from a Paleolithic grave site at
Oberkassel in Germany (Nobis, 1979, in
Clutton-Brock and Jewell, 1993). Protsch
and Berger (1973) have collected and carbon
dated canine skeletal remains taken at various
sites around the world, showing great antiq-
uity and geographical dispersion: Star Carr
(Yorkshire, England), 9500 BP; Argissa-Mag-
ula (Thessaly), 9000 BP; Hacilar (Turkey),
9000 BP; Sarab (Iran), 8900 BP; and Jericho,
8800 BP. One of the most famous of these
archeological finds is a Natufian skeleton of
an old human (sex unknown) and a puppy
buried together some 12,000 years ago at Ein
Mallaha in Israel (Davis and Valla, 1978).
The human’s hand is positioned over the

chest of the 4- or 5-month-old puppy (Fig.

1.1). One is moved by the ostensible inti-
macy of the two species buried together, and
even tempted to ascribe a feeling of “tender-
ness” to the embrace binding the person and
puppy together over the centuries.

The earliest remains of a domestic dog in
North America were found at the Jaguar
Cave site in the Beaverhead Mountains of
Idaho. These bones had been previously
dated from 10,400 to 11,500 BD, but radio-
carbon dating of some of the artifacts re-
vealed that they are “intrusions” of a much
more recent origin, with a probable age not
exceeding 3000 years (Clutton-Brock and
Jewell,

1993).

DOMESTICATION: PROCESSES AND
DEFINITIONS

Robert Wayne and his associates at UCLA
have performed a molecular genetic analysis
of the evolution of dogs and wolves, suggest-

F1G. 1.1. A Natufian burial site at Fin Mallaha in

northern Israel shows a human skeleton in what ap-
pears to be an “eternal embrace” with the skeletal re-
mains of a puppy located in the upper right-hand
corner. From Davis and Valla (1978), reprinted with
permission.
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ing that efforts to domesticate dogs may have
taken place much earlier than indicated by
the archeological record, putting the dog’s
origins back 100,000 years or more (Vila et
al., 1997). The researchers argue that these
more ancient efforts to domesticate dogs may
have occurred without producing significant
morphological change in the protodog, thus
explaining the absence of dog skeletal arti-
facts appearing before 14,000 years ago:

To explain the discrepancy in dates, we hy-
pothesize that early domestic dogs may not
have been morphologically distinct from their
wild relatives. Conceivably, the change around
10,000 to 15,000 years ago from nomadic
hunter-gather societies to more sedentary agri-
cultural population centers may have imposed
new selective regimes on dogs that resulted in
marked phenotypic divergence from wild

wolves. (1997:1689)

Although no physical evidence of domestic
dogs living with humans before 15,000 years
ago exists, skeletal remains of wolves have
been found in association with hominid en-
campments in China (the Zhoukoudian site)
from 200,000 to 500,000 years ago (Olsen,
1985).

Although contested in the past, the bio-
logical ancestry of the dog is now certain. On
the basis of both genetic and behavioral stud-
ies the dog is a domestic wolf. However, con-
siderable debate still surrounds the identity of
the closest relative among wolf subspecies.
Zeuner (1963) has argued that the most
likely lupine progenitor is Canis lupus pallipes
(the Indian wolf), a small Eastern variety. He
bases this assumption on both behavioral and
morphological considerations. The smaller
Indian wolf would have been less of a threat
to human encampments and would have
been more readily tolerated than the larger
and more aggressive northern varieties.

Olsen and Olsen (1977) have selected the
Chinese wolf (Canis lupus chanco) as the most
likely canid progenitor. They base their
choice on this wolf’s small size and mandible
morphology, noting that the apex of the
coronoid process (the uppermost part of the
jaw) turns back in both the Chinese wolf and
the domestic dog but not in the jaw bone of
other wolf species (Fig. 1.2). Clutton-Brock

Chinese Wolf
(Canis lupus chanco)

North American Wolf
(Canis lupus lycaon)

F1G. 1.2. Note how the apex of the coronoid process
(see arrow) tends to turn back. This feature is not
apparent in other subspecies of wolves, coyotes, or
jackals. It is a common anatomical feature found in
dogs, however, suggesting that the Chinese wolf may
have played an important role in the ancient domesti-
cation of the dog. From Olsen and Olsen (1977),
The Chinese wolf, ancestor of New World dogs, Sci-
ence 197: 533-535, reprinted with permission.

(1984) has identified Canis lupus arabs (a
western Asiatic wolf) and the European wolf
as the most likely ancestors of most modern
European breeds, with Canis lupus lupus hav-
ing a greater representation in the genome of
Arctic and European spitz-type breeds.

It is conceivable that the proliferation

of domestic dogs has been genetically in-
fluenced by several wolf subspecies at differ-
ent times and places, or owes its genetic past
to a wolf species that is no longer existent

(Fig. 1.3).

Interspecific Cooperation: Mutualism

By the end of the last glacial period, early hu-
mans migratory activities overlapped the
hunting range of competing predators, espe-
cially wolves. As nomadic people came into
contact with wolves, some members of the
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(1993).

wolf population may have been confident
enough to follow closely behind these mi-
grant hunting and gathering groups. By stay-
ing nearby, the ever-opportunistic wolves
could have easily tracked animals wounded
by hunters, thus securing an easy meal for
themselves at least until the advancing hunt-
ing party arrived at the scene. Also, by re-
treating and lingering at a safe distance,
wolves could scavenge on the slaughtered re-
mains left behind (Zeuner, 1963). Juliet
Clutton-Brock (1984, 1996) has speculated
that such a hunting partnership may have
played an important role in the development
and spread of the bow and arrow as a hunt-
ing tool during the Mesolithic period, argu-
ing that wolves or protodogs may have pro-
vided a significant advantage to early hunters
by tracking and subduing large animals
wounded by arrows fitted with sharp stone
heads called microliths. Besides forming an
effective hunting partnership, wolf-pack terri-
tories may have formed around human
camps, thus providing a natural protective
shield against the threat of predation by other

less friendly wolves and competing human
groups. Possibly, from this mutually benefi-
cial situation, an ecological niche was formed
from which the protodog underwent novel
morphological and genetic changes gradually
leading to domestic dogs.

Close social contact of this kind requires
that the animal in question possess a high
fear threshold and a reduced tendency to flee,
essential behavioral characteristics of domesti-
cation (Hediger, 1955/1968). Scientific evi-
dence for a genetically divergent distribution
of temperament traits based on relative tame-
ness and confidence among canids has been
demonstrated in the fox (Belyaev, 1979).
Among farm-bred foxes, a small percentage
exhibit a reduced tendency to act fearfully or
aggressively in the presence of people. By
breeding these less fearful individuals to-
gether over several generations, Belyaev has
developed a strain of tame, human-friendly
foxes (see below). Although a similar genetic
basis for social tolerance has not been
demonstrated in wolves, it is reasonable to as-
sume that a certain percentage of the Pleis-
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tocene wolf population was probably less
fearful and aggressive toward humans than
average wolves. The adaptive value of behav-
ioral polymorphism in wolves and its rele-
vance to domestication have been discussed
in detail by Fox (1971) and by Scott, the lat-
ter writing,

As a dominant predator the wolf is protected
from certain kinds of selection pressure, thus
permitting the survival of individuals with a
considerable variation from the mean. As a
highly social species, wolves should be subject
to selection favoring variation useful in cooper-
ative enterprises, as a greater degree of variation
permits a greater degree of division of labor.
For example, a wolf pack might benefit both
by the presence of individuals that were highly
timid and reacted to danger quickly and effec-
tively, and also by the presence of other more
stolid individuals who did not run away but
stayed to investigate the perhaps nonexistent

danger. (1967:257)

Similarly, Young and Goldman reported that
“wolves held in captivity have shown that in
each litter there are two or three whelps that
show tameness early; the remainder are ab-
solutely intractable and often die if one at-
tempts to train them” (1944/1964:208-209).
This prosocial population would have dis-
played a greater tolerance for human contact
or may have even been “preadapted” for do-
mestication—especially if they were not be-
ing actively hunted or persecuted.

Mutual tolerance offered many benefits
for both species. Early people who tolerated
scavenging and the proximate presence of
dogs enjoyed a hygienic benefit (resulting in
the control of garbage and pestilence) and a
protected perimeter of barking dogs, provid-
ing valuable early warning of approaching en-
emies. After a propitious length of time, per-
haps hundreds or thousands of years, such
loose symbiotic contact may have resulted in
the development of a specialized ecological
niche in which the most tame individual
wolves began to breed in close association
with people. This transitional step would
have taken place gradually, requiring little or
no purposeful intervention on the part of
early humans. Such a pattern of scavenging
around human encampments by feral and

semiferal dogs is evident in many parts of the
world today (Fiennes and Fiennes, 1968).
Even in large American cities, semiferal dogs
satisfy the majority of their nutritional needs
by scavenging (Fox, 1971; Beck, 1973). Alan
Beck (1973) has observed that stray dogs sat-
isfy most of their nutritional needs by raiding
garbage cans and relying on handouts when
garbage is not available. Handouts may have
been an important source of food for early
dogs as well. Domestic dogs exhibit a unique
proclivity and skill for food begging—a be-
havioral attribute that would have been very
useful for underfed primitive canines depend-
ing on human generosity for their survival.
As the result of a growing familiarity between
genetically “tame” scavengers and begging
dogs, early people had many opportunities
for close interaction, thereby making other
social exchanges possible, including the adop-
tion of pups.

John P. Scott (1968) has imagined that a
primitive mother, having lost her own child
and enduring the discomfort of lactation,
may have saved a wolf puppy from the camp
soup pot by adopting and nursing it as her
own. If, in addition, the wolf happened to be
a female, it might have chosen the camp as a
suitable place to give birth, resulting in a new
generation of even closer interaction and so-
cial affiliation. Although such a scenario can-
not be proven, it is statistically possible, even
plausible. Many examples of the suckling of
domestic animals by women have been found
among existing tribal cultures (e.g., the
Papuan of New Guinea).

Although primitive humans’ intentions
and purposes for keeping dogs in close prox-
imity are not known, a certain degree of so-
cial tolerance and mutual acceptance was
clearly present in both species. In addition to
various utilitarian or symbiotic benefits, early
interaction between humans and dogs surely
depended on a high degree of respectful def-
erence shown by early canids toward humans.
Dogs exhibiting threatening tendencies
would have been quickly expelled or killed,
and eliminated from the gene pool early in
the domestication process. Those animals ex-
hibiting submission behaviors and social sub-
ordination—that is, a readiness to respond to
human directives—would have been more
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likely to survive and to reproduce under the
protection of domestic conditions. Early do-
mestic dogs that also exhibited a high degree
of affection toward their captors would have
been brought into even closer intimacy, en-
joying added protection, better food, and
other survival advantages not extended to less
affectionate counterparts. As time went on,
various specialized functions could have been
elaborated out of this basic foundation, in-
cluding all the familiar roles served by the
dog today—for example, alarm barking and
protection, hunting activities, herding, draft
work, and companionship. Undoubtedly, at
some point in the natural history of humans
and dogs, interspecies tolerance and coopera-
tive interaction became mutually advanta-
geous, thus forging the foundation for a last-
ing relationship.

Terms and Definitions: Wild,
Domestic, and Feral

Reports following a recent fatal wolf-dog at-
tack exemplify some of the confused ways in
which terms like domestic, wild, and tame
are used. The victim, a 39-year-old mother of
two, was mauled and killed as her children
looked on near their Colorado home. Several
authorities were asked to comment on the
unusual attack. It was the first documented
case in which a wolf hybrid had killed an
adult person. A police detective investigating
the incident said, “They [wolf hybrids] may
be domesticated, but they’re still wild animals
subject to unpredictable behavior.” Another
authority, speaking for a local Humane Soci-
ety, commented, “Animals like that are not
tame. You can pet them but they are wild.”
The words tamed and domesticated are used
here interchangeably, as though they mean
about the same thing, roughly synonyms for
per. But this habit of usage is misleading.
Taming is a necessary prerequisite for domes-
tication, but taming alone is not sufficient.
Many wild animals can be readily “tamed” by
patient handling and socialization, but they
cannot be classified as domestic animals until
they have also undergone extensive behavioral
and biological change resulting from selective
breeding over the course of many genera-
tions. Such breeding is designed (consciously

or unconsciously) to enhance various behav-
ioral and physical characteristics conducive to
domestic harmony and udility.

The words wild and feral are also fre-
quently used interchangeably in popular dis-
cussions. The feral dog is not simply wild,
but is a previously domesticated animal that
has been released or has escaped back into
nature to reproduce and fend for itself. As is
discussed below, dingoes exemplify many
characteristic features of feral dogs, having
evolved from early Asiatic dogs that escaped
domestic captivity on reaching Australia sev-
eral millennia ago. Since that time, dingoes
have reverted to a feral existence with only
temporary symbiotic affiliations with hu-
mans. Dingoes have existed under such con-
ditions of quasi domestication for many gen-
erations without actually returning to a true
domestic state.

The Dingo: A Prototypical Dog

An excellent source of ethnographic evidence
outlining the general course of early domesti-
cation can be found in the enduring relation-
ship between the Aborigines of Australia and
dingoes. This symbiotic dyad provides a valu-
able anthropological picture of what life be-
tween primitive humans and early canids
may have been like during the earliest incipi-
ent stages of domestication. In most details,
dingoes differ only slightly from Asian wolves
(Canis lupus pallipes), except for modest be-
havioral and morphological changes associ-
ated with quasi domestication—for example,
variable tail carriage (sometimes carried in
the sickle-like form of dogs), some evidence
of piebald marking (especially on the feet and
chest), and occasionally lop-eared examples
are observed but are probably the result of
European hybridization. Like wolves, dingoes
do very poorly as domestic animals—even af-
ter they have been crossed with domestic
dogs (Trumler, 1973). The pelage of dingoes
comes in a wide variety of colors, including
black, white, black and tan, brindle, and gin-
ger tan—the most common color observed
(Corbett, 1995).

Meggitt (1965) has reviewed the relevant
recorded literature regarding dingoes and
their varied role in aboriginal culture. He has
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expressed skepticism regarding the usefulness
of dingoes in hunting. Some evidence sug-
gests, however, that a cooperative hunting re-
lationship may have existed at various times
and in ecologically specialized niches like
tropical rain forests. Aboriginal hunters have
been known to track free-ranging dingoes on
the trail of prey and taking it as their own
once the quarry was caught, leaving the din-
goes with scraps and offal for their efforts.
Corbett (1995) reports that the Garawa tribe
of northern Australia uses dingoes to track
and worry wounded prey, allowing the
hunters to catch up and dispatch the weak-
ened and distracted animal. However, in
other localities like the desert, camp dingoes
are driven back at the outset of a hunting ex-
pedition because they are considered a hin-
drance rather than an aid to a hunter’s
prospects of finding game (Gould, 1970).
Nomadic Aborigines hunt by concealment
and stealth, making dingoes of limited value
to such efforts. As an independent predator,
dingoes sometimes hunt cooperatively in
small pack units, especially when hunting
large prey (e.g., kangaroos). However, they
are seldom observed to congregate in such
packing groups. Of 1000 dingoes sighted by
Corbett and Newsome (1975), 73% were
solitary hunters, 16.2% were in pairs, and
only 5.1% were observed in trios.
Aborigines routinely collect puppies dur-
ing the winter months from remote denning
sites and rear the captured progeny to pu-
berty. Upon reaching sexual maturity, the
captive dingoes usually escape into the bush
to reproduce and never return. This pattern
of adoption and escape prevents the develop-
ment of a true domesticated dingo, since its
breeding is not actively controlled and di-
rected by human design. It should be noted,
however, that deformed or otherwise unsuit-
able puppies are culled and eaten, thus pro-
viding some degree of active selection. Fur-
ther, it is likely that those dingoes not
performing well under domestic conditions
are either expelled or killed. Although Abo-
rigines find dingo meat somewhat unpalat-
able, they will eat it if hungry enough. In
various parts of Southeast Asia and the Pacific
Islands, dogs are preferred over pigs and fowl
as meat. Corbett (1995) speculates that the

first dingoes reached Australia as cargo—a
source of fresh food—but, once having
reached shore, some may have fled into the
bush to give birth and to fend for themselves.

Apparently, some puppies belonging to
Aboriginal women are purposely crippled by
breaking their front legs to prevent them
from wandering off. A similarly pragmatic ra-
tionale may inform the constant pampering
(sometimes involving suckling) and attention
that dingoes are given by their Aboriginal
captors. Such caregiving interaction may es-
tablish a strong psychological “leash” of aug-
mented affectional bonding and heightened
dependency. In 1828, the explorer Major
Lockyer noted the strong emotional attach-
ment between the Aborigines and their dingo
puppies. He had taken a liking for a black
puppy in the possession of a native, offering
him an ax in exchange for the dingo. Urged
by his companions to accept the offer, the
Aborigine nearly conceded to the trade
“when he looked down at the dog and the
animal licked his face, which settled the busi-
ness. He shook his head and determined to
keep him” (in Bueler, 1973:102). These senti-
ments were later echoed by Lumbholtz (1884,
in Corbett, 1995), reporting that the Aborig-
ines treated their dingo puppies with greater
attention and care than given to their chil-
dren. He describes the character of this rela-
tionship and interaction in highly affection-
ate terms: “The dingo is an important
member of the family; it sleeps in the huts
and gets plenty to eat, not only of meat but
also of fruit. Its master never strikes, but
merely threatens it. He caresses it like a child,
eats the fleas off it, and then kisses it on the
snout” (1995:16). The treatment observed by
Lumholtz appears to represent an exception
rather than a general rule. While treated with
great fondness, the camp dingoes are often
maintained in poor health and fed the poor-
est scraps or nothing at all—forced to fend
for themselves on what they can find. Meg-
gitt (1965) points out that domestic dingoes
can be distinguished from free-ranging coun-
terparts by their starved appearance. Among
Aborigines, dingoes are kept mainly as pets,
as warm sleeping companions, as scavengers
of garbage and excrement, and as watch-

dogs.



10 CHAPTER ONE

Richard Gould (1970), an anthropologist,
made several interesting observations of the
interaction and bonding between Aborigines
and dingoes during a brief study involving a
remote group who had limited or no previ-
ous contact with Europeans. The group of
Aborigines in question lived in a remote and
barren area of the Gibson Desert called Pu-
lykara located in Western Australia. They ex-
isted on the meager bounty of desert fauna
and flora, mainly consisting of vegetable
food, although meat was preferred whenever
available. Among the 10 Aborigines forming
the group were 19 dingoes, 12 of which be-
longed to a single woman, whom Gould
christened the “Dog Lady.” Although the
dingoes were frequently petted and fussed
over, the people rarely fed them. He noted
that the dingoes were not only “the skinniest
dogs I have ever seen, but they were also
compulsive cringers and skulkers” (1970:65),
surviving on what they could find around the
camp or by stealing. Paradoxically, the people
expressed great sensitivity for their dingoes’
plight. One woman, upon receiving a piece
of candy from the researcher, covered her
dingo’s eyes so that the dingo could not
watch her eating it.

The Dog Lady is particularly interesting
because of the manner in which she pam-
pered and cared for her dingo companions.
While she rarely fed the animals, she took
great pains to make them comfortable. Dur-
ing the day, they slept under “shade shelters”
constructed out of branches and twigs that
she would periodically adjust in order to keep
them maximally protected from the sun.
While the desert days are hot, the nights are
freezing cold. The custom of the Aborigines
is to sleep around a small campfire, huddled
among dogs. The Dog Lady, as one might
guess, had most of the pack wrapped around
her, suggesting that a large motivation for
keeping so many dogs was comfort against
the cold desert nights. One night Gould at-
tempted to take a photograph of the group
while they slept with their dogs. The flash of
the camera startled the dingoes, causing them
to run away into the night. The people were
left shivering without their “doggy blankets.”
It appears from Gould’s observations that the
most important utilitarian function of the

camp dingoes for this particular group was
that of a living blanket.

The Carolina Dog: An Indigenous Dog?

Research led by I. L. Brisbin at the Savannah
River Ecology Laboratory is under way to de-
termine whether a dingolike dog that has
been discovered living in the Savannah River
Reserve and other remote areas of South Car-
olina is an indigenous dog with an ancient
lineage or a more modern counterpart that
has become feral (Brisbin and Risch, 1997;
Weidensaul, 1999). In either case, the Car-
olina dog portends to reveal important infor-
mation about the nature of domestication
and its reversal. Carolina dogs present a num-
ber of behavioral and ecological adaptations
that are not observed in other domestic dogs,
suggesting a unique evolutionary course of
development. For example, females exhibit an
unusual pattern of multiple estrous cycles
(3/year) as young dogs, with longer periods
between estrous cycles occurring as they grow
older. Brisbin and Risch speculate that this
pattern of reproduction is particularly adap-
tive under conditions where a high risk of
early death exists. A young Carolina dog
quickly produces one or more litters as soon
as possible after reaching sexual maturity. The
threat of diseases such as heart worm—a
mosquito-born condition that is rampant in
the South—may exert selection pressures that
favor dogs who exhibit a more frequent pat-
tern of estrous cycles. Another unusual fea-
ture exhibited by female Carolina dogs is
their tendency to dig dens in which to whelp
their young. Domestic dogs typically do not
dig dens before whelping their young. When
in estrus or after giving birth, females also ex-
hibit the rather unusual habit of burying
their feces by covering it with sand that is
pushed about by their nose. Another unusual
behavioral oddity found in these dogs is their
avidity for digging “snout pits’—small holes
dug in the shape of their muzzle. The func-
tion of such behavior has not been deter-
mined, but Brisbin speculates that the dogs
may be deriving some nutritional value from
eating the soil (geophagia). In addition, un-
like most domestic dogs, Carolina dogs ex-
hibit effective predatory behavior that enables
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them to survive independently of human
protection and care. A central hypothesis that
Brisbin is testing concerns the possibility that
the Carolina dogs may be a vestige of primi-
tive dogs that accompanied human migra-
tions across the Bering land bridge. Whether
the Carolina dogs possess a true dingolike ge-
netic ancestry is a question that is being cur-
rently evaluated through behavioral and mi-
tochondrial DNA studies.

BIOLOGICAL AND BEHAVIORAL
EVIDENCE

Biological Evidence

Domestic dogs interbreed with three wild
canid species: coyotes, jackals, and wolves.
Charles Darwin (1875/1988) discusses at
length in The Variation of Animals and Plants
Under Domestication that the variability and
diversity of the dog could only be adequately
explained by postulating an admixture of sev-
eral wild species represented in the canine
genome. Following in the tradition of Dar-
win, Konrad Lorenz (1954) also argued that
domestic dogs owe their genetic endowment
to a combination of canid bloodlines. He be-
lieved that the dog was first domesticated
from the jackal (Canis aureus) and only later
crossed with the wolf. However, upon subse-
quent reexamination of the behavioral evi-
dence, Lorenz (1975) reassessed and re-
formed his theory by substituting Canis lupus
pallipes in place of the jackal. An important
factor affecting his change of opinion was the

finding that jackals are much less sociable
and exhibit a distinctive howling pattern not
shared by dogs.

“The wolf, disarmed of ferocity, is now
pillowed in the lady’s lap.” This speculation
written by Edward Jenner in 1798 has turned
out to be true. The genetic and behavioral
evidence to date points uniformly to the wolf
as the exclusive wild progenitor of the dog.
Supporting this view is the fact that both
dogs and wolves share a very similar genotype
and readily interbreed. Testifying to the ease
with which wolves and dogs interbreed is the
growing population of wolf-dog hybrids. It
has been roughly estimated that approxi-
mately 300,000 wolf-dog hybrids are cur-
rently kept as companion animals in the
United States (Clifford and Green, 1991), al-
though these numbers have been disputed
and remain controversial.

Robert Wayne (1993) has confirmed the
close genetic relationship between dogs and
wolves by comparing the mitochondrial
DNA sequences of wild canids and dogs. Ac-
cording to this line of research, dogs are do-
mesticated wolves with only slight genetic al-
terations affecting developmental timing and
growth rates: “Dogs are gray wolves, despite
their diversity in size and proportion; the
wide variation in their adult morphology
probably results from simple changes in de-
velopmental rate and timing” (1993:220).
Both wolves and dogs possess 78 chromo-
somes (Table 1.1). Comparisons of canid
DNA sequences reveal that dogs are more
closely related to wolves than to coyotes. Al-

TABLE 1.1. The diploid chromosome numbers for canids showing a close relationship between the dog,

wolf, coyote, jackal, and other canids

Species Common name Range Chromosomes
Canis aureus Golden jackal Old World 78
Canis lupus Gray wolf Holarctic 78
Canis iatrans Coyote North America 78
Cuon alpinus Dhole Asia 78
Lycaon pictus African wild dog Sub-Sahara Africa 78
Speothos venaticus Bush dog South America 74
Chrysocyon brachyurus Maned wolf South America 76
Vulpes vulpes Red fox Old and New World 36
Alopex lagopus Arctic fox Holarctic 50

Source: After Wayne (1993:219).
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though coyotes can interbreed successfully
with dogs and produce fertile offspring, the
coyote is eliminated as a significant contribu-
tor to the dog’s evolution by virtue of geo-
graphical considerations. Any possible role
the coyote may have played in the origin of
the dog is negated by the fact that its range is
limited to North America and it is not found
in any of those areas associated with the dog’s
earliest appearance. The DNA sequencing of
the dog’s genotype differs from the wolf’s by
only 0.2%, whereas the coyote’s genotype dif-
fers by about 4%. Although the jackal may
be represented to some extent in the dog’s
genotype, the jackal does not appear to be an
important genetic contributor to the dog’s
evolution.

Behavioral Evidence

Another important source of evidence in fa-
vor of the primogenitor status of the wolf is
the behavioral similarity between the two
canids. Scott (1950) has compiled an
ethogram of dog behavior derived from ob-
servations of semiferal dogs maintained in
open-field enclosures and well-socialized
counterparts maintained under laboratory
conditions. He then compared these observa-
tions with field reports of wolf behavior. Of
the 90 behavior patterns exhibited by dogs,
all but 19 are also exhibited by wolves. Most
of the behaviors not described at the time of
Scott’s ethogram have been subsequently re-
ported by other observers (Mech, 1970; Fox,
1971). Scott’s study demonstrates that the
behavior patterns of dogs are very similar to
those of wolves.

An interesting example of behavioral par-
allelism between wild canids and dogs is the
play bow—an apparent invitation to play.
Bekoff (1977) has observed that the form
and function of the play bow is similar
among young dogs, coyotes, and wolves.
Among canids, the play bow is a stereotypic,
“relatively” fixed action pattern signaling
playful intentions. Another highly social and
affiliative display shared by dogs and wolves
is an enthusiastic greeting ceremony in which
reciprocal affectionate and solicitous behavior
is exchanged between pack members on re-
turn from excursions or upon waking from

sleep. The behavioral components expressed
during these animated displays include facial
gestures indicating pleasurable excitement
and vigorous tail wagging—the canid equiva-
lent of the human smile.

Besides the ubiquitous play bow and
greeting ritual, dogs and wolves share many
expressive facial and bodily movements em-
ployed to communicate threat and appease-
ment intentions. These behaviors occur un-
der various social circumstances, but
especially during ritualized dominance chal-
lenges and squabbles. Rudolph Schenkel
(1967) has analyzed in detail the submissive
behavior of wolves and dogs. His work is of
considerable historical and theoretical impor-
tance in the clarification of canid appease-
ment displays, particularly with regard to the
differentiation of active and passive submis-
sion behaviors (Fig. 1.4).

Understanding dog behavior rightly be-
gins with a study of wolf behavior. However,
a long history of domestication behaviorally
segregates dogs from wolves, and one must
take care not to overly generalize between the
two canids in terms of their respective moti-
vations and behavior patterns.

EFFECTS OF DOMESTICATION

Although it is doubtful that early humans
consciously deliberated upon the reproduc-
tive activities of their captive dogs, there cer-
tainly existed many unconscious selection
pressures. Dogs of special interest or useful-
ness were probably more carefully managed,
fed, and protected than others, thereby en-
hancing their chances of survival and repro-
duction. Darwin (1859/1962) reported strik-
ing evidence revealing the high regard and
protection that dogs enjoyed in some tribal
cultures. In support of the existence of such
unconscious selection pressures, he reports
that the tribal people of Tierra del Fuego
would sooner eat one of their old women in
times of famine than one of their favorite

dogs:

If there exist savages so barbarous as never to
think of the inherited character of the offspring
of their domestic animals, yet any one animal
particularly useful to them, for any special
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F1G. 1.4. Changes in bodily posture express relative dominance and submission. The dominant wolf can be

identified by his upright tail carriage. After Schenkel (1967).

purpose, would be carefully preserved during
famines; other accidents, to which savages are
so liable, and such choice animals would thus
generally leave more offspring than the inferior
ones; so that in this case there would be a kind
of unconscious selection going on. We see the
value set on animals even by the barbarians

of Tierra del Fuego, by their killing and
devouring their old women, in times of dearth,
as of less value than their dogs. (1859/
1962:51-52)

Morphological Effects of Domestication

The effects of domestication have resulted in
dramatic and extensive alterations of the
wolf’s morphology. The archeological re-
mains of the dog show a number of struc-

tural changes associated with domestication,
including smaller skeletal size, a short com-
pact muzzle, crowded dentition and propor-
tionately smaller teeth, ocular orbits set more
toward the front, the cranial capacity of the
skull is reduced, and, finally, the domestic
dog’s cranium is proportionately wider and
possesses a more sharply rising stop (Morey,
1992). Over the course of the dog’s domesti-
cation, the shape of its skull has been modi-
fied in two opposing directions (Fig. 1.5). In
the case of bulldogs, for example, the skull
has been simultaneously shortened and
widened, whereas in greyhounds it has been
lengthened and narrowed. Another important
morphological feature differentiating dogs
from wolves is the carriage of the canine tail.
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FI1G. 1.5. These skulls show the opposing tendencies
of shortening/widening (brachycephalic) and length-
ening/narrowing (dolichocephalic) of the cranium.

Most dogs carry their tails in either a tightly
curled or sickle-like shape—a tail shape that
wolves never (or rarely) exhibit. The general
conformation of the average dog differs con-
siderably from that of the wolf. The wolf’s
general physical structure is one of harmonic
cooperation between form and function. A
wolf’s shoulders are narrow with elbows
turned inward causing the front legs to move
along in a single line with the rear ones. The
coordination is so accurate and refined that
the hind feet follow in the tracks of the front
ones. The consequence is efficient locomo-
tion involving graceful trotting and loping
movements that are not commonly observed
in dogs.

An interesting physical oddity that can be
found on the feet of domestic dogs but not
normally exhibited by wolves is metatarsal
dewclaws. Many large breeds (Great Pyre-
nees, St. Bernards, Newfoundlands) exhibit
dewclaws on their hind feet. Some dogs even
exhibit a pair of vestigial dewclaws on their
hind feet; these vestigial dewclaws are at-
tached to the feet with little more than skin.
The absence of paired dewclaws in the briard

is a disqualifying fault. Alberch (1986) has

pointed out that dewclaws on the hind feet
are observed only among large dogs and are
rarely seen in smaller breeds like the Chi-
hauhau or Pekingese. He has proposed that
large dogs may exhibit such dewclaws as the
result of embryological differences occurring
early in development—that is, the embryos
of larger breeds have larger limb buds con-
taining more cells than smaller breeds. This
hypothesis, however, does not explain why
many large breeds do not exhibit metatarsal
dewclaws. Another possible explanation for
extra digitation is genetic drift or founders ef-
fect stemming from the early population of
dogs common to those animals exhibiting the
trait.

A great deal of attention has been focused
on anatomical differences between the dog’s
cranium and dentition and those of wild
canids. This reliance is partly due to the
paucity of complete dog skeletons in the
archeological record. Most existent remains
of the early dog are limited to the jaws and
teeth. An important morphological difference
between the wolf and the dog is that the lat-
ter’s canine teeth appear to be proportion-
ately smaller (Olsen and Olsen, 1977).
Morey (1992) has questioned the validity of
this widely held view and has proposed an al-
ternative explanation for the observed differ-
ences. He has argued that the body size of
some large breeds may have increased faster
than corresponding dentition size—that s,
the teeth have not become proportionately
smaller, but the body has become larger. He
points out that smaller dogs often have pro-
portionately larger teeth than wolves, suggest-
ing a similar alteration but in an opposite di-
rection—that is, the body has become smaller
at a rate faster than a proportionate decrease
in the size of the teeth. It should be noted,
however, that even for the untrained eye, the
canine teeth of wolves are impressively large
when compared with the canine teeth of av-
erage dogs. Although the dog and the wolf
share the same number of teeth (20 upper
teeth and 22 lower for a total of 42 perma-
nent teeth), the dog’s teeth are often crowded
together in a proportionately shorter and
wider jaw.
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TABLE 1.2. Some behavioral differences between the wolf and dog brought about through do-

mestication

Behavioral tendency

Wolf

Dog

General activity level

Exploratory behavior
Neophobia

Vocalization
Group howling
Barking
Yelping
Agonistic displays
Hip slams
Muzzle biting
and pinning
Vertical tail threat
display
Face licking (greeting)

High, varies with rank

High, varies with rank

Low threshold/slow
habituation

Very common

Rare—threat only

Absent

Common

Dominant display

Dominant display
Common—Ilow frequency

Varies with breed—hypo- or
hyperactive
Significant sensory specialization

High threshold/rapid habituation
Less common, includes barking
Common in many situations
Common

Rare—wolflike breeds
Rare—wolflike breeds

Threat—tail arched
Common—high frequency

Secondary social bonding ~ Weak
Trainability Weak
Allelomimetic behavior Strong
Dominance Complex, basically linear
Fighting Varies with rank
Sexual behavior
Maturation 2 Years

Female season Annual estrus

Male season

Seasonal spermatogenesis

Strong, except guard dogs
Strong

Strong in some breeds (hounds)
Common but highly variable
Varies according to breed

6-9 Months

Biannual estrus

Constant spermatogenesis

Source: After Fox (1978:253-256). See references following Chapter 1.

Behavioral Effects of Domestication

Although dogs share a great many behavioral
characteristics with wolves, the former have
undergone a tremendous transformation in
the direction of enhanced docility and affec-
tionate dependency as well as many other be-
havioral changes (Table 1.2). Price has argued
that these changes are probably not due to a
permanent loss of behavior, but rather reflect
quantitative alterations (lowering or raising)
of response thresholds mediating the expres-
sion of species-typical behavior:

With respect to behavior, it appears that
domestication has influenced the quantitative
nature of responses. The hypothesized loss of
certain behavior patterns under domestication
can usually be explained by the heightening of
response thresholds above normal levels of

stimulation. Conversely, lowered thresholds of
response often can be accounted for by exces-
sive exposure to certain forms of stimulation.

(1998:55-56)

Whether as the result of quantitative or
qualitative evolutionary changes, and despite
occasional atavistic examples to the contrary,
most dogs have lost the lupine carnivorous
drive and predatory behavior exhibited by
wild canids. Dogs appear content to eat prac-
tically whatever food they are given, even
though it is often far removed from the diet
which their ancestral progenitors enjoyed.
Most dogs, however, still exhibit a definite
preference for meat whenever it is available.
Dogs tend to mature physically and sexually
much more rapidly than wolves: the former
become sexually active (on average) between
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7 and 10 months, whereas the latter reach
sexual maturity at approximately 22 months
of age (Mech, 1970). There exists a great deal
of variation with regard to the onset of pu-
berty in dogs. Smaller dogs tend to reach pu-
berty earlier than larger ones. Dogs have be-
come polygamous and readily accept multiple
sexual partners, whereas wolves tend to be
more selective and monogamous. This
change in sexual preference away from a sin-
gle mate enables dogs to breed more freely
with partners defined by breeders—an essen-
tial facet of domestication. Another aspect
enhancing canine reproduction is the dog’s
biannual breeding cycle in contrast to the
wolf’s annual breeding cycle. Whereas male
wolves are able to breed only during a short
period once a year, male dogs can breed any
time a female is receptive. An interesting as-
pect of wolf sexual behavior involves the sea-
sonal control of spermatogenesis. At times
other than the breeding season, the male
wolf’s testes atrophy, rendering the wolf in-
fertile. Male dogs are not subject to such
variations of testes size or fertility. Dogs are
fertile all year round.

Two behavioral patterns exhibited by
wolves that have become strongly exaggerated
in domestic dogs are alarm barking and uri-
nary scent marking. Although wolves exhibit
both forms of behavior, they perform them
far less frequently than dogs. When alarm
barking does occur among wolves, it is a sub-
dued or whispered “wuff, wuff” sound. Ze-
uner (1963), however, has noted that the
southern Asian wolf (Canis lupus pallipes) has
been reported to bark in a manner resem-
bling that of the dog.

It should be noted that not all domestic
dogs are equally inclined to bark. The ab-
sence of barking in dogs belonging to native
American Indians was frequently noted in the
journals of early observers (Young and Gold-
man, 1944/1964). In fact, Spanish explorers
of the New World referred to native dogs as
perros mudos (mute dogs). These native dogs,
however, gradually acquired the habit of
barking, presumably as the result of close
daily contact with their more vocal Euro-
pean-bred counterparts. This observation
suggests that the tendency to bark may be so-
cially facilitated or learned. Barking definitely

has a contagious quality, as anyone who has
lingered about the outside of a kennel can
verify. Interestingly, European-bred dogs ap-
pear to have been affected by this “canine
cultural exchange” but in a reverse way.
Columbus is reported to have complained
that his European-bred dogs had lost some of
their valuable inclination to bark as the result
of contact with the “mute” native dogs
(Varner and Varner, 1983).

Even among modern breeds, the tendency
to bark is marked by wide variability. Al-
though many dogs bark a great deal (e.g.,
Shetland sheepdogs), others do so only infre-
quently (e.g., Akitas), and some nearly not at
all (e.g., basenjis). The advantage of a lower
response threshold for barking may seem ob-
vious to the average homeowner, but Cop-
pinger and Feinstein (1991) have disputed
the functional and communicative value of
the dog’s barking behavior. They have argued
that barking behavior is poorly directed, ex-
cessively ambiguous, “indecisive’—even
“meaningless.” They conclude that the dog’s
increased tendency to bark is an inadvertent
symptom of domestication, that is, a paedo-
morphic elaboration and by-product, rather
than a genetically selected tendency. Clutton-
Brock (1984) has argued the opposing point
of view, stating that it is likely that the dog’s
barking behavior has undergone “intensive
selection” because of its value as an early
warning that signaled the approach of intrud-
ers. Undoubtedly, considerable attention has
been focused on the selection of alarm bark-
ing by dogs. A dog exhibiting such barking
would naturally have been more valued as a
protector than a dog not moved to bark at
strange or suspicious sounds. Among trailing
hounds, the melodious baying or “voice” is a
highly valued breed feature that has been
carefully selected for in the breeding of such
dogs.

Spectrographic analysis of the dog’s bark
reveals that it is a composite of growling
(threatening) tones and whining/yelping (dis-
tress or appeasement) tones, making the bark
itself appear ambivalent or flexible with re-
gard to intention and meaning. Coppinger
and Feinstein (1991) contend that such am-
bivalence of meaning reduces the value of the
bark as communicative signal. It may be pre-



Origins and Domestication 17

cisely the bark’s flexible ambivalence, though,
that makes it so communicative and mean-
ingful. The bark as a signal is composed of
the two extremes of threat and distress on a
continuum admixing these two opposing in-
tentions and sources of meaning. To define
precisely a dog’s current intentions, which
may, in fact, be ambivalent or expressive of
any number of other graduated shades of in-
tention, the bark leans intentionally in the
direction of increasing threat or distress as re-
quired by the situation. A growling, deep-
throated bark thrust forward with forceful
bodily movement is clear to any intruder ap-
proaching a guard dog, just as the insecure
yapping of a separation-anxious dog is clearly

understood as a distress call for social contact.

Often the precise meaning of any particu-
lar segment of barking depends on the pres-
ence of additional context-related informa-
tion specifying a more exact delineation of
the intent motivating the barking behavior—
for example, the dog barking to be let out-
doors may also scratch at the door. Fox
(1978) has interpreted the hypertrophy of ca-
nine barking behavior in terms of an expand-
ing set of situations in which the bark is used
as a signal. As a result, the meaning of the
dog’s bark has suffered in terms of specificity,
making it necessary to incorporate other sup-
plemental signals to help specify a more exact
intention and meaning. These supplemental
signals belong to other sensory modalities
(e.g., sight, smell, and touch). Barking, from
this perspective, is a general means of attract-
ing attention to more specific communicative
signals. However, this altered function of
barking is far from meaningless, but signifi-
cantly extends—rather than limits—the dog’s
ability to communicate. Barking is not an ar-
bitrary activity, but a highly adapted commu-
nicative system used to express various inten-
tions or states of alarm, conflict, and need.

Many dogs exhibit an almost compulsive
urge to investigate and scent mark the envi-
ronment with urine. Such excessive urinary
scent marking is not observed among wolves.
Although an urge to communicate appears to
motivate the habit, the precise meaning and
purpose of scent marking by dogs is not
known. Scott (1967) has argued that canine
scent marking does not serve a territorial

function, but rather functions more or less to
communicate that the dog has been recently
in the area. Overmarking may be used by a
dog to personalize its surroundings, thereby
making them more familiar and secure. If
there is an anxiety-reducing aspect associated
with scent marking, it may help to explain
the often excessive character of such behavior
and some common behavior problems associ-
ated with it. Recent studies involving stray
and feral dogs indicate that, under “natural”
conditions, scent marking and territorial de-
fense may assume a more wolflike character
among such dogs (Font, 1987; Boitani et al.,
1996). Among wolves, scent marking is asso-
ciated with the declaration of territorial rights
or rank (Peters and Mech, 1975). Their uri-
nary scent marking occurs most frequently
during the breeding season and is the prerog-
ative of the alpha male and female. Subordi-
nates usually urinate by squatting.

Besides the aforementioned social and ter-
ritorial functions of lupine scent marking,
Harrington (1981) has found that urine
marking is also employed by wolves to iden-
tify emptied caches of food. He observed
wolf urine marking activity around caches
that he had prepared by digging large holes
and placing several chicks into them. He ob-
served that wolves rarely (and then, perhaps,
by mistake) urinated on caches containing
food, whereas they consistently urinated on
caches emptied of their content. The empty
cache often was marked rapidly (within a
minute or so) after it was emptied, usually by
another wolf. Harrington speculates that such
urine marking is employed to render ex-
ploitation of caches more efficient. The smell
of urine signals to foraging wolves that no
more food is available in the cache despite
the presence of lingering food odors.

Another behavioral area where dogs signif-
icantly differ from wolves involves the display
of aggressive behavior patterns. An average
dog is much more docile, submissive, and
trainable than a wolf. These qualities make
dogs more responsive and adjustable to life in
close association with humans. Although do-
mestic dogs are not entirely free of trouble-
some dominance testing and even aggression,
wolves, on reaching sexual and social matu-
rity, tend to compete much more aggressively
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and earnestly for social status. The fighting
styles of dogs and wolves differ significantly.
Dogs, for instance, tend to limit their attacks
to the head, neck, and shoulder. Wolves, on
the other hand, make greater use of body
blocks and, during damaging fights, may at-
tack extremities—injuries to which render an
opponent very vulnerable. Another important
difference between wolves and dogs is the lat-
ter’s social openness and tolerance toward
strangers. Dogs are typically much more
friendly toward strangers than are wolves, and
appear to treat outsiders as members of an
extended pack-family, whereas wolves become
progressively xenophobic and intolerant of
strangers not belonging to their immediate
pack.

An important influence of domestication
on the behavior of dogs is the attenuation of
predatory instincts. Wolves possess a set of
innate predatory behavior patterns that are
readily evoked by an adequate stimulus.
When presented with a prey animal, wolves
respond in a species-typical manner by emit-
ting an appropriate series of behavioral se-
quences, ranging from crouching, stalking,
worrying, charging, pouncing, biting, and
shaking. Faced with the same prey stimulus,
dogs may do little more than play or tease
the target animal. The predatory response of
the wolf is so constant and uniform that the
relative amount of lupine heredity expressed
in a wolf-dog can be roughly estimated by
comparing its behavior with a wolf serving as
a control (E. Klinghammer, personal commu-
nication). The display of predatory behavior
by wolf-dog hybrids is of considerable con-
cern, especially with regard to young children
who, in their awkward movements and
screaming, may appear as distressed prey to a
poorly socialized hybrid.

Many authorities have speculated that
wolves are more intelligent than dogs, some-
times attributing this alleged difference to the
fact that wolves must “work” for their living.
Another line of reasoning correlates variations
in proportional brain sizes with relative intel-
ligence. Hemmer (1983/1990) has estimated
that the domestic dog’s brain is 25% to 45%
smaller than the brain of the northern wolf
(Canis lupus lupus), depending on several ge-
netic and habitat (geographic and climatic)

variables. The majority of European breeds
are ranked at an intermediate level, ranging
between 25% and 35% smaller than the
wolf. A great deal of variation exists among
the various breeds, but none of the modern
breeds exhibit a brain size (relative to bodily
proportions) comparable to the northern
wolf varieties. Although these measurements
are very suggestive and statistically signifi-
cant, differences in intelligence can not be di-
rectly extrapolated on the basis of brain size
alone.

Although such speculation is fascinating,
it may be more productive to study relative
intelligence among canids by comparing their
performance under controlled conditions and
to discuss intelligence in terms of quantifiable
learning skills and problem-solving abilities.
Further, there may not exist a general intelli-
gence factor per se, but rather a set of various
talents or individual “intelligent” abilities.
Frank and Frank (1983) have found that
wolves perform problem solving and other
insight-driven learning activities better than
dogs, whereas dogs perform tasks involving
rote learning and inhibition better than
wolves. However, it should be noted that
wolves are much more reactive to forceful
handling than are dogs, the former being
quick to deliver warning bites or to retreat
whenever they are exposed to such treatment.
Consequently, it is hard to judge from their
experiment whether intelligence or reactive
emotionality is being measured. Another pos-
sible factor confounding their results is the
effect of competing species-typical avoidance
reactions (Bolles, 1970), which are adjusted
through domestication to a higher threshold
in dogs than in wolves.

Other researchers have found a similar dif-
ferentiation of learning abilities in wolves and
dogs as that reported by the Franks above.
For example, Hemmer (1983/1990) found
clear differences between dogs and wolves in
problem-solving abilities. In his simple test,
animals were tethered in front of a short
length of cord that was attached to a piece of
food placed just out of their reach. By ma-
nipulating the cord, the subjects could pull
the food toward themselves and eat it. Most
of the dogs tested eventually solved the prob-
lem, given enough time. The wolves solved
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the problem rapidly, with some of them solv-
ing the problem without hesitation on their
first attempt—an apparent display of insight
that was not exhibited by any of the dogs.
Mech reports an anecdote involving a high
degree of insight learning in a wolf who had
learned how to escape from his pen:

Once a wolf has learned how to escape from a
pen, for example, it is almost impossible to
keep the animal in. One such escape artist I
knew learned to raise a drop door in its pen by
jumping to the top of the eight-foot-high pen,
and grabbing with its teeth the door cable on
the outside of the pen, which was exposed to
the inside through a three-inch gap. By jump-
ing up and grabbing the cable, the wolf could
lift the door at the bottom of the cage. After
the wolf raised the door many times, it stuck
in the “up” position, and the wolf ran out!

(1991:26)

Humphrey and Warner (1934) reported early
efforts to train wolf-dog hybrids for police
and military work. They found that the hy-
brids did well on leash, but became uncon-
trollable when they were worked off-leash.
Macintosh (1975) found that dingoes are vir-
tually untrainable in obedience. Even the in-
tensive efforts of well-experienced police dog
trainers were unable to obtain “anything re-
sembling obedience” in dingoes.

Paedomorphosis

Many of the changes occurring as a result of
domestication appear to involve the prolon-
gation of puppylike or juvenile characteristics
into adulthood. The overall outcome is a
neotenization of the wild prototype—a
process in which maturity is developmentally
delayed and growth rates altered (Fox, 1967).
In many ways, an adult dog behaves and
looks like a juvenile wolf. All of these charac-
teristics (soft coat, curled tail, skinfolds,
floppy ears, and short legs) give the domestic
dog a puppylike appearance when compared
with the wild visage of the wolf. Among the
most neotenous of the modern breeds are
various Eastern “toys” like the Pekingese,
shih-tzu, and Japanese spaniel. These breeds
are not only socially dependent and diminu-
tive, they are soft and cuddly to touch and

can be easily held on the lap or embraced like
a baby. Behaviorally, they are very receptive
to the admiring attention of their human
keepers and happily entertain hours of affec-
tionate handling and petting. In addition,
such toy breeds exhibit other notable infan-
tile characteristics that invite parental care,
including protuberant and tearing eyes,
brachycephalism (extreme shortening of the
muzzle), short legs, a “cute” curly tail, and
foppy ears.

Along with the aforementioned structural
changes, several behavioral changes can be
detected in the direction of youthfulness.
These behaviors are usually exaggerated forms
of neonatal behavior topographies normally
perpetuated into adult behavior and inte-
grated into the animal’s social signaling sys-
tem. Zimen (reported by Fox, 1971) has
compared the emergence of social behavior in
the wolf and the domestic dog (standard
poodle). He found that dogs exhibit a pro-
nounced delay of social spacing, as defined by
social distance and the number of direct con-
tacts between conspecifics, in comparison to
the time table followed by wolves. By 6
months of age, wolves begin to distance
themselves from other conspecifics, whereas a
corresponding behavior does not appear in
dogs until 12 months of age. By the time
wolves are 18 months old, they exhibit adult-
like independence under open-field condi-
tions, ranging far and wide from compan-
ions. Poodles, on the other hand, were never
observed to split off from group members for
any length of time.

On the whole, domestic dogs appear in
many respects to act like 4- to 6-month-old
wolf puppies. This tendency is also reflected
in patterns of daily activity. Adult wolves
tend to follow a crepuscular pattern of activ-
ity, being most active in the early morning
and evening, whereas the young wolves ex-
hibit a more erratic activity pattern, moving
more rapidly from periods of rest to activity
than the adults. Adult poodles are much
more like immature wolves in this regard, be-
ing more easily aroused into spontaneous ac-
tivity than adult wolves. Zimen interprets
these developmental differences as a paedo-
morphic phenomenon resulting from the
dog’s domestication.
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Zimen (1987) has also noted that dogs are
distinguished from wolves by the ease with
which dogs form social affiliations with hu-
mans. Wolves only form social bonds with
humans in the absence of adult conspecifics
and fear. Dogs, on the other hand, readily
form such attachments, often preferring hu-
man contact over contact with conspecifics
when given the choice. Zimen concludes that
besides “reducing flight tendencies, domesti-
cation has thus strongly increased the motiva-
tion to seek social contact with man”
(1987:290). Although wolves can be tamed
and socialized to a great extent, they never at-
tain the full range of social responsiveness
that is exhibited by most domestic dogs.
When the two species are compared as
adults, dogs appear to be much more playful
and socially flexible than wolves. Social
“promiscuity” is an innate temperament
feature of dogs that has resulted from
many generations of unconscious selection
for reduced agonistic behavior and
playfulness:

Unlike the wolf, many dogs show not the least
wariness towards strange people, and immedi-
ately accept them, showing passive and active
submission behaviour. This type of dog—its
temperament and general demeanor—certainly
resembles that of a five-week-old puppy or
wolf cub trustingly accepting all comers. It is
not inconceivable that this behavioural paedo-
morphosis, or perpetuation of infantile behav-
iour patterns into adulthood, and the absence
of fear of strangers are the result of generations
of domestication, facilitated by early socializa-
tion to a wide variety of people in different so-
cial situations. ... This “wariness”, which is so
characteristic of the wild temperament of the
wolf, appears to have been selectively elimi-
nated in many breeds of domesticated dog.

(Fox, 1971:154)

Frank and Frank (1982) have confirmed
many of Zimen’s observations regarding the
behavioral neotenization of domestic dogs
and have contributed several interesting find-
ings of their own. In their study, the develop-
ment of the malamute and the wolf were
carefully compared along several behavioral
dimensions. Considerable differences be-
tween the two animals were observed in gen-
eral activity and sleep-wake patterns, aggres-

sion and agonistic play, the degree of sexual
dimorphism, ritualized aggression, and domi-
nance ranking. Malamutes tended to lag de-
velopmentally behind wolf pups up until
around 10 weeks of age, when the earlier mo-
tor differences disappear. Socially, the mala-
mutes were found to be more outgoing and
receptive to social contact with people than
were the wolf pups. Unlike the malamutes,
who actively solicited attention and contact
with people, the wolf pups exhibited varying
degrees of wariness, avoidance responding,
and flight behavior from weeks 6 to 8 on-
ward. In general, wolf pups exhibited a defi-
nite social preference for contact with other
canids (in spite of having received greater
amounts of direct socialization with human
handlers), whereas the malamutes displayed a
stronger preference for human contact than
for canine contact. The malamutes also
tended to be much more independent of the
foster mother than were the wolf pups. Al-
though the malamutes exhibited a friendly,
deferential excitement toward the foster
mother on her return after a brief period of
separation, human handlers were met with an
effusive and prolonged “greeting frenzy” not
displayed otherwise.

The general activity level of malamutes
during the first 6 weeks of life was much
lower in comparison to that of wolves. The
malamutes slept longer and more deeply than
wolf puppies. The wolf pups engaged in
more exploratory behavior of various kinds,
ranging from “manipulating, dragging, chew-
ing, stalking, shredding or carrying objects.”
An unexpected finding was the high degree
of intense aggressive behavior exhibited by
malamute puppies as early as 2 weeks of age
and the delayed appearance of agonistic play
until around week 4 or 5. Social interaction
between wolf pups peaked around 8 weeks of
age and then progressively declined, whereas
such interaction steadily increased among
malamutes through the age of 4 months. Ac-
tive and passive submission behaviors were
exhibited by the wolf pups during greeting
rituals, begging displays, and play, but were
not exhibited in response to dominance chal-
lenges by adults until after the pups were 12
weeks of age. Some sexually dimorphic ten-
dencies were also evident in the behavior of
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malamutes that were not exhibited by wolf
pups. Female malamutes tended to be less ag-
gressive, less socially assertive and demanding
of attention, and less competitive over food
and toys. Hart and Hart (1985) have noted a
similar distribution of behavior along sexually
dimorphic lines in a wide variety of domestic
dog breeds.

Among several highly adaptive domestic
features exhibited by the malamutes, the re-
searchers found that the dog puppies were
more fastidious and careful to avoid fecal ma-
terial than were wolf pups. They speculate
that unconscious selection pressures may have
contributed to the malamute’s high degree of
cleanliness. The malamutes deposited their
feces well away from their immediate nesting
area from 32 days onward. Also, during feed-
ing, the malamutes were more receptive to
bottle nursing and accepted the transition to
solid food more rapidly. An interesting fea-
ture distinguishing the malamute from wolf
pups is the former’s conspicuous appearance
of immaturity and marked motor awkward-
ness in comparison with the wolf. As previ-
ously noted, the malamutes are more quiet
and “peaceful” as puppies, spending more of
their time sleeping or resting. The resultant
image is one of helplessness and innocence:
“In a sense, man has created the domestic
pup in the image of an idealized infant”
(Frank and Frank, 1982:515). The authors
speculate that the prolongation of these qual-
ities in domestic puppies facilitates greater at-
tention, protection, and nutrition from their
caretakers. An important feature of prolonged
immaturity, vulnerability, and dependency is
the establishment of a strong affectional bond
between the “parent” and the animal, thereby
forming a secure foundation for a lasting re-
lationship along with many significant bio-
logical advantages. Interestingly, Frank and
Frank (1982) note in this regard that the
wolf foster mother showed a definite prefer-
ence for the easier to manage and “cuter”
malamutes. She washed them more fre-
quently, spent much more time with them
(two to three times as much), was more pro-
tective against intruders, exhibited more dis-
tress when separated from them, and played
more often and longer with them than with

the wolf pups.

Coppinger and associates (Coppinger et
al., 1987; Coppinger and Schneider, 1996)
have studied the effects of neoteny on the
evolution of working dogs. They have argued
against a trait-by-trait accumulation of breed
characteristics in favor of a more generalized
process of biological change. According to
this theory, early selective pressures were fo-
cused more on general behavioral tendencies
like tameness and utilitarian function than
specific physical characteristics. Apparently,
these early breeding efforts were guided by a
“form follows function” philosophy. Only af-
ter the functional behavioral phenotype had
been well established did breeding efforts
turn to the refinement of appearances and
conformation to type. These behavioral phe-
notypic changes were largely the result of
neotenization. Typically, traits that are associ-
ated with tameness (playfulness, dependency,
and care seeking) in adult domestic dogs are
traits exhibited by juvenile and adolescent
wolves. A factor of considerable importance
in the process of neoteny is the timing of sex-
ual maturity. There appears to be some link-
age between precocious sexual maturity in
dogs and the retardation of adult wolflike be-
havior patterns. An important result of early
sexual maturation is the concordant appear-
ance of loosely organized, playful patterns of
behavior that resist articulation into phyloge-
netically functional motor sequences as ex-
pressed by adult wolves. These loosely orga-
nized neotenic behavioral patterns make
domestic dogs much more receptive to train-
ing and socialization than are wolves. Accord-
ing to Coppinger’s theory, working dogs (sled
dogs, livestock-guarding dogs, and herding
dogs) are distinguished by their relative de-
gree of neoteny. For example, without the at-
tenuation of aggressive tendencies and the si-
multaneous potentiation of a playful
willingness to pull, sled dogs would not prove
to be very effective workers. In the case of
sheepdogs, livestock-guarding dogs must be
protective but not aggressive toward the
sheep in their care. Guarding dogs are con-
sidered to be more neotenous than herding
dogs, who display some predatory elements
like showing “eye,” “stalking,” and “chas-
ing”—that is, more adult wolflike predatory
traits. Although herding dogs exhibit preda-
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tory motor sequences, they do not culminate
in actual biting or killing.

THE SILVER FOx: A POSSIBLE MODEL
OF DOMESTICATION

The process of behavioral and physical pae-
domorphosis has been observed experimen-
tally in the selective breeding of silver foxes
carried out by the Russian geneticist D. K.
Belyaev and his associates at the Institute of
Cytology and Genetics in Siberia (Trut,
1999). Belyaev (1979) speculated that the
dog’s early domestication proceeded “uncon-
sciously” by selecting and breeding captive
animals that exhibited a high tolerance for
fear and a minimal tendency to behave ag-
gressively toward humans. To test this hy-
pothesis, Belyaev initiated a long-term genet-
ics project in which foxes were selectively
bred for tameness. The project has been on-
going for 40 years and has produced over
40,000 foxes. An important early finding was
that ordinary farm-bred foxes exhibit a wide
variability with regard to their response to
human contact. He has estimated that ap-
proximately 30% of the farm-bred popula-
tion is extremely aggressive, 20% fearful, and
40% aggressive-fearful, whereas the remain-
ing 10% exhibit a quiet (neither fearful nor
aggressive) exploratory behavior toward peo-
ple. The foxes belonging to the quiet group
are by no means tame or safe to handle, how-
ever.

The breeding program involved carefully
selecting only those foxes that exhibited a
prosocial “tame” response to human contact
and handling. After fewer than 20 genera-
tions of selective breeding, tame foxes began
to appear that exhibited striking physical and
behavioral alterations in comparison to ran-
domly bred counterparts (Fig. 1.6). Tame
foxes are not only tolerant of human contact,
they actively solicit and appear to enjoy social
interaction with human handlers. Tame foxes
engage in various doglike behaviors, includ-
ing hand and face licking, solicitous jumping
up, vigorous tail wagging, and excited vocal-
izations (e.g., barking)—all reminiscent of
domestic dogs. The physical appearance of
tame foxes has also undergone dramatic pae-
domorphic and doglike changes that include

F1G. 1.6. Tame foxes are affectionate and invite con-

tact with human handlers. Among several physical
characteristics that distinguish tame foxes from farm-
bred counterparts is a piebald pelage. (Photos cour-
tesy L. N. Trut, Institute of Cytology and Genetics).

lop ears, a turned-up tail (a doglike character-
istic not observed in wild foxes), and the de-
velopment of piebald pelage. Such white
spotting is commonly seen in a variety of do-
mestic species and is highly correlated with
tameness. Little (1920) has discussed the
hereditary basis of piebald spotting in dogs,
concluding that it may be a “mutational”
change rather than a gradual one occurring as
the result of selection pressures.

In addition to behavioral and morphologi-
cal changes, Belyaev’s tame foxes also under-
went several concurrent physiological alter-
ations. For instance, tame female foxes
exhibit significant deviations from the norm
in terms of their sexual readiness and behav-
ior, becoming sexually receptive earlier in the
year than is the custom among wild foxes.
Endocrine studies have demonstrated that
gonadal hormone activity in tame foxes is al-
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tered, perhaps underlying and guiding the
observed behavioral changes. As is commonly
observed among most domestic dogs (but not
wild ones), some tame foxes actually produce
offspring twice a year. In spite of increased
receptivity, however, as many as 30% to 40%
of the females fail to reproduce successfully.
Tame females either fail to actually produce
offspring or display disturbances in maternal
behavior, including a tendency to neglect
their young or to kill and eat them (infan-
tiphagia). Hediger (1955/1968) has noted
similar degenerative effects in the maternal
behavior of other domestic species. Another
seasonal activity affected by domestication is
molting. Tame foxes exhibit a protracted pe-
riod of shedding—a destabilizing effect that
may be genetically linked to the disruption of
estrous cycles.

Several neurophysiological concomitants
of domestication have been isolated in tame
foxes. Belyaev’s associates have found signifi-
cant alterations of the relative reactivity of
the hypothalamic-pituitary-adrenocortical
(HPA) system of tame foxes in comparison to
wild counterparts. By comparing the reac-
tions of tame and wild foxes to emotionally
provocative experiences, they have deter-
mined that the tame foxes are less reactive to
stressful experiences than are wild ones. Also,
interesting changes have been found in brain
areas associated with the expression of emo-
tion. Serotonin levels in the brain tissue of
tame foxes are significantly higher than in
wild counterparts. Popova and colleagues
(1991) confirmed these early findings, having
isolated significant alterations throughout the
serotonergic system in the brains of domesti-
cated foxes. Serotonin has been shown to be
an important neuromodulator providing in-
hibitory regulation over stress-related behav-
ior and aggression. Popova and colleagues
have speculated that many of the behavioral
and physiological changes (e.g., polyestrous
tendency and reduced HPA system reactivity)
observed in tame foxes may be causally
linked with alterations in these serotonergic
systems.

Selection for tameness among silver foxes
has also produced changes in catecholaminer-
gic systems. For example, tame foxes exhibit
an increase of norepinephrine and dopamine

activity in critical brain centers associated
with the expression of defensive behavior.
Dygalo and Kalinina (1994) have demon-
strated a significant increase of tyrosine hy-
drolase activity in the brains of tame foxes in
comparison to wild controls. Tyrosine hydro-
lase is the rate-limiting factor determining
the amount of dopamine and norepinephrine
that can be produced by the brain. The au-
thors conclude that variations observed in the
production of this essential enzyme is caused
by a genetic alteration of the catecholaminer-
gic system itself—a direct result of selective
breeding for tameness. Similar comparisons
have not been made between dogs and
wolves. This line of research is of great im-
portance for a better understanding of the
mechanisms controlling defensive behavior at
the neural level and may ultimately lead to
productive insights into the etiology and
management of canine aggression and fear-re-
lated behavior problems.

SELECTIVE BREEDING, THE DOG
FANCY, AND THE FUTURE

Whether consciously or unconsciously, selec-
tive breeding has been going on for many
thousands of years, resulting in the genetic
engineering of as many as 400 distinct dog
breeds worldwide. Most of these breeds have
been bred with some specific intention in
mind, frequently a practical function like
hunting, shepherding, and guarding. The ear-
liest known breeds appear in the historical
record around 3000 BP in Egypt. They are of
a greyhound type and were probably special-
ized hunting hounds used for coursing game.
The Assyrians had developed a much larger
mastiff-type dog useful for hunting in dense
cover.

Origins of Selective Breeding

According to Clutton-Brock (1984), the Ro-
mans were the first to breed dogs systemati-
cally on a large scale and to keep detailed
records about the various breeds they kept.
The Romans knew that selective breeding
could affect physical appearance and behav-
ior. By this time, all of the major breed types
were well established (e.g., guard, hunting,
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coursing, shepherd, and lap dogs) and it was
recognized that training was needed to prop-
erly fit form to function. The Greeks had also
applied themselves to the selective breeding
of dogs long before the rise of the Romans.
Already in Homer’s 7he Odyssey (Fitzgerald,
1963) clear distinctions are made between
working dogs and pets. In the famous dia-
logue between Odysseus and Eumaisos, the
hero (concealing his true feelings at the mo-
ment in order to maintain his disguise) com-
ments on the topic as he looks upon his dy-
ing dog:

I marvel that they leave this hound to lie

here on the dung pile;

he would have been a fine dog, from the look
of him,

though I can’t say as to his power and speed

when he was young. You find the same good
build

in house dogs, table dogs landowners keep

all for style. (1963:320)

Not only had the Greeks understood the im-
portance of selective breeding at an early
date, they had also recognized the danger of
breeding that displaces function for the sake
of appearances.

By the 5th century BC, various breeds had
been developed for specific hunting tasks and
purposes. Xenophon, a student of Socrates,
wrote an important essay around 380 BC on
hunting and hunting dogs, entitled Cynegeri-
cus (1925/1984). The tract gives one a rare
glimpse into the breeding and training of
Greek hunting dogs. For hunting hare and
driving the quarry into nets, the Castorian
and vulpine breeds were favored. Deer hunt-
ing required bigger and stronger breeds like
the Indian hounds (mastiff-type dogs). For
wild-boar hunting, a variety of dogs were em-
ployed in a mixed pack, including the Indian,
Cretan, Locrian, and Laconian breeds. The
vulpine breed, as its name implies, was be-
lieved by Xenophon to be the result of cross-
breeding a dog with a fox. Clearly, great care
was taken to keep these breeds unadulterated.
Xenophon describes the use of a wide surcin-
gle (girth strap), apparently used to prevent
undesirable matings:

The straps of the surcingles should be broad,
so as not to rub the flanks, and they should
have little spurs sewed into them, to keep the

breed pure. (1925/1984:401)

Merlin (1971) has speculated that another
function of this piece of equipment was to
protect dogs from injury when hunting dan-
gerous game like wild boar.

In the Republic, Plato (1961) outlines a
concise description of the selective breeding
process:

Tell me this, Glaucon. I see that you have
in your house hunting dogs and a number of
pedigreed cocks. Have you ever considered
something about their unions and procre-
ations?

What? he said.

In the first place, I said, among these them-
selves, although they are a select breed, do not
some prove better than the rest?

They do.

Do you then breed from all indiscrimi-
nately, or are you careful to breed from the
best?

From the best.

And, again, do you breed from the
youngest or the oldest, or, so far as may be,
from those in their prime.

From those in their prime.

And if they are not thus bred, you expect,
do you not, that your birds’ breed and hounds
will greatly degenerate?

I do, he said. (Rep, 5:459a)

Information about dog breeding in the re-
mote past is scant and unreliable, but cer-
tainly strong selection pressures were at work
over the course of the dog’s domestication.

The rise of breeding for the sake of ap-
pearances alone is a relatively new phenome-
non in the history of dogs, coinciding with
the appearance of organized dog showing and
efforts to standardize the various breeds. This
new emphasis and interest appeared shortly
after the banning of dog fighting and bull
baiting in England in 1835—an event closely
associated with the founding of the Royal So-
ciety for the Prevention of Cruelty to Ani-
mals in 1824. With the loss of these tradi-
tional forms of canine “entertainment,” the
public turned its attention toward other
venues for the enjoyment of dogs.
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These various cultural changes moved
dogs out of the hands of the lower working
classes and placed them (after a transition of
“proper” breeding) on a “higher” social level.
The Victorian bourgeoisie adopted the dog as
a newfound status object with which they
could proudly display their refined taste in
the form of breeding and pedigree (Ritvo,
1986). Along with this preoccupation with
status came an effort to standardize the vari-
ous breeds—a process based largely on ap-
pearances, with an inevitable neglect of func-
tion. Unfortunately, it is hard to separate fact
from fiction with regard to the history of
these various breeds, since many of their his-
torical origins appear to be fanciful 19th-cen-
tury fabrications. According to Ritvo (1987),
most of the modern breeds as they are recog-
nized today are little more than 100 to 150
years old. She notes that even the early breed
standards were written almost from scratch.
This observation reflects the tremendous in-
fluence that the Victorian-era dog fancy had
on the development of modern dogs, espe-
cially with respect to their appearance.
Clearly, though, most of the common breeds
associated with purebred dogs were already
well established as working dogs prior to this
time, as one can readily observe in V. Shaw’s
histories, descriptions, and engravings in-
cluded in The lllustrated Book of the Dog,
published as a serial between 1879 and 1881.

Of course, many efforts to breed for phys-
ical appearances had occurred long before the
19th century, but never to an extent compa-
rable to the contemporary efforts involving so
many diverse breeds. In China, for instance,
the Pekingese was carefully managed under
the protection and patronage of the Manchu
emperors. The original stock was bred with
an eye toward both form and function, pro-
ducing a dog of exquisite beauty, vigor, and
intelligence; these animals frequently lived
full and healthy lives for up to 25 years, in
spite of their genetically induced physical de-
formities (Tuan, 1984).

Undoubtedly, appearance has always
played an important role in the selection
process, but it was rightfully subordinated to
the far more important goals embodied in
utilitarian function, health, and tempera-

ment. Many experienced breeders have
lamented the genetic fact that form and func-
tion rarely interact in felicitous propor-
tions—good working dogs are more often
than not “ugly” according to breed standards
of beauty. With an eye set rigidly on the arbi-
trary appeal of appearances and beautiful
form, the qualities of intelligence and func-
tion inevitably degrade over time. Konrad
Lorenz expresses a similar conclusion in Man

Meets Dog:

It is a sad but undeniable fact that breeding to
a strict standard of physical points is incompat-
ible with breeding for mental qualities. Indi-
viduals which conform to both sets of require-
ments are so rare that they would not even
supply a foundation for the further propaga-
tion of their breed. ... I know of no “cham-
pion” of any dog breed which I should ever
wish to own myself. It is not that these two
differently directed ideals are basically opposed
to one another. It is hard to understand why a
dog of perfect physique should not be en-
dowed with equally desirable mental attrib-
utes—but each of the two ideals is, in itself, so
rare that their combination in one and the
same individual becomes a thing of the grossest

improbability. (1954:93)

The first organized dog show took place
during the summer of 1859 in Newcastle-
upon-Tyne, England (Davis, 1970). By 1873,
the British Kennel Club was organized to
regulate the breeding and exhibition of pure-
bred dogs. Shortly thereafter, the American
Kennel Club (AKC) (1884) was formed in
Philadelphia as the ruling body over affiliated
breed clubs in the United States. The first or-
ganized dog show in the United States was
sponsored by the Westminster Kennel Club
in 1877. The original purpose of the AKC
was stated to be the “protection and advance-
ment” of purebred dogs, but many critics
have questioned whether the AKC really has
fulfilled these promises. Whatever deserving
faults and shortcomings, without the orga-
nized international efforts of dog fanciers and
organizations like the AKC, a great many
currently well-established and flourishing
breeds might have otherwise gone extinct
over the past century.
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Prospects for the Future

Breeding carried out under the stewardship
of responsible breeders has undoubtedly re-
sulted in the genetic improvement of dogs in
the dual directions of appearance and perfor-
mance—if not in health and biological fitness
(see below). Unfortunately, dogs bred by such
breeders are registered on an equal basis with
dogs bred indiscriminately by dilettantes and
uncaring pet merchants. With the advent of
large shopping centers, multibreed pet stores
followed, carrying a variety of breeds for sale
under a single roof. The public setting of
these stores took advantage of high foot traf-
fic and the impulsive buying habits evoked
by the sight of a lonely puppy curled up be-
hind a window. To stock these stores with
puppies in sufficient variety and quantity at
the lowest possible prices, the store buyers
sought inexpensive wholesale sources to meet
a burgeoning market. This excluded estab-
lished breeders since they are usually unwill-
ing to deal with pet retailers, or since the cost
of acquiring well-bred puppies would make
resale only marginally profitable. Conse-
quently, an “industry” of commercial puppy
breeding erupted (mainly in the Midwestern
section of the country) producing puppies in
great numbers and frequently under ap-
palling conditions with little regard for estab-
lished breeding practices. Unfortunately,
these “milled” puppies are accepted and certi-
fied as purebred by the same registry (the
AKC) as are their most carefully selected and
conscientiously bred counterparts. The pet
stores benefit greatly from this arrangement
since registered purebred puppies are worth
considerably more money on the retail mar-
ket than are puppies sold without “papers.”
This general situation is aggravated by a
large population of dogs produced by average
breeders whose aspirations may not extend
much beyond the opportunity to supplement
the family income. These so-called “backyard
breeders” often neglect temperament, func-
tion, and appearances altogether. Using news-
paper classified ads as their primary means of
marketing, they can avoid the stigma of be-
ing associated with a pet store—but their
“product” is rarely much better in quality.
Producing dogs in such a way is much less

expensive than carefully breeding them for
excellence of form, function, and health.
Consequently, professional breeders are fre-
quently faced with an unfair disadvantage.
Breeding quality dogs is an expensive enter-
prise. Although securing a profit is secondary
to a love of the breed, the lament of many
dedicated breeders is that it is not possible
under current conditions to breed quality
dogs and also to survive as a business. Of
course, a great number of dedicated and re-
sponsible breeders have survived, and their
efforts help to keep things in check, but their
numbers may be dwindling in a marketplace
where it is hard for them to compete.

The incidence of genetic disease is increas-
ing, and the prospects for the future are dim
unless coordinated efforts are orchestrated to-
ward the combined goals of education and
professional responsibility in dog breeding.
Several laudable efforts are under way that
may eventually help to mollify the current
situation. For many years, screening has been
available for the detection of several geneti-
cally transmitted diseases, especially eye dis-
orders and hip dysplasia. Certification by the
Canine Eye Registration Foundation (CERF)
and the Orthopedic Foundation for Animals
(OFA) should be required of all breeding
stock prone to the expression of such disor-
ders. A potentially beneficial project has been
developed by Jasper Rine at the University of
California—Berkeley. Rine and associates have
launched an effort to map the evolution of
various dog breeds. A possible eventual appli-
cation of the Dog Genome Project is the
identification of the specific genes involved in
the transmission of behavioral disorders and
genetic diseases. Another dog genome project
is being led by George Brewer at the Univer-
sity of Michigan where DNA diagnostics are
being studied and developed into a private
diagnostics company. An important project
for tracking genetic disease is the Canine Ge-
netic Disease Information System (CGDIS),
a computer software package developed un-
der the guidance of Donald Paterson at the
University of Pennsylvania. Finally, the Insti-
tute for Genetic Disease Control in Animals
at the University of California—Davis is an
open registry for dogs and other animals with
genetic disease. Unfortunately, the impact of
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these tools will be evident only among re-
sponsible breeders (who are not the problem)
and will not likely reach those who care
nothing about the welfare of dogs and whose
interest extends little beyond profitable mer-
chandising of their AKC-registered purebred
puppies.

There exists substantial disagreement with
regard to the possible genetic transmission of
temperament traits and behavioral disorders
among dogs. However, mounting evidence
suggests that some forms of dominance ag-
gression are genetically transmitted. A possi-
ble case in point is the so-called “springer
rage syndrome,” or what may be more appro-
priately termed “low-threshold dominance
aggression.” Low-threshold dominance ag-
gression is a behavioral disorder of the Eng-
lish springer spaniel that affects many other-
wise loving and companionable dogs. Ilana
Reisner at Cornell University (personal com-
munication) has found evidence suggesting
that this genetically transmitted behavioral
predisposition may be traced to a single ken-
nel. She is currently analyzing pedigrees and
other statistical evidence from a large survey
of Springer spaniel owners that may help to
elucidate the exact mechanism of transmis-
sion more fully in the future. For now, how-
ever, the “popular sire effect” appears to be a
highly plausible explanation. The popular sire
effect occurs when a particularly desirable
show dog is bred over and over again for
some set of physical attributes, but who, in
addition, may carry hidden in his genome an
undesirable physical or behavioral trait that
also gets haphazardly passed along in the
gene pool as well. The opportunity for ge-
netic disaster is particularly ominous in such
cases. Given that a trait conducive to domi-
nance aggression is traceable to a single ken-
nel, one can reasonably infer that a small
founder population (perhaps, even a single
popular sire) is responsible for the trait’s
spread into the springer population. It is less
likely that a “popular” dam acted as the pri-
mary catalyst, simply because of her limited
reproductive potential.

Helmut Hemmer (1983/1990) has stud-
ied the genetic trend toward degeneracy and
sensory disability in the dog. By comparing
the sensory and behavioral abilities of the do-

mestic dog with that of the wolf, Hemmer
found that the dog has been “damaged” on
many sensory and behavioral levels. In addi-
tion to the health costs associated with do-
mestication, the dog’s sensory abilities, along
with many innate behavioral systems and
mechanisms, have suffered under the pressure
of artificial selection. The dog has experi-
enced a general decline of what Hemmer has
termed “environmental appreciation.” Envi-
ronmental appreciation refers to the sum in-
put and organization of sensory information,
that is, the animal’s perceptual experience or
gestalt. Various sensory mechanisms and un-
derlying neural structures are involved, pro-
foundly influencing the quality and intensity
of the dogs perceptual experience. In short,
domestication has narrowed the range and
quality of the dog’s senses, thereby adversely
affecting the quality of its life.

While current breeding practices have un-
doubtedly contributed to the dog’s contem-
porary decline in health and temperament,
the effects of domestication—even when
guided under the best intentions—are inher-
ently degenerative with regard to the natural
prototype being genetically modified to
match human purposes. Clearly, the dog en-
joys a biological advantage over its wild prog-
enitor in terms of survival rate and raw num-
bers. But this reproductive success is at the
cost of biological soundness and is fraught
with dangers associated with overspecializa-
tion and close breeding, e.g., genetic drift
and founder’s effect. Over 400 genetic dis-
eases have been isolated in the dog with
about 10 new ones being described each year
(Smith, 1994). The degenerative effects of
domestication are a natural outcome of the
dog’s “protected” status, and may not be en-
tirely attributable to breeding practices alone.
Unlike wild canids, the dog’s biological suc-
cess or failure is not dependent on “fitness” in
the broad sense demanded by nature, but by
an arbitrary set of demands related to a nar-
row ecological niche in cohabitation with
man’s. Darwin reflected on these various dan-
gers associated with domestication:

It can, also, be clearly shown that man, with-
out any intention or thought of improving the
breed, by preserving in each successive genera-
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tion the individuals which he prizes most, and
by destroying the worthless individuals, slowly,
though surely, induces great changes. As the
will of man thus comes into play we can un-
derstand how it is that domestic races of ani-
mals and cultivated plants often exhibit an ab-
normal character, as compared with natural
species; for they have been modified not for
their own benefit, but for that of man.

(1875/1988:3)

The most important lesson to be learned
from these trends is that breeding must be
carried out with great care and attention to
the whole dog, not just the way it looks.
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Organization is inseparable from adaptation: They are two complementary processes

of a single mechanism, the first being the internal aspect of the cycle of which

adaptation constitutes the external aspect.

J. PIAGET, The Origins of Intelligence in Children (1952)
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Transitional Period (12 to 21 Days)
Socialization: Learning to Relate and
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Secondary Socialization (6 to 12 Weeks)
Maternal Influences on Secondary Social-
ization
Play and Socialization
Learning to Compete and Cope
Social Dominance (10 to 16 Weeks)
Social Attachment and Separation
Learning to Adjust and Control
Environmental Adaptation (3 to 16
Weeks)
Development of Exploratory Behavior
Learning and Trainability
Imprinting-like Processes and Canine Skill
Learning
Preventing Behavior Problems
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OG BEHAVIOR is determined by many

interdependent biological and experien-
tial factors. Although dogs are biologically
prepared to develop in specific ways and to
exhibit a limited set of potential traits and
behavior patterns, the expression of these ten-
dencies is flexible and subject to the general
laws of learning. Even this adaptive variabil-
ity, though, is ultimately limited by biological

constraints. Besides the influence of genes
and their biological expression, behavior is
guided and modified by the influence of ex-
perience. The actualizing effect of the envi-
ronment interacting with an animal’s genetic
potential or genotype yields its unique physi-
cal and behavioral phenotype. In contrast to
the genotype, which remains outside the di-
rect influence of learning, the phenotype re-
sults from the actualizing influences of the
surrounding environment interfacing with
the biologically mediated genome. These en-
vironmental circumstances can exercise either
a beneficial or a destructive influence over the
course of a puppy’s development. General
adaptation is continuously refined or ren-
dered progressively dysfunctional depending
on the type of experiences involved. Every
moment offers the potential for constructive
learning and adaptation or the reverse,
especially in the case of an impressionable
puppy-

If the environment provides a puppy with
insufficient or inadequate experience for the
development of a particular behavioral sys-
tem, the innate behavior patterns and ten-
dencies expressed by that system will acrophy
or develop abnormally. The behavioral orga-
nization of the dog is a complex unity
wherein various components are hierarchi-
cally integrated with one another at various
levels. The proper functioning of one system
of behavior depends on the support and ade-
quate functioning of other systems. Early ex-
periences are particularly influential in this

31
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regard. Puppies provided with poor socializa-
tion or deprived of environmental exposure
often develop lifelong deficits and dysfunc-
tional behaviors. A puppy isolated early in
life from other puppies and humans will not
only fail to establish satisfying social contact
with conspecifics or enjoy companionship
with people later in life (such puppies are ex-
tremely fearful of any social contact), they
will also exhibit widespread behavioral and
cognitive disabilities, as well. Isolated puppies
exhibit poor learning and problem-solving
abilities and are extremely hyperactive or
rigidly inhibited, are emotionally overreactive
and unable to encounter novel social or envi-
ronmental situations without extreme fear
and avoidance, and are socially and sexually
incapacitated. Nearly every behavioral system
is adversely affected, leaving the puppy en-
cased within an autistic shell of fear, insular
despair, and perpetual confusion.

The foregoing scenario is extreme and
rarely observed outside the laboratory, but it
does underscore the importance of early ex-
perience on the development of dog behavior.
Although the vast majority of puppies are not
exposed to such complete isolation, many do
incur varying degrees of early social and envi-
ronmental deprivation. Puppies bred under
careless conditions where they are reared like
livestock by irresponsible and ignorant breed-
ers are topical cases in point. Such puppies
are often exposed to the most appalling con-
ditions and cruel treatment. When they come
into homes, they are already heavily bur-
dened, exhibiting many of the following con-
ditions: patterns of extreme hyperactivity, in-
tense precocious aggressiveness, and
fearfulness toward humans and other dogs.
They are often prone to separation anxiety,
orally fixated (focusing on personal belong-
ings as well as hands), coprophagous, and
they are frequently difficult to house train.
With supportive training involving intense
remedial socialization, graduated environ-
mental exposure, and endless patience, such
puppies can regain some degree of composure
and develop into reasonably well-adjusted
companion dogs. Even after undergoing the
best training available, though, such puppies
will never reach their full potential.

Responsible breeders provide their puppies
with daily environmental enrichment and
preliminary training, including ample social
experiences and constructive activities (e.g.,
house training), that prepare them for an easy
transition into their future homes (Monks of
New Skete, 1991). Experienced breeders can
detect, through a keen eye and various tem-
perament tests, the general emotional disposi-
tion of their puppies and thereby place indi-
vidual puppies in homes consistent with their
respective needs. Puppy temperament tests
should not be employed to predict adult apti-
tudes or the potential exhibition of adult be-
havior patterns but should be used as tools to
isolate and quantify a puppy’s various
strengths and weaknesses at the time of test-
ing. Many behavioral indexes associated with
temperament evaluation are flexible and sub-
ject to change during a puppy’s development
(Scott and Fuller, 1965), making tempera-
ment tests indicative rather than predictive.
Puppy tests are excellent tools for evaluating
training progress and for objectively assessing
areas that may need additional remedial
work. Finally, professional breeders should
provide their clients with an information
packet covering puppy care and basic train-
ing, as well as phone numbers for trainers,
obedience clubs, and other relevant support
professionals. Most breeders are dedicated to
their breed and are willing to share their
knowledge and valuable experience to help a
new puppy owner through those challenging
first few weeks of intensive training and care.
Ideally, a breeder and a trainer should work
together as a team helping an ill-prepared
owner through the sometimes onerous vicissi-
tudes of puppy rearing and training.

Learning plays a significant role in the de-
velopment of puppies. Understanding how
learning impacts development is an impor-
tant first step in the study of dog behavior.
The most influential research on this topic
was carried out at the Jackson Laboratory in
Bar Harbor, Maine, under the supervision of
J. 2. Scott and J. L. Fuller. These pioneering
efforts paved the way to a fuller understand-
ing of the general processes of ontogeny and,
in particular, the development of social be-
havior. A central purpose of this work was to
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evaluate the extent and differential influence
of genetic versus experiential factors on the
development of behavior. With this goal in
mind, they chose dogs from several distinct
breeds possessing differing attributes and be-
havioral tendencies, and then experimentally
studied their reactions to various environ-
mental manipulations and stressors. Their
study clearly demonstrates that different
breeds exhibit specific inherited strengths and
weaknesses when coping with environmental
pressures. However, the most important re-
sult of their study was the discovery of several
critical or sensitive periods for the social de-
velopment of dogs. Their work was reported
in a seminal text for breeders and trainers en-
titled the Genetics and the Social Behavior of
the Dog (1965). Another important source of
information regarding the development of
puppies (especially neonatal and transitional
processes) needs to be credited to the valu-
able work of Michael Fox. He is the author
of many texts, but the most noteworthy in
this regard is nregrative Development of Brain
and Behavior in the Dog (1971).

THE CRITICAL OR SENSITIVE
PERIOD HYPOTHESIS

During development and growth, dogs un-
dergo a process of progressive biological orga-
nization and simultaneous behavioral differ-
entiation. This ontogenesis is marked by
several more or less distinct sensitive or criti-
cal periods for the development of various
psychosocial functions. The onset and offset
of these stages of development are biologi-
cally defined, making the animal susceptible
to the crucial experience or its absence for a
limited period. Within these sensitive stages,
a short optimal period appears to occur during
which appropriate stimulus contacts and ex-
perience are rendered maximally effective and
beneficial to developing dogs. Scott (1962,
1968a) has argued that the critical periods of
social development are defined by irreversible
organizing processes reflected in growth and
emerging behavioral complexity. Any system
that has become well organized and stable is
naturally more difficult to reorganize—that
is, “organization inhibits reorganization”

(Scott, 1962), unless, of course, the system in
question is organized to be flexible to reorga-
nization. According to Scott’s hypothesis, be-
havioral organization can be modified only
while it is under the active influence of the
original processes of organization, that is,
during susceptible critical periods for such ac-
tivity and change occurring early in an ani-
mal’s life.

One of the most important functions of
the critical period is the formation of social
attachments and bonding (Scott, 1968a). In
dogs, primary socialization begins around 3
weeks of age. Before week 3, the mother is
the puppy’s primary social object. With the
onset of the socialization period, she begins
to leave the litter alone to fend for themselves
for longer periods. The result is increased so-
cial bonding and attachment between litter-
mates, and the formation of a protopack or-
ganization anticipating more adult patterns
of canine social behavior (Scott, 1958). These
social imprinting effects have received a great
deal of experimental attention in a variety of
animal species (Sluckin, 1965; Hess, 1973).

Many other behavioral tendencies and ap-
petites are imprinted at an early age in pup-
pies. Marr (1964) has found that puppies (3
to 4 weeks of age) can be strongly imprinted
to a simple visual stimulus (a white circle
against a dark background) by associating its
presentation with varied stimulation, like
flashing lights and rocking. Stimulated pup-
pies (petted, rocked, or flashed) spent signifi-
cantly longer time on the platform in contact
with the visual stimulus than did controls,
suggesting enhanced approach and arzach-
ment to the stimulus object as the result of
varied stimulation. Some sort of learning ob-
viously has taken place, but it is not conclu-
sively an imprinting process. Marr’s results
could just as easily be interpreted in terms of
other learning paradigms, like classical or in-
strumental conditioning.

Besides the formation of enduring attach-
ments with people, dogs can also form strong
interspecific attachments with other animals
through imprinting or imprinting-like
processes. Cairns and Werboff (1972), who
carried out an experiment to investigate social
attachment in 4-week-old puppies that had
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been exposed to sustained contact with adult
rabbits, found that puppies housed with rab-
bits quickly developed social attachments
with their cohabitants and exhibited a lasting
preference for contact with them. These
changes occurred after a very brief period of
exposure (within 24 hours of cohabitation).
When separated from their rabbit cohabi-
tants, the puppies emitted intense distress vo-
calizations and escape efforts aimed at regain-
ing contact with the removed rabbits—
behaviors consistent with separation-distress
reactions exhibited as the result of the loss of
contact with conspecifics. Similarly, Fox
(1971) reared Chihuahua puppies from 25
days to 16 weeks of age with kittens and a
mother cat. Cat-reared puppies displayed a
strong preference for kittens over contact
with other puppies. The controls (reared with
other puppies) exhibited a sustained and ac-
tive interest (with tail wagging) in viewing
their reflection in a mirror located in the test-
ing area. In contrast, cat-reared puppies spent
much less time in contact with the mirror.
After reaching 16 weeks of age, the cat-reared
puppies were once again reunited with con-
specifics and subsequently underwent 2
weeks of remedial socialization. Testing found
that the cat-reared puppies had recovered
most of their species-specific behavior pat-
terns, demonstrating that the socialization ef-
fect is to some extent reversible. Also, cat-
reared puppies exhibited a pronounced new
interest in the mirror, as suggested by in-
creased vocalization scores, activity levels, fre-
quency of contact, and duration of contact
with the mirror. During earlier observations,
no sustained contact or tail wagging was ob-
served in the presence of the mirror. Follow-
ing the 2-week period of remedial socializa-
tion, however, the cat-reared puppies
repeatedly approached the mirror, wagged
their tails, and even sat looking at themselves
in the mirror—sometimes pushing against

it with their nose. Fox speculates that

the cat-reared puppies were previously unre-
sponsive to their reflection in the mirror be-
cause they lacked the necessary socializing in-
fluences needed to form an adequate species
identity with which to recognize them-
selves:

These observations lead to the conclusion that
socialization influences the development of
species and self-identity. Cat-raised dogs, hav-
ing had no experience with their own species,
were consequently nonreactive to their own re-
flections, but became more reactive as they
were subsequently socialized with their own

species. (1971:259)

In other studies, dogs have served as ob-
jects of attachment and imprinting involving
species other than humans. Mason and Ken-
ney (1974) found evidence among rhesus
monkeys that the socialization effect was not
irreversible. Monkeys reared under various
social conditions were exposed at different
ages to cohabitation with spayed female dogs.
All the monkeys exhibited a pronounced ini-
tial fear of the dogs but quickly recovered
with the aid of a series of graduated expo-
sures carried out by the experimenters.
Within several hours, most of the monkeys
approached and began to cling to the recep-
tive dogs. Both the monkeys and the dogs
made frequent contact, played together, ex-
hibited care-seeking and caregiving interac-
tion (mutual grooming and anogenital lick-
ing), rested together, and exhibited every sign
of enjoying each other’s companionship.
When separated from their dog companions,
the monkeys exhibited separation-induced
pacing, distress vocalization, and escape be-
havior—just as they would if separated from
conspecifics with whom they had been social-
ized and attached. Similar cross-species at-
tachment behavior and attachment reversal
(upon resocialization with conspecifics) has
been exhibited by lambs reared in cohabita-
tion with adult female dogs (Cairns and
Johnson, 1965).

A practical application of cross-species
socialization is found among livestock-guard-
ing dogs. Breeds like the Anatolian shepherd,
the shar planinetz, komondor, and maremma
have a long Eurasian tradition in the perfor-
mance of this important shepherding task.
From early in the socialization period, these
dogs are reared with sheep and fed on ewe’s
milk. Such dogs form a strong social affilia-
tion with sheep—an affiliation that inclines
the dogs to protect their adopted species
from predators and human intruders alike.
Efforts have been under way for some years
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now to introduce livestock-guarding dogs for
the protection of sheep against the predation
of coyotes and wolves in many areas of the
United States (Coppinger and Coppinger,
1982).

EARLY DEVELOPMENT AND
REFLEXIVE BEHAVIOR

The ontogeny of a dog’s social behavior un-
folds according to a genetically programmed
timetable (Scott and Fuller, 1965; Fox,
1971). These early developmental processes
exercise an enduring influence over the be-
havioral adjustment of dogs. During a brief
period from 3 to 16 weeks of age, an average
puppy will probably learn more than during
the remaining course of its lifetime, forming
a lasting emotional and cognitive schemata of
the social and physical environment. Further-
more, these early experiences format the gen-
eral outline and organization of how and
what the dog is prepared to experience and
learn in the future. It therefore behooves con-
scientious breeders and puppy owners to gain
a working understanding of these develop-
mental processes and the various methods
used to influence them in the most efficient
and beneficial ways. A puppy’s early develop-
ment is divided into four more or less well-
defined periods: the neonatal period (birth to
12 days), the transitional period (12 to 21
days), the socialization period (21 to 84
days), and the juvenile period (84 days
through sexual maturity).

Neonatal Period (Birth to 12 Days)

Just before birth, hormonal changes occur
that cause puppies to undergo sexual dimor-
phism. Male puppies are exposed to a surge
of testosterone, forming the foundation for
malelike behavior later in life. Prenatal andro-
gen secretions are believed to play a role in
the formation of hardwired neural tracts asso-
ciated with maleness. Some evidence suggests
that female puppies may be affected by this
androgenizing effect as well (Knol and Eg-
berink-Alink, 1989). Female mice embryos
located between males in the uterus appear to
be influenced by the presence of vagrant

testosterone carried in amniotic fluids, al-
though it is not certain whether such a hy-
pothesized osmotic mechanism is involved.
Perhaps a similar effect holds for female dogs,
but this possible hormonal influence has yet
to be shown experimentally. The influence of
cross-sexual prenatal androgenization may
help to explain the display of malelike behav-
ioral tendencies (e.g., male-directed aggres-
sion and leg-lifting behavior) by some female
dogs. Another potential neuroendocrine in-
fluence on prenatal development involves the
mother’s emotional state (Thompson, 1957).
If gestating rats are exposed to intense fear-
eliciting stimulation, the resulting offspring
are unstable and more emotionally reactive
than controls gestated without such exposure.

A puppy is born within an allantoic sac
and attached to the mother by an umbilical
cord (Fig. 2.1). The cord is chewed through,
the placenta removed and eaten, and the
puppy thoroughly licked clean and dried. Be-
sides cleaning the puppy, the mother’s licking
stimulates reflexive muscular movements and
breathing. At birth, a puppy is unable to con-
trol its body temperature and is very sensitive
to changes in ambient temperature. A near-
constant temperature is maintained by its
keeping in close physical contact with the
mother and lictermates. However, a puppy
that becomes too warm will move away to
maintain an optimal temperature (Welker,
1959). The neonate exhibits intense distress
vocalizations when separated from littermates
and placed on a cold surface. Fredericson and
colleagues (1956) proved that such distress
was not due to loss of contact comfort but
the result of temperature changes experienced
by the puppy. They found that neonates
placed on heating pads were content and able
to go to sleep without maternal or sibling
contact. Dunbar and colleagues (1981) ob-
served that a mother will readily retrieve dis-
tressed offspring that have become separated
from the litter group through the first 5 days
but after that will stop doing so.

From a neurological and sensory perspec-
tive, newborn puppies are both deaf and
blind and thus virtually insulated from the
external world. However, many primitive sen-
sory and behavioral systems and reflexes are
present at birth that assist puppies in nursing
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Neonatal Period
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FIG. 2.1. The neonatal period is associated with reflexive activities aimed at optimizing nurturance and contact

with the mother.

and keeping in contact with the mother
(Table 2.1). Among these sensory capacities
are sensitivities to pressure, movement, taste,
and smell. Withdrawal from painful stimula-
tion can be seen shortly after birth. Some
forms of neonatal learning have been ob-
served in the laboratory. For instance, Fox
(1971) found that if the breasts of a nursing
mother are coated with anise oil during the
first 5 days of feeding, the exposed puppies
subsequently exhibit an orienting response to
a Q-tip soaked in the oil. On the other hand,
puppies not previously exposed to the smell
of anise oil on their mother’s breasts exhib-
ited a strong withdrawal response from it
when similarly tested. This experiment indi-
cates that some form of rudimentary learning
is present in the neonatal puppies—a topic
that is discussed in greater detail later in this
chapter.

Most of a neonatal puppy’s time is spent
sleeping, with the remaining time devoted to

nursing. When sleeping, a puppy exhibits ex-
tensive twitching and nervous movements
over its entire body. Electroencephalogram
(EEG) studies have demonstrated that wak-
ing and sleeping states exhibit nearly identical
patterns of low brain activity (Fox, 1963).
Urination and defecation must be elicited by
the mother for the first 2 weeks or so by
rthythmically licking the anogenital area. Such
licking usually occurs just prior to feeding,
serving to both wake the puppy for nursing
and to elicit elimination (Grant, 1986). A
puppy’s general motor activities at this stage
of development are limited to swimlike
crawling movements predominately involving
the front legs. Guided by tactile, olfactory,
and gustatory senses, a puppy reflexively ori-
ents and locates the mother’s teat. Forelimb-
placing movements are seen after 2 or 3 days,
and efforts at forelimb support begin between
days 6 and 10. Hind-limb-placing responses
are seen after 8 days. Flexor muscles are dom-
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TABLE 2.1. Reflexive behavior observed in neonatal puppies

Neonatal Reflexes

S

R

Magnus

Crossed extensor
Negative geotactic
Rooting
Photomotor

Reflexive elimination

Elicited by turning the neonate’s
head to one side

Elicited by pinching the webbing
of the hind foot

The puppy is placed on a surface
that is tilted up.

The hand is cupped around the
puppy’s muzzle.

A bright light is flashed into the
closed eye of the puppy.

Elicited by gently dabbing ano-
genital area with a wet

The action causes an extension of the
forelimbs and hind limbs on the
side toward which the head is turned.
Limbs on the opposite side tend to flex.

The leg on the side pinched flexes while
the opposite leg extends.

The puppy reorients by twisting in the
direction of the elevated side.

Forward movement is elicited as long as
the puppy maintains contact.

A blink is elicited; not operative until
day 2 or 3.

Reflexive urination and defecation

cotton ball

Source: After Fox (1971).

inant over extensors for the first few days, fol-
lowed by a much longer period of extensor
dominance and the emergence of unsteady
walking in the transitional period. Nonnutri-
tive sucking actions can be elicited early in
the neonatal period, with a peak occurring
around days 3 to 5 and gradually declining
over the first 3 weeks. Early forced weaning
causes a distortion in this pattern, causing
puppies to suck much more actively on fin-
gers or sometimes on littermates (Scott et al.,
1959). Scott and colleagues (1959) observed
that, among 500 puppies that were left with
their mothers through 10 weeks of age, none
exhibited the body-sucking habit exhibited
by prematurely weaned counterparts. Puppies
that are weaned too early (before day 15)
may be prone to develop adult oral and mo-
tor compulsions involving sucking and
kneading directed toward blankets and other
soft objects.

Although neonatal puppies are develop-
mentally insulated from the environment,
some external influences may have long-term
effects on learning, emotionality, and general
adaptability. Early neonatal handling involv-
ing as little as 3 minutes a day and exposure
to various mild environmental stressors, like
changes of ambient temperature and move-

ment (gentling), may have positive impacts
on a puppy’s resistance to disease, emotional
reactivity, and mature learning and problem-
solving abilities (Morton, 1968). Denenberg
(1964), who has reviewed a considerable
body of literature regarding neonatal stimula-
tion and its effect on adult emotionality in
rats, concludes that the degree of adult emo-
tionality exhibited by the animal is conversely
proportional to the amount of infantile stim-
ulation experienced prior to weaning (Fig.
2.2). Animals left undisturbed during neona-
tal development were found to be consis-
tently more emotionally reactive as adults.
Levine and colleagues (1967) exposed rats to
an early differential handling/stress regimen
in which an experimental group was removed
from the litter and placed in a can with shav-
ings for 3 minutes per day for the first 20
days of life. The control group was composed
of animals left undisturbed during the same
period. Once mature (80 days), the rats were
exposed to an open-field situation, a test that
reveals general reactivity and fearfulness. The
behavior of the two groups was observed, es-
pecially general activity and defecation fre-
quency, and all the animals tested were subse-
quently evaluated in terms of adrenocortical
response. Previously handled rats were found
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Emotional reactivity in adulthood

HIGH

LOW HIGH

Stimulus input in puppyhood

O High levels of infant stimulation decrease
emotional reactivity in adulthood

B Low levels of infant stimulation increase
emotional reactivity in adulthood

F1G. 2.2. Hypothesized curve correlating the relative
amount of early stimulation and the degree of emo-
tional reactivity observed in the adult. After Denen-

berg (1964:341).

to be more active and defecated less than
controls during testing, suggesting that they
were less fearful and inhibited under the
novel conditions. Handled animals also ap-
peared to habituate more quickly to the test
situation over several days of evaluation, ren-
dering them more adaptable than controls.
Nonhandled animals consistently exhibited
higher levels of corticosteroids than handled
ones, further confirming the latter’s lower
stress reactivity under the conditions of the
test.

In other experiments performed by Levine
(1960), handled rats exhibited a more precise
and adaptive adrenocortical response pattern
when exposed to stress induced by shock. Al-
though both handled and nonhandled rats
exhibited similar blood levels of adrenal
steroids before stimulation, the handled rats
showed a much higher level within the first
15 minutes following shock than the non-
handled group. The nonhandled group,
though achieving the same blood levels even-
tually, did so only after a long poststimula-
tion delay. Further, steroid levels in the non-
handled group were maintained at a higher

level over a much longer period than in the
handled group. According to Levine, the fast
hypothalamic-pituitary-adrenal (HPA) system
response in the handled animals is more con-
sistent with the proper functioning of the an-
imal’s emergency-stress system. During stress
activation, an animal’s emergency resources
should be fully mobilized in the moment
when they are needed most, followed by a
rapid decline and denouement phase. As
noted above, the nonhandled animals tended
to react slowly to aversive stimulation with a
prolongation of the stress reaction. This phys-
iological response to stress exhibited by non-
handled animals may eventually result in var-
ious psychosomatic effects: stomach ulcers,
immunosuppression, and sometimes death
from adrenal exhaustion.

The aforementioned research suggests that
early handling exercises a lasting influence on
the activity of the HPA system. These influ-
ences include autonomic changes as reflected
in reduced emotionality and increased stabil-
ity. It is, therefore, possible that early han-
dling may exercise a potentially pronounced
effect on the animal’s basic temperament and
future trainability.

Fox and Stelzner (1966) performed a se-
ries of experiments with puppies from birth
to 5 weeks of age to evaluate the effects of
early handling on development. The puppies
were exposed to various stimulus extremes,
including cold, flashing lights, noises, and
vestibular stimulation (rocking on a tilting
board). The results indicate that the stressed
puppies performed better in problem solving
(perhaps because of reduced emotional reac-
tivity) and were socially dominant over con-
trols not exposed to the earlier stress-induc-
ing experiences. Several physiological
concomitants were also observed. Stressed
puppies exhibited a precocious EEG pattern,
produced five times more adrenal norepi-
nephrine, and displayed a heart rate indica-
tive of stronger sympathetic tone. A practical
application of early handling stress was car-
ried out by the U.S. Army’s Superdog Pro-
gram (Biosensor). Immature puppies were ex-
posed to slow, refrigerated centrifuging to
produce handling stress. To my knowledge,
no published studies have been written con-
cerning these experiments, and the potential
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benefits of such treatment remains conjec-
tural, although anecdotal reports indicate “ex-
tremely promising results in terms of later
stress—resistance, emotional stability, and
improved learning ability” (Fox, 1978:165).
Some amount of handling stress should be
part of a breeder’s normal rearing practice to
compensate for the absence of naturally oc-
curring stressful changes in the whelping
area. Conditions in the average kennel may
be too artificial, insular, and protective for
optimal psychological and physical develop-
ment. Not all research findings uniformly
support the belief that early exposure to stress
is beneficial. For example, recent research in-
volving rats reported by Nemeroff (1998)
suggests that the distress evoked by briefly
separating rat pups from their mother and
littermates is sufficient to exert permanent
adverse effects over neural circuits mediating
stress reactivity and emotional arousal (see
Chapter 3 for discussion). Consequently,
there may be developmental periods when
stressful exposure is particularly beneficial
and others (e.g., early in the socialization pe-
riod) during which small amounts of stress
may produce pronounced and lasting detri-
mental results.

Although neonatal learning abilities are
limited by the range of a puppy’s sensory
abilities, conditioned appetitive and avoid-
ance responses have been established between
days 3 and 10. For example, Stanley and col-
leagues (1963) conditioned neonates to re-
spond differentially with increased approach
and sucking or repulsion and avoidance of
sucking depending on whether milk or a qui-
nine solution was presented through an artifi-
cial nipple. Stable escape-avoidance responses
toward cold-air stimulation have also been
achieved. Stanley and colleagues (1974)
placed neonates in a plastic tub with one side
covered with cloth while leaving the other
side exposed plastic. Neonates were placed on
the cloth side and stimulated with a flow of
cold air directed onto their shoulders. Tested
puppies readily escaped stimulation by mov-
ing away from the cold air and crossing into
the safety of the uncovered side of the plastic
tub. Subsequent tests demonstrated that the
puppies responded to the cloth side as an
avoidance stimulus causing them to move

into the plastic side of the tub, apparently an-
ticipating and avoiding the presentation of
the cold-air stimulus. Stanley and coworkers
(1970) also demonstrated that neonates can
readily learn a simple discrimination task in-
volving approach to cloth versus wire tactile
stimuli, depending on whether the respective
substrates provided milk. A subsequent study
(Bacon and Stanley, 1970) demonstrated that
these tactile substrate discriminations could
be reversed (making the positive stimulus
negative and vice versa). Furthermore, they
found that the ability to learn such reversals
improved with experience, suggesting that
the puppies might be acquiring a learning set
or “learning to learn.” The foregoing results
led the investigators to conclude that neona-
tal learning, though functionally limited, fol-
lows a pattern not dissimilar to the learning
of adult dogs.

Developmentally, neonatal puppies move
rapidly from primitive “vegetative” function-
ing to more complex modes of secking-avoid-
ing behavior. Determining how this process
proceeds is an important ontogenetic prob-
lem. Schneirla (1959) has proposed that this
process includes two interwoven ontogenetic
phases involving approach-withdrawal (A-W)
behavior. Early neonatal A-W behavior is dif-
ferentially evoked depending on the intensity
of the eliciting stimulus. Low-intensity
(weak) stimulation tends to elicit approach
behavior, whereas high-intensity (strong)
stimulation elicits withdrawal. As puppies de-
velop, these earlier patterns of responding are
further elaborated into more complex and in-
formative types of responding to environ-
mental stimulation. Approach behavior be-
comes seeking or, in the terminology of
learning theory, positively reinforced behavior
and withdrawal behavior become escape and
avoidance or negatively reinforced behavior.
These two broad categories form the founda-
tion of instrumental learning in dogs.

Of particular interest in this regard is the
suggestion by Schneirla (1965) that approach
behavior (relaxed-preparatory activity) is me-
diated by parasympathetic processes while in-
terruptive withdrawal behavior (reactive-pro-
tective activity) is mediated by sympathetic
processes. A-W stimulation during these early
weeks may facilitate the differential “tuning”



40 CHAPTER TwO

of the autonomic nervous system in the op-
posing directions of relaxed parasympathetic
dominance or, conversely, toward reactive
sympathetic dominance. The sensory and
motor abilities of neonatal puppies are onto-
genetically organized to facilitate appropriate
A-W behavior, thus ensuring the adequate
procurement of nurturance and warmth.
Neonatal comfort seeking is mediated by
parasympathetic arousal, including various
appetitive reactions like salivation, increased
production of digestive juices, intestinal peri-
stalsis, and generalized relaxation associated
with normal respiration and heart rate. Ma-
ternal caregiving and contact comfort facili-
tates both digestion and emotional attach-
ment (Fox, 1978). Without such comfort
contact and the parasympathetic stimulation
that it provides, normal digestive functions
and growth patterns are disrupted. Protective
sympathetic reactions, on the other hand,
momentarily interrupt such appetitive func-
tions and prepare the animal for emergency
action.

According to Rosenblatt (1983), the tran-
sition from A-W reactions based on stimulus
intensity to more mature seeking-avoiding
behavior is mediated by the modality of
smell. He has argued that olfaction provides
the foundation for a higher order of response
organization and stimulus meaning. Earlier
A-W reactions mediated by tactile and ther-
mal stimulation, for example, are identified
by odor via associative learning (contiguity)
mechanisms. Such olfactory stimuli become
the fundamental positive and negative incen-
tives that neonatal puppies seek or avoid as
determined by prior experience with these
stimuli. Although olfaction mediates some
innate (or prenatally acquired) A-W behavior
toward a few odors, Rosenblatt argues that
the vast majority of olfactory incentives are
acquired through learning. Sensory develop-
ment can be viewed as progressing from stim-
ulation requiring direct bodily contact with
the evoking stimulus (touch) to thermal ori-
entation (stimulus gradient from cold to
warm) to odors that enable a broader envi-
ronmental purview and a sufficient distance
from which vantage to identify and anticipate
significant events. As puppies develop, this

ability to scan the environment for signifi-
cance and, then, to precisely localize signifi-
cant events occurring at remote distances
sharply improves with the appearance of
functional sight and hearing.

Although neonatal puppies are capable of
learning, these abilities are confined to the as-
sociation of primitive stimulus events and ad-
justment responses. The reason for this lim-
ited ability is due (among other things) to the
absence of myelinization in the neonatal
brain. At birth, the only nerve tracts possess-
ing significant myelin sheathing are those as-
sociated with taste and sucking. Also, at
birth, there are evidently olfactory abilities
present that become progressively developed
through the neonatal and transitional period.
The behavior of neonatal puppies is mainly
composed of unconditioned reflexes adap-
tively organized to ensure adequate warmth,
nutrition, elimination, and general survival
needs. Most of these “vegetative” reflexes be-
come progressively variable as puppies de-
velop, and disappear before the onset of the
socialization period (Fox, 1964a; Markwell
and Thorne, 1987).

Transitional Period (12 to 21 Days)

The transitional period is marked by progres-
sive neurological development with steady
improvement in locomotor ability, the ap-
pearance of additional sensory modalities (in-
cluding the opening of the eyes and ear
canals), and the development of greater cen-
tral control over voluntary behavior (Fig.
2.3). The righting and visual cliff reflexes ap-
pear during this period, but they are not con-
sistent until approximately 28 days of age
(Fox, 1971). Throughout this period, the be-
havior of puppies becomes progressively more
active and independent of the influence of
neonatal reflexes (Fig. 2.4). As the eyes open,
puppies begin to crawl backward. Hind-limb
supporting reactions are weak, and variable
responses appear between 11 to 15 days of
age. A puppy can support itself on all four
limbs and walk unsteadily as early as day 12.
Early walking efforts are poorly coordinated
and associated with bobbing of the head



Development of Behavior 41

Transitional Period

Progressive sensory and
Eyes open but vision neurological development
Sensory is poor
 — Ear canals open
L
Hind-limb-placing actions
M [— Unste.ady walking, poorly
otor Backward crawling coordinated o
| I Able to eat semisolid food
. Emergence of proto-social behavior
Social EEE—
teeth emerge I
Learning abilities variable and in transition
Learning
Appearance of stable
avoidance learning |EG—G<G———
12 15 18 21 days

FI1G. 2.3. The transitional period is associated with progressive motor and sensory development.

from side to side. As flexor-extensor balance
improves, this side-to-side movement of the
head disappears.

If necessary, puppies can be weaned and
taught to eat gruel as early as day 16. The
teeth begin to emerge late in this period. Al-
though puppies can now eliminate voluntar-
ily, Grant (1986) did not observe evidence of
independent elimination in puppies during
the 20 days of his study.

The transitional period is characterized by
tremendous change and development. It is
during this time that puppies begin to leave
the cocoonlike protection of neonatal exis-
tence and emerge into a field of widening
sensory experience. Although nursing is of
great importance to puppies, an independent
desire for contact comfort is also evident dur-
ing this period. Igel and Calvin (1960) car-
ried out a series of experiments with puppies
between 11 to 30 days of age to determine a

puppy’s relative interest in nursing versus
simple contact comfort. Their study dupli-
cated an earlier experiment performed by
Harlow and Zimmerman (1959) in which in-
fant monkeys were shown to exhibit a prefer-
ence for nonnutritive cloth surrogate mothers
over wire “lactating” ones. Although nursing
remains an important activity, the mainte-
nance of contact comfort is of growing signif-
icance to developing puppies. The authors
found that puppies spent considerably more
time with nonnutritive cloth mothers than
with wire surrogates that provided milk. In-
terestingly, the puppies exhibited a growing
preference for close contact with the nonnu-
tritive cloth mother as they grew older, sug-
gesting the existence of an underlying devel-
opmental process mediating social bonding.
Stanley and colleagues (1970) found that
neonatal puppies (2 to 7 days old) also ex-
hibit a very strong preference for soft sub-
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FI1G. 2.4. Showing the developmental changes of re-
flexive behavior in the puppy. After Fox (1971).

strates over wire ones. Although the neonates
exhibited an initial preference for the cloth
substrate whether or not it provided milk, the
study demonstrated that the provision of
milk only in association with the wire surro-
gate gradually reversed this initial preference.
When the cloth substrate did not provide
milk, the neonates became progressively at-
tracted to the wire “mother” to satisfy their
nutritive needs, indicating that nutritive
needs are more important to neonates than
are contact needs at that age. This is consis-
tent with the aforementioned findings of
Fredericson and colleagues, who found that

neonatal puppies are content without direct
contact with the mother or littermates as
long as they are kept warm. Further evidence
that the dog’s social response undergoes pro-
gressive development is provided by Gantt
and colleagues (1966), who were unable to
detect a consistent cardiac response to petting
in puppies at 2 weeks of age. In fact, they
were unable to detect stable cardiac decelera-
tion in puppies under 3 to 4 months of age.
The so-called effect of person and the calma-
tive qualities associated with petting are not
evident in puppies until the close of the so-
cialization period.

Although stable avoidance learning is not
consistently obtained before 3 to 4 weeks of
age (Fuller et al., 1950), studies have traced
the development of such learning during the
transitional period. For example, Cornwell
and Fuller (1961) found that puppies as
young as 15 days of age could learn a reliable
(50%) conditioned avoidance response to a
puff of air paired with shock. They observed
that avoidance learning progressively im-
proves, reaching a 90% reliability by day 19,
thus generally confirming earlier studies in-
volving avoidance conditioning in puppies
(Fuller et al., 1950; James and Cannon,
1952). Although conditioned avoidance re-
sponses can be established, they are develop-
mentally limited to a narrow range of sensory
modalities that are functional at the time,
making puppies unsuitable candidates for sig-
nificant early behavior modification or train-
ing. With the onset of the socialization pe-
riod at around 3 weeks of age, dramatic
developmental improvements occur in a
puppy’s ability to learn.

With the close of the transitional period,
puppies experience a rapid increase in the
amount of social and environmental stimula-
tion that they must process and enter into a
long period of adjustment to the environ-
ment. Fox (1966¢) has compared the general
course of puppy development with other al-
tricial species and humans, finding that a
similar sequence of developmental events ex-
ists for both humans and dogs. The ontoge-
netic expression of behavior moves steadily
from primitive adaptations and reflexive orga-
nization to the culminating emergence of
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higher behavioral integration. The crucial
step in this transition from a reflexive organi-
zation to social awareness and identity takes
place during the next several weeks collec-
tively known as the critical or sensitive period
of socialization.

SOCIALIZATION: LEARNING TO
RELATE AND COMMUNICATE

The developmental period extending roughly
from 3 to 12 weeks of age is the most influ-
ential 9 weeks of a puppy’s life. This period is
associated with the development of many so-
cial behavior patterns and a great deal of
learning about the environment. Much of
what is learned during this early period is
lasting, providing a foundation for many
adult behavior patterns and problems (Fox,
1968), appetites and aversions, social affini-
ties and responsiveness (Scott, 1958), sexual
behavior (Fox, 1964b), patterns of active and
passive agonistic behavior, play behaviors
(Fox, 1966¢), packing (allelomimetic) behav-
iors (Scott, 1968b), reactions to separation
and other emotionally provocative situations
(Pettijohn et al., 1977), approach-avoidance
patterns (Fox, 1966¢), the development of
dominate-subordinate relationships (Scott
and Fuller, 1965), patterns of exploratory be-
havior and general activity levels (Thompson
and Heron, 1954; Wright, 1983), functional
fear and avoidance responses (Melzack and
Scott, 1957), general learning and problem-
solving ability (Fuller, 1967; Lessac and
Solomon, 1969), and trainability (Pfaffen-
berger and Scott, 1959). Virtually every func-
tional behavior system is strongly impacted
by the kind of treatment a puppy receives
during this period.

Primary Socialization (3 to 5 Weeks)

Prior to week 3, puppies are somewhat so-
cially insulated and only minimally aware of
conspecifics. However, with the advent of in-
creased sensory and motor abilities, an extra-
ordinary new interest in social interaction
takes place between 3 and 5 weeks of age. A
constellation of interrelated behavior patterns
and emotional tendencies appear at this time,

heralding a lively social awareness and re-
sponsiveness (Fig. 2.5). Puppies begin to ex-
hibit more intense signs of distress (e.g., vo-
calizations and physical efforts to secure
contact) when briefly separated from the
mother and littermates. Kinship recognition
and preference is evident from an early age.
Puppies (20 to 24 days) undergoing acute
separation distress exhibit a pronounced pref-
erence for bedding saturated with the odor of
littermates over that of nonlittermates
(Mekosh-Rosenbaum et al., 1994). Al-
lelomimetic (group coordinated) activity and
social play begin to appear around this time,
with the litter behaving like a miniature pack.
Playful aggressive and sexual encounters oc-
cur frequently between littermates. Various
predatory components appear during play,
including stalking, pouncing, and shaking.
These behaviors are exhibited toward litter-
mates as well as inanimate objects that invite
such curiosity and treatment. Additionally, a
great deal of sparring takes place between sib-
lings, but the dominant-subordinate roles are
unstable, with social status shifting from mo-
ment to moment. Puppies spend large
amounts of time mouthing and biting each
other but appearing to take care not to bite
too hard. This period may be a sensitive one
for the acquisition of bite inhibition or a soft
mouth. Some puppies that have been weaned
too early in this period tend to bite more
vigorously and harder than the norm (Fox
and Stelzner, 1967). This inhibitory effect
over hard biting may stem from feedback re-
actions from the mother if a puppy bites too
hard while nursing, or from reactions elicited
during playful jousting with littermates.

This period is especially important for the
development of a stable emotional tempera-
ment and affective tone. Many social and
emotional deficits observed in adult dogs are
believed to result from removing puppies too
early from the mother and littermates. Al-
though scientific studies are lacking, ample
anecdotal reports and case histories reveal
very pronounced effects resulting from early
weaning or insufficient socialization with
conspecifics. Behavioral sequelae commonly
observed as the result of such treatment in-
clude emotional rigidness, overreactivity, and
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F1G. 2.5. The socialization period includes primary (3 to 5 weeks) and secondary phases (6 to 12 weeks).
During this period, active social interaction, bonding, and play emerge as prominent activities occupying the

puppy’s time.

increased vigilance and anxiety. Such dogs are
prone to develop attachment-related prob-
lems involving separation distress—evoked be-
haviors like excessive barking, compulsive de-
structive behavior, and psychogenic
elimination problems. They are more likely
to develop aggression problems toward other
dogs as adults (Pfaffenberger, 1963). Dogs
forming overly exclusive bonds with an
owner may become suspicious or aggressive
toward strangers, viewing them as a threat to
their attachment. When not aggressive, such
dogs are often overly fearful of other dogs,
preferring human company over that of con-
specifics. They are frequently sexually inhib-
ited toward their own kind but may actively
redirect such behavior toward their owners.
Not all puppies prematurely separated from
their littermates exhibit these deficits, but
many do exhibit some degree of emotional

disequilibrium or deficiency.

During this period, the mother begins to
leave the whelping area more frequently and
for longer periods. On returning to the nest,
she may regurgitate in response to the solici-
tous behavior of her puppies. The regurgitant
feeding response is most commonly exhibited
during the final stages of lactation and termi-
nates shortly after weaning (Martins, 1949).
Malm (1995) learned from breeder respon-
dents in Sweden that the timing of the first
regurgitant response is highly variable, rang-
ing from 3 to 6 weeks of age, with the major-
ity of mothers exhibiting the response for the
first time during week 4. Further, the ten-
dency appears to be somewhat breed depen-
dent, with mothers belonging to some breeds
being less likely to regurgitate than others.
Wilsson (1984/1985), for example, found
that, among 17 German shepherd mothers,
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none exhibited the behavior during his obser-
vations. James (1960) found that regurgita-
tion was often elicited when the puppies at-
tempted to nurse while the mother remained
standing. In addition, the puppies exhibited
begging behavior consisting of energetic
jumping up and profuse licking of the
mother’s lips and muzzle in an apparent ef-
fort to evoke regurgitation. Rheingold (1963)
reported only infrequent episodes of regurgi-
tation by the mothers she observed. Such et-
epimeletic (care seeking) behavior is probably
the behavioral antecedent of adult greeting
ritual displays exhibited during homecom-
ings. Fox (1971) has speculated that many
adult social behavior patterns may be traced
to prototypical antecedents in the dog’s early
ontogeny (Table 2.2). It is interesting in this
regard that besides being solicitous toward
the owner and guests, many young dogs and
puppies may urinate during excited greetings
or when leaned over or reached for, a social
pattern that may be ontogenetically related to
another alimentary function performed by
the mother—lingual elicitation of urination.
With the advent of increased motor abilities,
puppies wander more widely and begin to
leave the nesting area to eliminate on their
own. With the emergence of this tendency,

the mother stops ingesting the feces. At this
time, puppies can be taught to eat semisolid
food to supplement the mother’s nursing.
Eating such rations is socially facilitated by
group feeding. The puppies engage in intense
exploratory behavior involving sniffing, paw-
ing, digging, chewing, tearing, and picking
up a wide variety of available objects. Puppies
are enthusiastic and responsive to new social
encounters but appear to exercise special pref-
erences for particular individuals they know
best. A striking behavioral feature appearing
at this time is the development of expressive
tail wagging:

One of the outstanding changes in behavior at
the beginning of the period of socialization is
the tendency of puppies to respond to the sight
or sound of persons or other animals at a dis-
tance. The 3-week-old puppy approaches
slowly and cautiously toward a human observer
seated quietly in its pen. It finally comes close
and starts nosing his shoes and clothes. After
this, it may start to wag its tail rapidly back
and forth. The tail wagging itself appears to
have no directly adaptive function, but is sim-
ply an expression of pleasurable emotion to-
ward a social object. What effect it has on
other dogs is difficult to tell, but it seems to
have the same effect on human observers as the

TABLE 2.2. Comparison of puppy behavior antecedents with related adult social behavior pat-

terns

Puppy behavior patterns

Adult behavior patterns

Anogenital presentation during reflex
elimination produced by maternal
licking

Licking and leaping directed toward
the mother’s mouth to elicit
regurgitation

Separation-distress vocalizations,
yelping, and whining

Distress vocalizations

Upward head movement, butting—
nursing behavior

Competition over optimal nursing
sites and food

Passive submission displays involving rolling on
the side, submissive urination

Adult greeting routine, active submission—jump-
ing up and licking

Adult separation-distress vocalization, howling,

and barking
Passive submission vocalizations

Social greeting—play solicitation

Dominance-related behavior

Source: After Fox (1971).
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smile of a child; i.e., it is a reward for the per-
son who has initiated a social contact. (Scott

and Fuller, 1965:104)

During the neonatal period, the electrical
activity of the puppy brain is minimal, with
only slight differences being evident between
waking and sleeping states. With the onset of
the socialization period at 3 weeks of age, a
clear and pronounced EEG differentiation
can be seen, with an adultlike EEG pattern
appearing between weeks 7 and 8. These
EEG changes are correlated with significant
emotional and physiological concomitants as-
sociated with the socialization process. Be-
sides the improvement in brain functions,
other physiological changes reflecting emo-
tional responsiveness can be observed. Scott
(1958) identified a regular pattern of deceler-
ation, acceleration, and denouement in the
heart rates of puppies during the first 16
weeks of life. These changes in heart rate ap-
pear to demarcate the onset and offset of the
critical or sensitive period for socialization,
coinciding with significant changes in ap-
proach-avoidance patterns and the intensifi-
cation of distress vocalization during separa-
tion from littermates. Initially, neonatal
puppies exhibit a very rapid heart rate. This
fast heart rate is maintained throughout the
neonatal and transitional periods but then
undergoes a sharp decrease after week 3
(parasympathetic dominance) and remains at
that level until week 5, when it suddenly ac-
celerates again, peaking between weeks 7 and
8 (sympathetic dominance) before gradually
slowing down over the next several weeks
toward adult levels. It has been speculated
that the sharp dip in heart rate between
weeks 3 and 5 results from the integration of
corticohypothalamic neural connections and
the development of increased sensitivity to
emotion-eliciting stimuli and social condi-
tioning. A sympathetic rebound between
weeks 5 and 7 is followed by autonomic
equilibration and fine tuning over the ensu-
ing several weeks, with a leveling out of heart
rate toward adult levels by 16 weeks of age.
After week 5, puppies become progressively
more cautious and hesitant about making
new social contacts—a growing fearful ten-
dency that appears to peak with the close of

the socialization period at 12 weeks. Prior to
this time, puppies are virtually immune to
lasting negative impressions, readily recover-
ing from fearful social experiences without
apparent effect or permanent avoidance
learning. After week 5, the recovery time fol-
lowing aversive or fear-eliciting stimulation is
significantly protracted. This pattern of de-
velopment culminates in the emergence of
adultlike brain activity and the appearance of
a particularly sensitive period for fear im-
prints around 8 to 10 weeks of age (Fox,
1966¢).

Scott (1967) has speculated that the devel-
opment of social attachment and identifica-
tion results from a combination of two pri-
mary developmental pressures. Puppies
exhibit an early preference for social contact
and familiar locations, becoming distressed
when isolated in an unfamiliar place. Such
emotional distress is immediately alleviated
when contact is reestablished. This pattern of
distress and relief ostensibly strengthens a
puppy’s tendency to maintain close contact
with conspecifics and familiar surroundings
and, by default, the avoidance of novelty. In-
tense separation reactions occurring during
isolation are well developed by week 3. A
simple behavioral analysis may be useful in
understanding the motivational dynamics
governing the phenomena involved. Contact
behavior is intrinsically reinforced by relief
from distress associated with isolation, pre-
sumably strengthening an underlying social
bond with littermates or human companions.
Scott (1967) describes an experiment in de-
fense of this hypothesis in which 5- to 7-
week-old puppies were isolated from litter-
mates overnight and then allowed contact
with human companions for 3 hours during
the day. The results of this experiment indi-
cate that the puppies exposed to overnight
isolation formed stronger social attachments
to human handlers than did controls, sug-
gesting that the aversive emotions generated
by isolation are closely related to the attach-
ment process. The emotional reactions
elicited by social isolation are intense drive-
like affects that overshadow even hunger in
priority (separation-reactive dogs are gener-
ally anorexic). Separation and isolation repre-
sent strong aversive events for puppies and
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dogs alike, forming the emotional basis for
time-out procedures used in puppy training
and behavior management.

A fear of strangers appears between 5 and
7 weeks of age and quickly develops over sev-
eral weeks, culminating in the close of the so-
cialization period during week 12. This de-
veloping social fear and reactive avoidance of
new social contacts complements the overall
solidification of previously established social
contacts and bonds.

Secondary Socialization (6 to 12 Weeks)

Unlike most animals, dogs are unusual in
that they must adjust to stringent interspe-
cific demands required by domestication.
These demands are far reaching, extending
from toilet habits to the sharing of affection
and play with an alien species—us. A dog
must feel equally comfortable in the com-
pany of other dogs as well as enjoy human
companionship. Such social flexibility is in
large measure contingent on early exposure
and experience. The process of bonding and
social conditioning within the context of the
human domestic environment is referred to
as secondary socialization. For most purposes,
secondary socialization begins in earnest
when a puppy leaves the mother and litter-
mates to begin life with a human family. The
ideal timing for this transition is 7 weeks of
age, with a relative range of =1 or +1 (6 to 8
weeks). The 7-week marker is a long-standing
convention among insightful breeders and
trainers, but it is also supported by various
empirical observations (Freedman et al.,
1961). Firstly, this period is associated with
increasing irritability on the mother’s part to-
ward her young, coinciding with the decline
of lactation and a growing disinterest in nurs-
ing. This disinterest is not shared by her pup-
pies, whose appetites are as sharp as their
teeth. Not surprisingly, maternal punishing
activity peaks at around this time (Rheingold,
1963; Wilsson, 1984/1985). The mother’s
job is done both nutritionally and psycholog-
ically, making 7 to 8 weeks of age a very sen-
sible time for final weaning and the finding
of a new home for her brood. Secondly,
within the licter itself, agonistic interaction

between the puppies has reached a peak, and

although their aggressive play is not intended
to hurt, the skills and attitudes developed by
such incessant competitiveness does not ben-
eficially serve puppies in terms of their future
adaptation to family life.

In addition to the foregoing observations,
experimental study of the social development
of puppies reveals that several motivational
parameters associated with bonding and so-
cialization peak at about this time (Scott and
Fuller, 1965). For instance, distress vocaliza-
tion and reactive behavior exhibited during
brief isolation from littermates reaches its
highest levels at around 7 weeks of age but
undergoes a rapid decline through week 10.
Also peaking at this time is a puppy’s willing-
ness to approach strangers confidently and to
investigate novel things with vigorous tail
wagging. However, the strongest support for
encouraging adoption during week 7 stems
from the progressive potentiation of fearful-
ness and the simultaneous attenuation of so-
cial approach tendencies occurring at this
time. This pattern of increasing fear and so-
cial avoidance forms a trajectory that culmi-
nates with the close of the socialization pe-
riod sometime after week 12. These two
opposing social dimensions (fear and attrac-
tion) optimally intersect during week 7 (Fig.
2.6). The balanced interplay of attraction and
fear is fundamental to bonding and socializa-
tion in the broadest sense.

From what has been discussed, puppies
appear to be developmentally prepared to ex-
perience the most efficient secondary social-
ization during a short period around 7 weeks
of age. However, this does not suggest that
puppies younger or older than 7 weeks are
unfit or unable to benefit from socialization.
The critical or sensitive period hypothesis of
socialization stresses that a short period of
time, or window of opportunity, exists during
which optimal socialization effects can be
fully realized. It does not, however, state or
imply that socialization occurring outside of
these developmental boundaries is not benefi-
cial.

A reasonable objection against delaying
secondary socialization until around week 7
might be based on arguments favoring an
earlier starting point for socialization. Five-
week-old puppies are more outgoing and less
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fearful of social contact than are 7-week-old
puppies. It would appear to make sense,
therefore, to initiate secondary socialization
at an earlier stage in the socialization process
rather than waiting. Certainly, it is a period
when conscientious breeders should be pro-
viding daily and careful handling consistent
with a puppy’s future placement. However,
there are many benefits accruing from keep-
ing the litter intact until week 7. These fac-
tors have already been discussed in detail, but
to reiterate: puppies removed from the litter
too early are at risk of developing adjustment
problems of one sort or another as adult
dogs. Adoption is a matter of timing. Both
the extreme of adopting too early (before
week 6) or too late (after week 12, with the
emergence of increasing social avoidance)
may compete with appropriate socialization
or predispose puppies to develop social ad-
justment problems.

Maternal Influences on Secondary
Socialization

A significant factor not yet discussed is the
mother’s possible role as a model and facilita-
tor of secondary socialization. The primary
affectional bonds existing between the indi-
vidual and the group are elaborated from the
primal relationship between the mother and
siblings (Harlow, 1958; Scott and Fuller,
1965); however, the mother’s influence on a
developing puppy in terms of her effect on
secondary socialization is not completely un-
derstood, and the literature on the topic is di-
vided. Some anecdotal reports suggest that
the mother may play an important role in the
regulation of aggressive behavior through the
exercise of early motherly discipline. The ex-
tent of modeling and observational learning
on social behavior is not well documented in
dogs, but undoubtedly such learning exists to
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some extent. The mother’s emotional tone
and reactivity may encourage similar reac-
tions in puppies via empathy, social facilita-
tion, and observational learning, and thereby
“inoculate” them with either a positive or a
negative emotional bias toward people and
other dogs. Her negative reactions (aggression
or fear) may be the result of heredity, her
own personal history with people, or a com-
bination of both. In any case, impressionable
puppies are at considerable risk of internaliz-
ing her attitudes during the socialization pe-
riod and, perhaps, even before birth
(Thompson, 1957). Although observational
learning has not been adequately demon-
strated in adult dogs (Thorndike,
1911/1965), Adler and Adler (1977) have
shown that such learning does exist during
puppyhood, at least. The authors emphasize
the potential importance of observational
learning in the acquisition of social behavior
patterns. Slabbert and Rasa (1997) have
demonstrated that puppies (9 to 12 weeks of
age) exhibited greater trainability as narcotic
detectors at 6 months of age if they were per-
mitted to observe their mother performing
searching exercises. Kuo (1967) has found
that a mother exercises a strong influence on
the development of food preferences in her
puppies.

This is an area needing more detailed re-
search. It is a common belief that canine
progeny reflect more of the mother’s emo-
tionality than the father’s, but this has not
been convincingly demonstrated as a sex-
linked outcome. Prenatal and postnatal influ-
ences probably exert a more significant influ-
ence in these apparent differences. Other
behavioral traits are strongly encoded and re-
sist modification by maternal and other social
influences. Scott and Fuller (1965) found
that many breed-specific behavioral tenden-
cies persist in spite of cross-fostering, isola-
tion rearing, or transferring puppies at vari-
ous ages to a litter of a different breed.
Similarly, McBryde and Murphree (1974)
were unable to detect a significant difference
between genetically nervous pointer dogs
raised with their nervous mother versus those

cross-fostered with normal mothers. Finally,
Wilsson (1984/1985) has proposed that ma-
ternal influences on emotionality may de-
pend more on how the mother treats her
puppies during weaning rather than on a
modeling effect resulting from her reactions
toward humans.

Although much remains to be learned in
this area, responsible breeders should “play it
safe” and choose only mothers who are exem-
plary in both form and temperament, not
leaning toward excesses in terms of fear, ag-
gression, or excitability. In the case where a
litter is born to an unstable mother, puppies
should be weaned early (Fox, 1968) and
placed under the care of a more balanced fos-
ter mother, or the puppies should be hand-
fed. As the study by McBryde and Murphree
suggests, though, the genetic substrate of
such a mating will probably not yield very
much to such efforts.

Although the early effects of mother nur-
turance, modeling, and discipline provide a
secure foundation for social development, ex-
cessive contact with the mother beyond the
first few months may have a disruptive and
damaging effect on a dog’s development. This
is particularly evident in the case of some
male puppies kept under the tutelage of an
excessively domineering mother for too long.
Such puppies may become insecure syco-
phants, unable to stand on their own and de-
velop their full potential. Another common
situation that is rather problematical is when
two littermates are raised together. This sort
of arrangement is rarely recommended, since
very often one of the puppies seems to flour-
ish while the sibling is overshadowed and
fails to achieve its potential. Pfaffenberger ob-
served similar difficulties with dogs reared
with their mother or sibling:

At San Rafael, besides the experience of having
over-aggressiveness develop in dogs who did
not remain under the mother’s discipline long
enough, we have had some bad effects from
overlong canine socialization. I cannot remem-
ber a single dog who was raised with her
mother to adulthood who could be successfully
trained for a Guide Dog. Where two litter
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mates are raised together in the same home we
have had the same results. Puppies raised in
homes where there are dogs not related to
them have never been affected this way by the
association with other dogs. ... In the case of
two litter mates raised together, one becomes a
successful candidate for Guide Dog work and
one fails, even if their aptitude tests were equal.

(1963:125)

Play and Socialization

Play is an important aspect of dog behavior,
exercising a continuous influence over social
development and learning throughout the life
of a dog. Bekoff (1972) notes that play serves
a vital mediational role in the formation of
dominance hierarchies among both domestic
and wild canids. Threat and appeasement dis-
plays are highly prepared, appearing early in a
puppy’s life and not requiring much learning
for their expression. Young puppies exhibit a
large repertoire of agonistic threat and ap-
peasement behaviors. These behaviors are of-
ten first expressed during playful sparring ac-
tivities between littermates. Considering the
amount of such interaction, it is safe to as-
sume that agonistic play serves an important
role in the development of social behavior in
dogs. Play depends on a high degree of inter-
active tolerance, affection, and trust—aspects
of play that help to deflect and modulate so-
cial antagonisms that arise between closely
bonded group members. Playful interaction
continues only as long as the players remain
friendly and confident. However, play is not
simply about the exchange of affection—it is
an activity in which various combative skills
are practiced and mastered without risk of
mutual injury to playful competitors. Agonis-
tic play is a natural way for puppies to evalu-
ate their social standing and to explore limits.
Skinner (1982) notes that the aggressive play
of puppies is modified and rendered more ef-
fective by intrinsic consequences that have no
real survival relevance for the puppies besides
shaping more effective play. Nonetheless,
these early experiences prepare developing
dogs for adulthood, making them more effec-
tive and skillful when remote contingencies
finally do appear that threaten to produce po-
tentially serious consequences. In addition to

facilitating agonistic learning, play has many
other influential facets that profoundly affect
developing puppies, especially with respect to
adult social responsiveness and trainability.
Eberhard Trumler emphasizes the importance
of play in this regard:

The main point to remember is that the games
played during the socialisation period establish
once and for all who is a playmate and who is
not; if his master takes no part during this pe-
riod, this is a fact which, from the dog’s point
of view, governs his attitude in the future. The
canine father, who spends much of his time as
teacher and trainer, also plays with his puppies;
he is adept at using a game to turn his lessons
into fun. In this we ourselves can learn from
the dog. Development into a good sporting
dog or a performing dog which will do all
kinds of tricks with genuine pleasure begins in
the socialisation phase. Only at this period is
the puppy susceptible to learning the joy of
learning. Only if account is taken of this nat-
ural evolution can a healthy attitude to learn-
ing be inculcated and there will then never be
difficulties later when something new is de-
manded. ... Many difficulties will be avoided if
one begins, while the dog is still a small puppy,
to knit the bonds of confidence and establish
one’s own position of predominance and com-
mand authority by means of a merry game.
Then the dog will show not antipathy to the
new demands which change his existence but
there will be a gradual transition from playing
to all those other things which a good dog
should be able to do. (1973:125-126)

The role of play in training and social de-
velopment is more fully discussed in Volume
2, but briefly, in the succinct words of Hedi-
ger, “Good training is disciplined play”
(1955/1968:139). Play and training are not
contrary things, but complementary activi-
ties. If puppies or dogs cannot be shown the
play in an activity, they will not willingly per-
form it for long. Nothing is more motiva-
tionally important in dog training than play.

LEARNING TO COMPETE AND COPE

With the close of the socialization period,
dogs enter into a long period of juvenile de-
velopment and progressive independence.
The remainder of the chapter addresses the
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emergence of a number of prominent onto-
genetic changes presaging adult social behav-
ior and environmental adjustment. The de-
velopments between weeks 12 and 21 are
associated with the integration of all major
behavioral functional systems, maturing sen-
sory abilities, and learning (Fig. 2.7).

Social Dominance (10 to 16 Weeks)

A dog’s tendency to form lasting social bonds
is derived from the evolutionary development
of the pack as the basic social organization of
wolf behavior. In the context of the pack,
highly aggressive, possessive, and potentially
dangerous individuals are brought together in
harmonic coexistence. This close interaction
is not without tension and periodic disputes
over food, sleeping areas, possessions, breed-
ing privileges, and leadership. These complex
dynamics require a sophisticated internal or-
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ganization and various “rules” governing so-
cial exchange. To ensure efficient functioning,
pack members are ranked or socially stratified
along a continuum of relative dominance.
This so-called peck order or dominance hier-
archy not only defines status but also assigns
the various roles permitted and functions re-
quired of an animal’s rank in the pack order.
Behaving in ways inconsistent with one’s sta-
tus or rank results in social tension and possi-
bly the display of hostilities toward the of-
fending member.

Such organization serves many biologically
significant functions. For instance, to be an
effective large-prey predator, wolves long ago
organized themselves in a way that maximizes
their effectiveness as a hunting group. Also,
stratified relations of dominance and subordi-
nation provide a powerful social glue binding
an otherwise aggressive species together into a
working unit while simultaneously reducing
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FIG. 2.7. Prominent developmental changes occurring between 12 and 21 weeks of age.
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interactive tension and hostilities between
members. Within the pack, there is a con-
stant vigilance and tension pressing for the
expansion of social power among members.
This situation is kept in check through the
exchange of ritualized threats and deferential
appeasement displays. Serious dominance
contests that result in damaging or lethal
dominance fights infrequently occur in na-
ture, although such fights occur more fre-
quently among wolves (especially females)
kept in captivity. Dominance is structured
along sexually dimorphic lines with an alpha
male and alpha female at the top of their re-
spective hierarchies. Although the pack is
usually led by the male, this is not always the
case. Individual members within the pack
form “political alliances” among themselves,
adding further stability to the pack and com-
plexity to the line of power. One such al-
liance is between the breeding pair. In
essence, the union of the alpha male and al-
pha female brings the whole pack together in
the united purpose of procreation. Social
dominance yields two primary benefits to the
alpha animal: status and reproductive prerog-
ative. Within the context of the wolf pack,
such positioning has tremendous value and is
worth struggling to obtain and maintain, per-
haps even risking serious injury when neces-
sary.

Social competitiveness among puppies be-
gins early, coinciding with the beginning of
the socialization period. James (1955) found
that, among 6-week-old puppies, dominant
individuals routinely secured food first or
threatened or pushed away subordinates. Ac-
tual physical attack with biting was rarely ob-
served, indicating that at an early age more
ritualized means of resolving competitive dis-
putes are already functional. In a previous
study (James, 1949), he found that a more or
less stable social hierarchy develops among
most litters of puppies by 12 weeks of age.
He divides the hierarchy into three main
parts: (1) a very aggressive-dominant group
(2) a midgroup (a group that may be better
termed subdominant); and (3) an inhibited-
submissive group. The midgroup is subordi-
nate to the aggressive-dominant group but
exhibits dominance over the inhibited-sub-

missive group. He noted that there was little
antagonism among members belonging to
the midgroup.

The harmonious interaction of midgroup
members may be attributable to the
midgroup’s ample experience and exercise of
both dominant and submissive behavior—
that is, they more successfully ritualize their
agonistic interaction. In the case of domi-
nant-aggressive puppies, they are unable to
defer, generating social tension wherever they
happen to be. On the other hand, submissive
puppies lack the ability to assert themselves,
thus becoming the constant target of more
aggressive and dominant littermates. Finally,
James (1949) also observed that heated com-
petitive interaction between dominant pup-
pies infrequently resulted in the disputants
attacking one another. Instead, a frustrated
competitor was more likely to vent his hostil-
ity by redirecting it toward a submissive un-
derling remaining at some distance away
from the food bowl.

It has been frequently observed that pup-
pies tend to eat more when fed in a social sit-
uation than when fed singly (Ross and Ross,
1949). James (1961) found that the effect of
social facilitation on eating depends on the
relative dominance of the puppies observed.
Dominant puppies ate considerably more
food in the presence of other puppies than
was eaten by more subordinate counterparts.
A similar dominance factor may help to ex-
plain Scott and McCray’s (1967) findings
concerning the effects of social facilitation on
running speed in noncompetitive versus com-
petitive situations. They determined that
paired puppies ran a 200-foot course faster,
but only if they were each given a food re-
ward at the end of the run. When a competi-
tive element was added—that is, only the
winner was rewarded, the times were slightly
depressed. Perhaps, under conditions of com-
petition, the more subordinate puppy may
decline to try as hard to obtain the reward.
Consequently, the dominant one would not
need to run quite as fast to get the food,
which would explain the negative effect of
competition on running speeds. Incidentally,
the depressing effect of competition on run-
ning speeds was especially pronounced in



Development of Behavior 53

cases where strong elements of competition
were evident between the paired puppies.

A large portion of a puppy’s interaction
with littermates is of a competitive or agonis-
tic nature. Competition may take place over
the most productive teats, food, toys, sleeping
areas, and, apparently, just for the fun of it.
Playful dominance testing and nonspecific
social quarreling is commonplace within the
licter. The litter in many particulars is very
similar to the pack. The latter may only be a
more highly organized, purposeful, and regi-
mented development of the former—a pro-
gression moving from a nurturing matriarchy
to a stable patriarchal stratification of pack
members into an organized working group.

Among wolf pups, serious aggressive ef-
forts to establish dominance may appear as
early as 30 days of age and result in a stable
rank order between contestants (Mech,
1970). In the case of dogs, dominance rela-
tions between puppies are rather loosely orga-
nized and may change significantly during
the early weeks of social development
(Wright, 1980). A 7-week-old puppy might
go to sleep content with her most recent
dominance victory, only to lose it during
breakfast the following day. The fluidity and
instability of the dominance structure is
probably responsible for the constant play
fighting and agitation occupying the puppies
when not sleeping or otherwise distracted.
This social situation becomes progressively
more organized through week 11, and by
week 15 or 16 it is replaced by a stable social
organization of dominant/subordinate rela-
tionships (Scott and Fuller, 1965). James
(1949) also noted a stabilization of the domi-
nance hierarchy occurring around 16 weeks
of age in association with a sharp shift in
dominance relations. After this time, the
ranking order between the puppies remained
stable into adulthood.

Although a puppy’s size and sex are im-
portant determinants of social status, rank is
also affected by various experiential factors,
such as the quality and quantity of early so-
cial contact. Fisher (1955) found that permis-
sively reared and indulged puppies were usu-
ally dominant over other experimental
groups, including those puppies that were al-

ternately punished or indulged during social
contact, puppies whose social contact was
limited to interactive punishment, and pup-
pies that were isolated over the entire period.
In comparison with these others, the in-
dulged group was more competitive and ag-
gressive during dominance tests; they consis-
tently controlled the bone in spite of their
often being female and smaller. Fisher noted
only one exceptional case contrary to this
general pattern. Of all the groups of puppies
observed, the isolates were the least aggressive
and competitive, having apparently lost or
suffered a dramatic attenuation of the normal
patterns of intraspecific agonistic behavior.

The implications of these findings are im-
portant for understanding puppy dominance
testing and agonistic challenges directed to-
ward family members. Prior to week 11,
dominance positioning is more or less sham
and labile, but as puppies move into month 4
and beyond, they become progressively more
confident and defensive about their domi-
nance status. Such puppies can be extremely
“testy” and are often prepared for a battle of
wills. As the result of previous playful fight-
ing, dominant puppies may engage in persis-
tent and provocative mouthing on the hands
and clothing of their innocent and confused
human companions, who may be of the false
opinion that their puppy’s oral excesses are
mainly due to teething, exuberance, or affec-
tion. Precocious dominance aggression is
occasionally observed among puppies of this
age group. The problem with early displays of
excessive mouthing or dominant behavior is
that it frequently prefigures adult dominance-
related problems. Further, since a dog’s be-
havior is most flexible and malleable before
16 weeks of age, it is important that such is-
sues be resolved by then. Many gentle train-
ing and massage techniques are now available
to help facilitate subordination and coopera-
tive behavior in puppies.

While young puppies may also engage in
such testy behavior, their willingness to aban-
don the urge to dominance test and mouth
makes it easier to modify or redirect. A gen-
eral rule of thumb when choosing a puppy is
to pick one that fits somewhere in the middle
of the litter dominance hierarchy. Determin-
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ing where a puppy lies within the peck order
is not always easy, since dominance relations
are loosely defined, especially during the early
weeks. Tests devised by breeders and trainers
to scan for and rate relative dominance have
come under recent suspicion (Beaudet et al.,
1994) although, as matters stand, testing can
be useful even if the results are not entirely
reliable as fine predictors of future behavior.
There can be no doubt, however, in cases of
extremes (as in overly aggressive or fearful
temperament types) that such tendencies can
be isolated by temperament testing per-
formed by an experienced evaluator. Puppy
testing has been used for predicting trainabil-
ity in military working dogs (U.S. Army’s
Biosensor Research Team) and selecting
guide-dog candidates (Pfaffenberger, 1963).
Recently, however, Wilsson (1997) has ques-
tioned the validity of early puppy tests for
predicting suitability for service-dog work.
His tests carried out with 8-week-old puppies
failed to detect predictive indicators for train-
ability when the dogs were tested again at be-
tween 15 and 20 months of age. Despite
these problems, a good biweekly or weekly
testing regimen may be beneficial for puppies
simply because of the added attention and
learning experiences it provides—contact that
might not otherwise be available. These in-
struments are not intended to assess or pre-
dict potential temperament flaws or future
performance in any particular area but are
employed to evaluate a puppy’s temperament
at the time of testing and to define areas that
may need special attention. Subsequent test-
ing can be used to monitor a puppy’s
progress objectively.

Social Attachment and Separation

Puppies form very strong social attachments
and become emotionally reactive and dis-
tressed when separated from littermates or
the mother. For immature dogs, maintaining
social contact enhances their chances of sur-
vival and is probably a strongly prepared
canid trait. Sustained distress vocalization
may serve to attract the attention and aid of
the mother. Under conditions where help is

not forthcoming, puppies (and the separa-
tion-anxious adult dogs) appear to become
fixated in an unresolved state of emotional
tension and progressive reactivity. The conse-
quence of unanswered distress vocalization is
escalation and perseveration. Several factors
influence the magnitude of distress vocaliza-
tion. Fredericson (1952) found that puppies
separated from their littermates vocalized
much more when confined alone, averaging
211 vocalizations per 5 minutes of observa-
tion versus 30 vocalizations when confined
with a companion puppy. Another important
factor is the location of confinement. Elliot
and Scott (1961) found that puppies con-
fined in a familiar area are much less reactive
to separation than matched counterparts con-
fined to a strange pen (Fig. 2.8). Further-
more, puppies tested in a familiar area appear
to adjust progressively to separation from
week 3 onward, whereas counterparts ex-
posed to confinement in a strange area ex-
hibit rising levels of distress that culminate
during week 7. Comparing the two groups at
7 weeks of age shows that puppies confined
to a strange pen are more than three times as
reactive than those puppies confined in a fa-
miliar pen.

Pettijohn and colleagues (1977) carried
out a series of experiments to compare vari-
ous means of alleviating separation distress in
young puppies. They compared the occur-
rence of distress vocalization in the presence
of various stimulus conditions: food (bones,
familiar food, and unfamiliar food), toys
(hard toy, soft toy, and towel), dog contact
(mother, unfamiliar dog, and mirror), and
human contact (observer behind wire, passive
handler, and active handler). The least effec-
tive stimulus condition for the attenuation of
separation distress was food, with unfamiliar
food being slightly more effective than famil-
iar food or bones. Among toys, the strongest
alleviation was obtained with soft objects, in-
cluding a stuffed animal and a towel. The
provision of hard rubber toys yielded no ben-
efit. Interestingly, the withdrawal of the soft
toys resulted in a distress surge moving above
pretest baseline levels. The mirror produced a
strong modulatory effect on distress vocaliza-
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F1G. 2.8. Distress vocalization is affected by context, with the familiar home pen producing significantly less

distress than that occurring in the strange one. Note that separation-distress reactions in the strange pen peak
between 6 to 8 weeks. After Elliot and Scott (1961), with permission.

tion, only slightly less so than the presence of
the puppy’s mother. They observed little dif-
ference in the effect of the mother versus an
unfamiliar dog. The most effective attenua-
tion of separation distress (even better than
contact with the mother) was produced by
both active (slightly better) and passive con-
tact with a human handler (Fig. 2.9).

The manner in which separation reactivity
and distress is handled may dramatically ef-
fect how well a puppy copes with being left
alone. Care should be taken to expose the
puppy gradually to increasing confinement
and graduated separation experiences. Trau-
matic crate training, excessive confinement,
long-term isolation, and dependency-produc-
ing affection rituals (excessive pampering and
coddling) may contribute to the later devel-

opment of separation problems. Young pup-
pies have a strong developmental need for
close, sustained social contact with con-
specifics—a need that a new owner must sat-
isfy. The practice of having a puppy sleep in
the kitchen or laundry room (often allowing
the puppy to cry to point of exhaustion) is
not a sensible approach, since such experi-
ences may sensitize the puppy to react nega-
tively when confined or when left alone.
Early confinement experiences associated
with high degrees of distress may potentiate
unwanted separation reactions, including de-
structiveness, excessive vocalization, or house
soiling. By exposing puppies to gradual incre-
ments of confinement and separation, they
can more naturally habituate and learn to ac-
cept being left alone when that is necessary.
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Puppies not exposed to separation experi-
ences early in their development tend to be-
come excessively reactive when they are fi-
nally exposed to it. Elliot and Scott (1961)
evaluated the reactions of several groups of
puppies that were exposed for the first time
to separation in a strange pen at different
ages beginning at week 3. The puppies were
divided into four groups. Group 1 was first
exposed to separation in a strange pen at 3
weeks of age—an experience that was subse-
quently repeated on a weekly basis through
week 12. The other puppies were similarly
exposed to weekly testing, but it was delayed

until they were 6 weeks old (group 2), 9
weeks old (group 3), and 12 weeks old
(group 4). Interestingly, puppies belonging to
group 4 that were not exposed to separation
until 12 weeks of age appeared to panic and
were unable to cope effectively with such ex-
periences, whereas the other groups (espe-
cially group 1) appeared to have learned how
to adjust more effectively when separated
from litctermates—that is, they appeared to
have habituated to the separation experience
(Fig. 2.10). Additionally, this study also
demonstrated that there exists a definite rela-
tionship between increasing reactivity to sep-
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FI1G. 2.10. Pattern of habituation to separation at various age groups. Note strong reaction of the 12-week
group not previously exposed to separation. After Elliot and Scott (1961).

aration and the appearance of the hypotheti-
cal optimal period for secondary socialization
at around 7 weeks of age. The separation re-
activity of the 3- and 6-week-old puppies
clearly peaked at this time (Fig. 2.8).

There appears to be no direct link be-
tween the emotions of fear (e.g., startle) with
separation anxiety (Davis et al., 1977). Also,
Scott (1967) concludes, on the basis of stud-
ies involving chlorpromazine, that the tran-
quilizer’s effect on separation distress is the
result of generalized sedation rather than a re-
duction of anxiety:

In moderate doses the tranquilizer chlorpro-
mazine has the effect of slowing down the rate
of vocalization, but larger doses do not pro-
duce a proportionate increase in the effect,
which appears to be an indirect result of seda-
tion rather than a direct effect of alleviating the
emotion. Under this drug a puppy with his lit-
ter mates will be sound asleep. Placed in a
strange situation, he immediately gets on his
feet and starts vocalizing, at a somewhat lower

rate than usual, but without a letup. Assuming
that chlorpromazine has the effect of alleviat-
ing anxiety, and defining anxiety as the emo-
tion generated by anticipation of events in the
future, we can conclude that anxiety plays little
part in the emotional responses to isolation in

a strange place. (1967:124)

Although both fear and anxiety appear to be
distinct from separation-distress reactions,
punishment tends to paradoxically increase
attachment behavior in young puppies
(Fisher, 1955; Stanley and Elliot, 1962).
Therefore, punishing a separation-anxious
puppy may indirectly make the animal’s sepa-
ration distress worse, resulting in increased
barking, yelping, and the exhibition of other
separation-related behaviors. A similar effect
has also been reported by Hess (1964), who
demonstrated that attachment behavior
among chicks is facilitated by the delivery of
mild electric shocks presented during the im-
printing process. Additionally, confining a
puppy to a crate may make things worse. De-
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spite a widespread belief to the contrary, a
puppy does not appear to feel more secure
when restrained in a crate. Ross and col-
leagues (1960) found that puppies were espe-
cially reactive to separation when re-
strained—whether alone or with a littermate.
Restrained puppies were three times more re-
active than unrestrained littermates exposed
to the same conditions of isolation (Fig.
2.11). The degree of familiarity with the lo-
cation of restraint also appears to play an im-
portant role. Puppies are much less separa-
tion reactive when confined in a familiar
area. When puppies are restrained in an unfa-
miliar area, however, emotional reactivity is
greatly amplified, with the frequency of dis-
tress vocalizations doubling in number
(Scott, 1967). These laboratory findings sug-
gest that the practice of confining a puppy in
a remote part of the house (like the base-
ment) should be avoided.

Although some risk exists in punishing a
noisy puppy, it may be necessary to do so
[e.g., a loud clap of the hands and reprimand
or the toss of a shaker can (a soda can with
several pennies in it)] for the sake of expedi-
ency, especially where sustained desensitiza-
tion efforts have failed or have produced only

Mean Number of Yelps
1500 Alone
1000
Together
500
Alone
100 Together
Restrained Unrestrained

FIG. 2.11. Restraint has a pronounced potentiating
effect on distress vocalization in puppies separated
from littermates in a strange place. After Ross et al.

(1960).

modest results. Whenever possible, however,
distress vocalization should be managed by
shaping quiet behavior with rewards and per-
forming a series of graduated departures.
Even in cases where punishment is successful,
the suppressed distress vocalization may only
end up being replaced with a worse problem
like house soiling or destructive behavior

(Borchelt, 1984).

LEARNING TO ADJUST AND CONTROL

The foregoing discussion has emphasized the
role of early socialization and attachment in
the ontogeny of puppies. Puppies that fail to
receive sufficient contact during the critical
period of socialization may exhibit lasting
deficits in their social responsiveness and gen-
eral trainability. To gain the most benefit
from the least effort and investment of time,
it has been demonstrated that timing is of vi-
tal importance. In fact, it has been estimated
that as little as 20 minutes of social contact per
week during the socialization period is suffi-
cient to offset the adverse effects of social iso-
lation in puppies (Fuller, 1967). With such
an impact occurring as the result of mini-
mum social contact, one can only imagine
the potential benefits possible for young pup-
pies that receive that amount of focused at-
tention every day.

Environmental Adaptation

(3 to 16 Weeks)

Of equal importance to a puppy’s psychoso-
cial development is access to a varied envi-
ronment rich in diversity of objects, textures,
and structures with which to interact and ex-
plore. A puppy’s curiosity and excitement
about the external environment emerge along
with the development of the various senses
and motor abilities. Nature itself provides a
boundless outlet for a puppy’s inquisitiveness
and exploratory activity. For instance, an out-
door excursion or a playful romp in the
woods provides a profusely enriched environ-
mental experience. Nature is the most readily
available resource for sensory-motor exposure
and locomotor experience and experimenta-
tion, but exposure to nature alone is not
enough to ensure adequate stimulation and
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adjustment. Although the natural environ-
ment provides puppies with outlets for ex-
ploratory behavior, they must also be exposed
and habituated to stimuli associated with the
artificial environment within which they will
spend the majority of life. This includes ex-
posure to the sounds of traffic, everyday
noises like a vacuum cleaner, and various
other noisy appliances and routines.

A puppy’s sensory and psychological need
for environmental exposure is supported by
the results of many studies on the effects of
isolation on development. Thompson and
Heron (1954) compared the effects of severe,
moderate, and normal restriction on general
activity and exploratory behavior. Their re-
sults show that activity levels and exploratory
behavior significantly increased, depending
on degree of restriction, but these differences
gradually narrowed as a function of remedial
exposure and maturity, suggesting that some
of the effects of early restriction are reversible.
Thompson and colleagues (1956) observed
that, in addition to increasing general activity
levels, severe restriction resulted in the devel-
opment of compulsive whirling and tail snap-
ping in isolates. Of 11 Scottish terriers ex-
posed to severe restriction, eight developed
the stereotypic habit of whirling. Fisher
(1955) also observed similar whirling behav-
ior exhibited by isolates while in their home
cages; however, after several weeks of expo-
sure to a nonrestricted and socially enriched
environment, the whirling habit disappeared.
The habit was most conspicuous among
wirehaired terriers. Fox (1967) found that
even short periods of partial isolation early in
the socialization period produced pro-
nounced effects on behavioral and neurologi-
cal functioning. Isolates were restricted to a
darkened room for 1 week (week 4) with hu-
man contact being limited to 1.5 minutes per
day for cleaning and feeding. Controls were
kept in a similar cage but with greater expo-
sure and contact with other dogs. The gross
behavior of isolates was different from con-
trols along several dimensions: isolates were
much more active, their behavior was disor-
ganized, and they tended to ignore visually
and tactilely interesting objects (a mirror, toy,
and piece of cloth). Although both isolates

and controls were attracted to a cloth item,

the isolates spent most of their time sniffing
rather than biting or playing with it. When
the mirror, toys, and cloth were removed, iso-
lates were unaffected whereas controls
scratched at the door or searched the testing
area while whining or crying. Controls ap-
proached the mirror with tail wagging
whereas the isolates took no interest in it. In
general, isolates were socially withdrawn (ex-
hibiting little vocalization or tail wagging)
and did not engage in playful interaction
with littermates. Further, isolates showed a
preference for inanimate objects and engaged
in self-play instead of making social contact
with other puppies or observers. Fox also
found that exposure to short-term isolation
resulted in the display of tail chasing and
whirling previously observed by Thompson
and colleagues.

In addition to the behavioral deficits re-
sulting from short-term partial isolation, Fox
(1967) found several correlative alterations in
brain-wave activity of the isolates when com-
pared with controls. From these observations,
he concluded that isolates were overwhelmed
by intense arousal stimulated by the enriched
testing area. He speculated that isolates suf-
fered an increased sensitivity to sensory stim-
ulation. The neurological locus of the dys-
function may have been “acute reticular
arousal,” rendering the isolate unable to filter
out irrelevant from relevant input. The out-
come of overarousal was a short-circuiting of
the isolate’s ability to select appropriate and
adaptive responses to the impinging stimula-
tion affecting them. Under the influence of
remedial exposure, short-term isolates quickly
recovered and appeared normal according to
behavioral and EEG parameters after 7 days.

The effects of long-term isolation have
also been studied. Lessac and Solomon
(1969) isolated puppies from 12 weeks to 12
months of age and then compared their be-
havior under various testing situations with
that of controls raised under the influence of
social contact and environmental exposure.
Isolates exhibited many “psychologically de-
structive, deteriorative, or debilitative effects”
(1969:22). During observations of free-rang-
ing behavior, the experimenters found that
isolates exhibited sustained generalized
arousal, high motor activity, diffuse emotion-
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ality, and distractibility, perhaps representing
a developmental model of hyperactive-atten-
tion deficit disorder. The isolates frequently
bumped into furniture and walls. They ap-
peared oblivious to their surroundings, swept
up in a vortex of “diffuse and disorganized
behavior.” They ignored external sounds and
barked at irregular intervals independently of
what they happened to be doing or attending
to at the moment. While many of them raced
toward the experimenter when he entered the
room, they failed to make any contact. They
simply raced by as though not seeing him.

In contrast, the controls, which were
raised with social contact and environmental
exposure, were much more focused and di-
rected in their free-ranging activities. When
they barked, the barking was directed at
someone or something. They also spent a lot
of time pawing at the door separating them
from the experimenter. Although initially
very excited, the puppies calmed down
within 5 minutes. They intently sniffed and
explored the test area, frequently spending as
long as 90 seconds exploring a single object
attracting their attention. When noises oc-
curred on the outside of the room, they
quickly oriented in the direction of the
sounds. When the experimenter entered, they
all approached and followed him around the
room.

Two particular test situations revealed
striking signs of disability involving coping
mechanisms and the breakdown of previously
learned behavior, especially with regard to ef-
fects associated with frustration and pain/fear
reactions. Lessac and Solomon tested 12-
week-old puppies on their ability to solve a
simple barrier test and to learn a shock-
escape/avoidance response. The experimental
isolates and controls were subsequently tested
at 12 months. The barrier test requires that a
puppy go around a wire barrier in order to
obtain meat on the other side. Puppies at 12
weeks of age exposed to this problem solved
it within 50 seconds (all values are mean ap-
proximations). Testing after a year revealed
that isolates languished behind the barrier for
up to 130 seconds before solving the prob-
lem, while the socialized/exposed controls

solved the problem within 10 to 15 sec-
onds—substantially bettering their scores ob-
served at 12 weeks of age. Interestingly, Fox
(1967) found that week-4 isolates were sig-
nificantly slower than controls in solving this
barrier test, as well. The author noted that,
instead of eating as the controls did, the iso-
lates nibbled on the meat briefly and ran off.
Instead of improving over a number of trials,
the isolates’ ability to solve the problem ap-
peared to deteriorate with practice.

The study also tested the isolates’ ability
to learn a simple shuttle-box escape-avoid-
ance response. The puppies were placed in a
box divided into two compartments divided
by a shoulder-high barrier. The discriminative
stimulus signaling pending shock was a 10-
second darkness interval. The moment the
puppy jumped the barrier, the light was
turned back on and shock terminated. Shock
was continued for up to 1-minute duration
or until the puppy jumped over the barrier.
The mean time for 12-week-old puppies to
escape shock was 16 seconds. Interestingly,
one of the experimental groups that had not
received training at 12 weeks prior to being
isolated did particularly poorly on this test,
taking 45 seconds to jump the barrier while
receiving continuous shock. This is in sharp
contrast to the socialized control group
(which also had not received training at 12
weeks), which successfully jumped the barrier
in 9 seconds. In both of these tests, a strong
emotional component involving frustration
and pain/fear is involved. Isolates appear to
possess particularly poor adjustment skills
when it comes to situations charged with
frustrative or fearful components.

Fuller (1967) also reported a series of ex-
periments examining the effects of isolation
on puppy behavior and has evaluated various
techniques for reversing its effects (Fuller and
Clark, 1966a, 1966b). Fuller exposed several
groups of puppies to varying amounts of iso-
lation to determine the causes underlying the
isolation effect. Consistent with findings of
Lessac and Solomon (1969), Fuller observed
that isolates tended to exhibit striking emo-
tional, sensory, and motor deficits when first
exposed to an open area for observation.
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However, Fuller has interpreted these find-
ings in a somewhat different way. Lessac and
Solomon viewed isolation as having a de-
structive, deteriorative effect on the isolate,
whereas Fuller explains the isolation effect in
terms of an emergence-stress response. Unlike
controls that have had a chance to habituate
to the complex stimuli associated with ordi-
nary levels of stimulation, isolates when first
exposed to an ordinary environment are over-
whelmed by its novelty and complexity. Since
they are inadequately prepared to process and
respond to the stimulation, they are seized by
various emotional reactions and bizarre be-
haviors that block more appropriate and
adaptive coping behaviors. Even when pup-
pies were raised together in pairs or permitted
access to toys in their cages, the isolation ef-
fect was still evident when they were finally
released from confinement.

Fuller has theorized that the behavior of
isolates is precipitated by an emotional state
incompatible with normal adjustment. Con-
sequently, he carried out a series of experi-
ments based on this simple hypothesis: if
postisolation disturbances of behavior are due
to excessive emotional arousal, then such dis-
turbances could be ameliorated if the emo-
tional reactivity of the isolated puppies was
reduced. To test this hypothesis, he exposed
isolates to two emotion-reducing influences:
handling and chlorpromazine. Fuller found
that isolates handled or given a combination
of handling and chlorpromazine prior to ex-
posure performed more like normal controls
(Fuller and Clark, 1966b). Fuller and Clark
conclude that isolated puppies (provided that
they are not genetically hypersensitive to the
effects of isolation) can recover their emo-
tional and sensory equilibrium if exposed to
appropriate handling and/or drug therapy:

It appears that much perceptual organization
can take place with minimal stimulation, and
that appropriate responses can be elicited read-
ily in post-isolates if interfering behavior is
controlled. Certainly the intensity of post-iso-
lation effects can be greatly modified by vary-
ing the conditions of emergence. Under espe-
cially favorable circumstances, forced contact
with the handler, a suitable dose of chlorpro-

mazine, and a robust genotype, the post-isola-
tion syndrome can be totally eliminated. The
outlook for the experientially deprived organ-
ism may be more hopeful than recent experi-

ments have indicated. (1966b:257)

Development of Exploratory Behavior

Socialization and environmental exposure
practices should follow an age-appropriate
pattern. Waiting until a puppy is 16 weeks
old before letting it venture out into the real
world is too late. On the other hand, expos-
ing a puppy too early to too much stimula-
tion may generate negative side effects, as
well. Scott and Fuller (1965) found that pup-
pies reared under semiferal conditions
avoided excursions beyond 10 to 20 feet
from their home boxes until they were
around 12 weeks of age. Such information
suggests that a puppy’s readiness for environ-
mental exploration and exposure is develop-
mentally sensitive. Some puppies do, in fact,
strongly object to leaving their immediate
home environments until after they reach 12
weeks of age, yet many puppies as young as 7
weeks old happily explore new environments
as long as they are in the company and safety
of a human guardian.

Fox and Spencer (1969) carried out a se-
ries of experiments to determine the relative
importance of experience versus age on the
development of exploratory behavior. The
puppies they studied were divided into two
groups depending on the sort of test exposure
they experienced at different ages. Cross-sec-
tional exposure involved exposing puppies to
the novel stimulus situation at various ages,
some at 5, some at 8, some at 12, and some
at 16 weeks of age. The second group, longi-
tudinal exposure, had puppies exposed to
novel stimulus situations at each of the above
test periods. In other words, the cross-sec-
tional group was exposed to only one test pe-
riod overall, while the longitudinal group was
exposed to all four test periods. The worst
deficits were observed in the cross-sectional
groups exposed to the test situation at only
weeks 12 and 16, suggesting that early expe-
rience with novelty is crucial for the develop-
ment of normal exploratory behavior. The
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study revealed that the longitudinal group be-
came progressively more exploratory than the
cross-sectional group over time. The puppies
receiving longitudinal exposure via testing to
novel stimulus situations significantly
benefited in terms of their tendency to ex-
plore and tolerate novel situations and

events.

Wright (1983) has studied the effects of
different rearing practices on exploratory be-
havior and stimulus reactivity in German
shepherd puppies. He tested and evaluated
the differential effects of hand rearing versus
litter rearing on the exploratory behavior and
stimulus reactivity of puppies at 5.5 weeks
and 8.5 weeks. His findings indicate that
hand-reared puppies are significantly more
curious, spending more time in close proxim-
ity to and examining more frequently novel
objects placed in their environments. In con-
trast, litter-reared puppies are much more re-
served and avoidant toward novelty at 8.5
weeks of age than are hand-reared counter-
parts. Wright concludes that rearing practices
should include active handling and environ-
mental exposure early in a puppy’s life to
both enhance curiosity and receptivity to
novelty and to prevent the development of
fearful avoidance responding:

There are practical applications of these find-
ings for breeders interested in increasing the
chances that their pups will not develop avoid-
ance reactions to unfamiliar aspects of their en-
vironment. First, rearing pups together, with
access to large areas for locomotor activity, may
not be an adequate rearing-procedure by itself.
Second, handling, and the exposure to unfa-
miliar people, other animals and other novel
stimuli (characteristic of hand-rearing) may be
a more effective rearing-strategy. (1983:33)

During outdoor excursions, extra precau-
tions should be taken to minimize risks on at
least two fronts: (1) the risk of exposure to
communicable disease and (2) the risk of ex-
posure to traumatic or overly threatening ex-
periences. The first danger can be mitigated
by avoiding places frequented by other dogs
and keeping the puppy’s vaccinations up to
date. The second caution is harder to guard
safely against. As previously mentioned, there
is a particularly sensitive period for the devel-
opment of lasting fear impressions, extending

roughly between weeks 8 and 10. For in-
stance, if a puppy is accidentally stepped
upon as a 9-week-old, he may develop a
chronic fear of feet or shoes. Many adult
phobic reactions in dogs may have their ori-
gins stemming from experiences occurring
during this period.

Careful environmental exposure carried
out systematically through gradual incre-
ments of intensity and duration allows pup-
pies to habituate to potentially fear-eliciting
stimuli without undue distress. A puppy’s en-
vironment should be rich in diversity of ob-
jects, textures, and structures with which to
interact and explore. A puppy’s curiosity and
excitement about the environment emerges as
the puppy matures and develops greater con-
fidence in the complementary directions of
emotional security and physical dexterity.
Owners should refrain from reassuring ner-
vous puppies by petting and soothing words
while the puppies exhibit fear, even though it
seems so natural and appropriate. The provi-
sion of such emotional support is hard to re-
sist, but it may inadvertently strengthen a
puppy’s fearful reaction rather than reduce it.
Attempts to relax and calm puppies should
be made prior to exposing them to the fear-
eliciting stimulus.

An effort should be made to expose pup-
pies to a wide variety of physical and social
situations, while being careful to ensure that
they are positive experiences. Techniques for
reducing fear responses are discussed in great
detail later, but the key to environmental ex-
posure is a patient, gradual, and orderly pro-
gression of direct interactive exposure. It is
useful to engage puppies in an activity that
they have already learned and enjoy while
such exposure is taking place—for example,
walking quietly on the leash, playing ball or
fetching a stick, taking treats of food, or re-
ceiving petting and praise. Keep the process
active and moving, ever-prepared to distract
puppies should they become too fearful or
alarmed. In general, puppies engaged in some
activity or movement tend to be less anxious
and fearful than those unoccupied or stand-
ing still.

The staging of environmental adaptation
experiences should include exposure to those
things that are desirable for puppies to ap-
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proach as well as teaching them the things
and activities to avoid. Just as fears and pho-
bias are readily established during the social-
ization period, appetites and potentially
harmful activities are also quickly learned.
Many problems can be avoided by carefully
selecting chew toys that cannot be easily gen-
eralized to valued personal belongings. Giv-
ing a puppy an old shoe, socks, discarded
plastic bottles, a broken chair leg, or carpet
remnants establishes such objects (and similar
ones) as chew toys. The consequence is to in-
advertently turn the entire house into a
sumptuous temptation for an orally active
and exploratory puppy. In addition to the
very likely possibility that oral preferences are
imprinted to some extent, chewing for the
dogs is both physically and psychologically
satisfying. Consequently, puppies may de-
velop a lifelong appetite and preference for
items presented to them for oral entertain-
ment early on. These acquired preferences
may persist indefinitely or until they undergo
aversive counterconditioning or punishment,
a rather unfair outcome since the whole situ-
ation could have been prevented by more
careful selection of chew toys in the first
place. Prevention rests on directing oral ex-
ploration into outlets of greatest satisfaction
and limiting these outlets to a small number
of objects easily discriminated from personal
belongings. Efforts to prevent puppies from
engaging in inappropriate or destructive
chewing behavior should include careful su-
pervision and confinement. Unfortunately,
crate confinement often takes the place of
puppy training. Although the crate performs
a useful function in puppy training, it is of-
ten used in excess or as a permanent method
of daily confinement. Long-term or excessive
reliance on crate or kennel confinement may
have an adverse effect on the social behavior
of an otherwise well-socialized puppy (Fox,

1974).

Learning and Trainability

The socialization period extends roughly
from weeks 3 to 12. Throughout this period,
puppies exhibit a pronounced sensitivity for
the acquisition of a wide variety of social and
environmental coping and adjustment skills.

If puppies are not provided with adequate so-
cial contact or exposure to an environment
rich in variety during this period, their psy-
chosocial development may be significantly
compromised or impaired. Such puppies are
unlikely to reach their full potential as adults
and may be at risk for developing a variety of
behavior problems linked with developmental
deficits or trauma occurring during these
early formative weeks. Controlled studies
show that puppies are able learners; in fact,
this period could very aptly be called the
“critical period for social learning.” At no
other time in a dog’s life is he more receptive
to training based on affection and reward.
EEG measures and the results of many be-
havioral studies demonstrate that 8-week-old
puppies function at nearly an adult level in
terms of learning ability. Apparently, how-
ever, as puppies mature, the ease with which
they learn noticeably begins to decline by
about 16 weeks of age (Scott and Fuller,
1965):

As to basic learning capacities the puppy ap-
pears to be fully developed before the outset of
the juvenile period. At about 4 months of age
the speed of formation of conditioned reflexes
begins to slow down. This is probably not be-
cause the nervous system deteriorates but
rather because what the puppy has previously
learned begins to interfere with new learning.
As will be seen later there is some evidence that
the behavior of the puppy begins to reach a
stable organization about this age; that is, he
has established the foundation for what he will
learn in the future. (1965:109)

Fox performed a number of experiments
to explore the developmental constraints af-
fecting early learning in dogs. For example,
in one of these influential studies, he trained
puppies at various ages to run toward a han-
dler positioned at the end of a short runway
(Fox, 1966b). The puppies were divided into
three age groups, ranging from 5 to 13 weeks
of age. After the above preliminary training
was carried out, the puppies were exposed to
a mild shock that was delivered just before
they reached the handler. The results from
week to week were somewhat surprising and
puzzling. Fox found that the 5- to 6-week-
old puppies tended to “forgive” the handler
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between the weekly testing sessions and
would approach without hesitation despite
past shock experiences. On the other hand,
puppies belonging to the 8- to 9-week-old
group tended to be much more avoidant,
with half of them refusing to approach at all.
In contrast, the 12- to 13-week-old puppies
tended to persevere and continued to ap-
proach the handler, apparently ignoring the
threat of shock. From these results, he con-
cluded that avoidance training prior to week
8 is not practical since the effects of such
learning tend to degrade rapidly. However,
waiting until the puppy is 12 or 13 weeks of
age may be too late for the initiation of some
forms of avoidance training. The best time to
commence mild avoidance training appears
to be around 8 to 9 weeks of age:

Conditioned avoidance (electroshock on ap-
proach to human) was unstable in pups aged
between 5-6 weeks, so that learning at this age
cannot be reliably undertaken, for without
considerable reinforcement, the learned re-
sponse will disappear with age. In some pups
aged 8-9 weeks, electroshock caused stable
conditioned avoidance indicating this age is a
sensitive period when certain traumatic stimuli
have the most marked effect. Thus inhibitory
training (sit, stay and house breaking) may be
most easily accomplished at this time. By
12-13 weeks of age, inhibitory training is
more difficult to establish for emotional attach-
ment to man may interfere with certain in-
hibitory training procedures. However, leash
training to heel, follow and retrieve on the ba-
sis of these findings could be commenced at
this age. Thus reward training (food, or contact
by stroking and vocal reward) by virtue of the
close emotional bond that can be established
between dog and trainer, can best be com-
menced at 3 months of age. (Fox,

1966b:285-286)

In another experiment, Fox and Spencer
(1967) studied the development of delayed-
response learning in dogs. Positive results
from delayed-response testing have been
strongly correlated with higher cognitive
functions and working memory. To navigate
the delayed-response test successfully, puppies
must be able mentally to represent significant
features of the stimulus situation, hold that
information in memory across time, and ap-

ply it to the problem at hand. The basic ex-
perimental situation utilized by the experi-
menters consisted of an 8-foot (2.4-m) by 8-
foot testing area containing a starting box
and three other boxes uniformly distributed
in the space. One compartment, the neutral
box, located in the rear center of the area,
never contained food. The experiment re-
quired that the various groups of puppies
learn to identify the location of a piece of
hidden food by relying on secondary cues
provided by the handler’s position. In other
words, the puppies had to first learn that the
hidden food could always be found in the
compartment located closest to the handler.
Gradually, they were exposed to increasingly
difficult requirements and then tested for de-
layed-response abilities. The test phase of the
experiment involved allowing puppies to ob-
serve the location of the handler and then
blocking their view of the situation by briefly
closing the starting box, at which time the
handler left the testing area. Once clear, each
puppy was released into the area but without
the advantage of the handler’s presence to
help it locate the hidden food—the puppy
had to remember the handler’s location in or-
der to solve the problem. The delay was grad-
ually increased over several trials, and the
puppies’ performance recorded at various
ages. The experiment revealed that puppies
differed in their delayed-response abilities ac-
cording to their age.

Interestingly, both the 4-week-old group
and the 16-week-old group performed poorly
on the task. The best delayed-response per-
formances were made by puppies belonging
to the 12-week-old group. The results of this
study seem to provide additional support to
the findings of Scott and Fuller, indicating an
apparent disruption of learning abilities as
puppies approach 16 weeks of age. On aver-
age, the 16-week-old puppies made far more
mistakes than did the 12-week-old puppies.
Fox has speculated that this negative shift in
learning ability may be the result of a phasic
developmental excitatory-inhibitory imbal-
ance in which excitatory processes temporar-
ily override inhibitory ones. As a result of
such excitatory dominance, 16-week-old
puppies may be less able to inhibit incorrect
responses to the unrewarded box, thus mak-
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ing more errors than the neurally balanced
12-week-old group. These findings suggest
that puppies pass through an important de-
velopmental phase or “terminal maturational
processes” of increased excitability at around
16 weeks of age. It also indicates that this pe-
riod may not be the best time to commence
inhibitory training. This shift in ability is
temporary, since adult dogs perform better in
delayed response than do 12-week-old pup-
pies.

What appear to be somewhat conflicting
results concerning the puppies delayed-re-
sponse abilities have been reported by
Gagnon and Dore (1994). In a series of ex-
periments exploring object permanence in
dogs, a variation on delayed-response testing,
the researchers found little difference among
dogs between 8 weeks to 9 months of age
with respect to their ability to locate objects
that had been invisibly displaced as they
looked on. Reliable evidence of object perma-
nence was not observed in dogs that were un-
der 11 months of age. The study suggests
that a late developmental period occurring at
the end of the first year is associated with
cognitive elaborations involving object per-
manence. The researchers found that puppies
between 6 and 7 months of age were unable
to locate invisibly displaced objects, whereas
dogs 11 months and older were regularly suc-
cessful in their efforts to locate invisibly dis-
placed objects. Dogs between 8 and 10
months of age exhibit mixed abilities with
respect to object-permanence abilities.
Although tentative, these results suggest the
existence of a very significant change in ca-
nine cognitive abilities at approximately 11
months. Comparing these results with the
earlier findings of Fox and Spencer is prob-
lematical. The two studies employ very dif-
ferent experimental designs and, perhaps,
measure different cognitive abilities, making
conclusions difficult to form regarding their
significance for one another.

The quality of secondary socialization tak-
ing place after week 12 appears to have a di-
rect bearing on a dog’s trainability as an
adult. Pfaffenberger and Scott (1959) carried
out a socialization experiment involving
guide-dog puppies. All the puppies involved

were exposed to identical treatment, training,

and testing until week 12. During week 12,
some of the puppies were removed from the
kennel situation and reared in homes under
the care of 4-H Club members. Also, at this
time, the usual contact between the remain-
ing puppies and the evaluators was termi-
nated. Of the puppies placed in 4-H homes
at 12 weeks of age that had successfully
passed earlier temperament and intelligence
tests, 90% went on to complete guide-dog
training successfully at 1 year of age. The re-
maining puppies were placed in foster homes
over the next several weeks at different ages
until week 19. The experiment revealed a
striking effect: those animals that were placed
into homes more than 2 weeks after the close
of the socialization period (12 weeks) had a
significantly higher rate of failure than pup-
pies that had been placed in homes during
week 12 (Fig. 2.12).

Pfaffenberger and Scott argued that this
effect was probably due to an abrupt break in
the socialization process, rather than the re-
sult of some underlying developmental
change taking place during the several weeks
immediately following the close of the social-
ization period. Provided that this supposition
is accurate, it would seem to indicate that the
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FIG. 2.12. Puppies kept in the kennel after 12 weeks
of age were less likely to become guide dogs as adults.
This influence was especially marked in puppies fail-
ing carly “aptitude” tests. After Pfaffenberger and
Scott (1959).




66 CHAPTER TwoO

benefits of early socialization may be re-
versible in an especially negative way by
abrupt cessation of socialization activities fol-
lowing the conclusion of the socialization pe-
riod. The phenomenon observed by Pfaffen-
berger and Scott may be an artifact produced
by the superficial socialization efforts carried
out prior to week 12. From birth to 8 weeks
of age, the experimental group of puppies re-
ceived only minimal social contact that took
place incidental to custodial care. During the
period extending from weeks 8 to 12, they
received a half-hour of individual contact per
week associated with evaluation and various
testing procedures. Although a half-hour per
week of sustained socialization appears to be
enough to produce a normal dog, it may not
be enough to produce a puppy able to with-
stand the effects of abrupt partial isolation.
Fox has also noted that the socialization ef-
fect is contingent on sustained social contact
and may be reversed under conditions of ne-
glect and isolation:

Although there is an optimal period for social-
izing pups, there is evidence that dogs may
subsequently regress or become feral. The so-
cial bond with man may be broken when well-
socialized pups are placed in kennels at three or
four months of age; by six or eight months
they are shy of strangers and often of their
caretakers if they have not been handled much.
In addition, they may be extremely fearful
when removed from their usual quarters. Their
fearfulness is the result of a combination of in-
stitutionalization and desocialization.

(1974:60-61)

This so-called kennel-dog syndrome is particu-
larly evident in German shepherds, with the

more independent terrier breeds being appar-
ently less susceptible to the negative effects of

prolonged kenneling (Scott, 1967).

Imprinting-like Processes and
Canine Skill Learning

Imprinting is a learning phenomenon distin-
guished by three primary characteristics: (1)
it requires a small amount of early exposure,
(2) it occurs during a relatively short sensitive
period, and (3) it exhibits long-lasting and

durable effects. The imprinting period is usu-
ally bounded by relevant developmental
processes. The learning or lack of learning ex-
perienced during this impressionable period
is largely irreversible. In its broadest sense,
imprinting is a process (limited by the afore-
mentioned parameters) whereby an innately
prepared species-specific tendency or pattern
of behavior is brought under the control of a
preferred stimulus, releasing agent, object, or
situation. Although imprinting is a learning
phenomenon primarily associated with social
attachment and identification, its role in the
development of complex behavioral patterns
is worthy of speculation. Tinbergen
(1951/1969) observed that Eskimo dogs in
Greenland learned the territorial boundaries
of neighboring packs during a fixed “critical”
period associated with sexual maturity. Two
of the dogs he observed began to defend ter-
ritory and avoided other territories within 1
week of their first sexual encounters. Prior to
this time, the dogs appeared unable to learn
not to trespass onto surrounding territories in
spite of repeated and severe attacks, a persis-
tence Tinbergen attributes to developmental
immaturity. Similarly, many canine skills like
retrieving, willingness to stay close during
walks, coming when called, and house train-
ing appear to have especially sensitive periods
for their introduction and training.

For instance, a dog’s willingness to fetch
an object is definitely influenced by early ex-
posure to retrieving games. If puppies are
prevented from engaging in ball play until af-
ter week 14 or so, they may not show a sig-
nificant interest or willingness to engage in
activity later on. Although many such dogs
can be eventually trained to retrieve, the
process is impeded by a lack of early exposure
and experience. Scott and Fuller (1965) made
a valuable serendipitous discovery about the
importance of early exposure for learning re-
trieving skills by dogs. As the result of logisti-
cal constraints, they put off retrieving tests
until puppies were 32 weeks of age instead of
performing them during week 9 as had been
their original plan. The experimenters were
surprised by the puppies’ poor retrieving
scores: only 11% returned the item and re-
leased it to their handlers. They also observed
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that the 32-week-old puppies were harder to
train than those that had been introduced to
retrieving earlier, at 9 weeks of age. They
concluded that there might exist a critical pe-
riod for learning to retrieve, “a time when the
probability of executing the complete pattern
is relatively high, so that reward training can
be maximally effective” (Scott and Fuller
1965:219).

Incidentally, the single most reliable indi-
cator of a puppy’s general temperament and
potential as a companion or working dog is
revealed by the puppy’s willingness to re-
trieve. Many “gifted” puppies perform this
activity without any previous training and on
the first or second try. In my experience, such
puppies, all other things being equal, usually
develop into excellent companions and work-
ing dogs. As an evaluator at Biosensor (U.S.
Army Superdog Program), I found that the
most reliable predictor among young puppies
(8 to 10 weeks) for success as military dog
prospects was an avidity for ball play and vig-
orous interest in rag play. Similarly, Pfaffen-
berger (1963) reports a strong link between a
puppy’s willingness to retrieve and later suc-
cess in training as an adult guide dog. An-
other highly predictive indicator was a
puppy’s degree of tolerance toward novel
(frightening) moving objects. Failure to fetch
a ball or tolerate the approach of a small two-
wheeled cart predicted an increased risk of
failure in the guide-dog training program.

An area of interest for average dog owners
regards active following and coming when
called. Long walks consisting of occasional
surprise maneuvers, exciting changes of pace,
unexpected chase and counterchase episodes,
hide-and-seck games, punctuated with occa-
sional opportunities for ball play or stick
fetching—all facilitate the learning of appro-
priate “staying close” skills in puppies. Such
interaction strongly stimulates leader-follower
bonding and other social components con-
ducive to obedience training. If puppies are
not exposed to such experiences during the
socialization period, as adult dogs they are
typically more difficult to train to come
when called or to stay nearby on walks. In
contrast, puppies exposed to off-leash walks,
playful recall training, and ball play are in-

variably easier to instruct in the performance
of related tasks as adults.

Another behavioral tendency that appears
to rely heavily on an imprinting-like
processes is house training. There appears to
be a narrow window of opportunity between
7 and 9 weeks of age for introducing house
training most efficiently. Puppies started dur-
ing this time tend to do much better and
have far fewer accidents than puppies whose
training is postponed until later. During this
period, puppies develop location and sub-
strate preferences away from their nesting
area. Proper house training relies on directing
innately programmed tendencies and patterns
of behavior into appropriate outlets. If a
puppy acquires a preference for eliminating
indoors on the carpet or even on papers in
the kitchen, it will be more difficult to redi-
rect this activity outside later. Elimination lo-
cation and substrate preferences appear to be
strongly influenced during this brief period
and, whenever possible, puppies should be
taught to eliminate outdoors from the start,
thereby skipping the confusing paper training
routine. A good practice on arriving home
with a new puppy is to take the puppy first
thing to an outdoor area reserved for elimina-
tion; the experience will leave a lasting and
beneficial impression on the puppy.

PREVENTING BEHAVIOR PROBLEMS

Much remains to be learned about the effects
of early experience on adult behavior and the
development of behavior problems. Growing
statistical and anecdotal evidence suggests
that very significant influences are at work.
For example, a study by Jagoe (see Serpell
and Jagoe, 1995) has detected several signifi-
cant associations between pediatric illness
and later behavior problems, including a
higher incidence of dominance-related ag-
gression, aggression toward strangers, fear of
strangers, fear of children, separation-related
barking, and abnormal sexual behavior. The
author speculates that excessive and exclusive
attention resulting from home medical care
and reduced social contact outside of the
home contributed to the development of
some of these behavior problems. Given this
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rather compelling evidence of a relationship
between early sickness and later behavior
problems, it would seem advisable to offer
puppy owners preventative behavioral coun-
seling as part of the overall treatment of seri-
ous canine pediatric illness.

Hopefully, in the future, puppy socializa-
tion and training courses will become a com-
mon feature of puppy rearing—as common
and routine as vaccinations are today in the
prevention of communicable disease. Early
behavioral training and proper socialization
appear to “inoculate” immature dogs against
many adult dog behavior problems such as
hyperactivity, excessive fearfulness, aggression,
separation anxiety, and general disobedience.
Although “hard” scientific evidence is still
lacking, many anecdotal reports and case his-
tories strongly support the value of early
training in the prevention of these serious
problems. Unfortunately, however, many of
the current rearing practices often neglect or
incorrectly apply the needed training efforts.

REFERENCES
Adler LL and Adler HE (1977). Ontogeny of ob-

servational learning in the dog (Canis
familiaris). Dev Psychobiol, 10:267-280.

Bacon WE and Stanley WC (1970). Reversal
learning in neonatal dogs. J Comp Physiol Psy-
chol, 70:344-350.

Beaudet R, Chalifoux A, and Dallaire A (1994).
Predictive value of activity level and behavioral
evaluation on future dominance in puppies.
Appl Anim Behav Sci, 40:273-284.

Bekoff M (1972). The development of social in-
teraction, play, and metacommunication in
mammals: An ethological perspective. Q Rev
Biol, 47:412—-434.

Borchelt PL (1984). Behaviour development of
the puppy in the home environment. In RS
Anderson (Ed), Nutrition and Behavior in Dogs
and Cats: Proceedings of the First Nordic Sympo-
stum on Small Animal Veterinary Medicine. New
York: Pergamon.

Cairns RB and Johnson DL (1965). The develop-
ment of interspecies social attachments. Psy-
chon Sci, 2:337-338.

Cairns RB and Werboff J (1972). Behavior devel-
opment in the dog: An interspecific analysis.
Science, 158:1070-1072.

Coppinger L and Coppinger R (1982). Livestock-
guarding dogs that wear sheep’s clothing.

Smithsonian, 13:65-73.

Cornwell AC and Fuller JL (1961). Conditioned
responses in young puppies. J Comp Physiol
Psychol, 54:13-15.

Davis KL, Gurski JC, and Scott JP (1977). Inter-
action of separation distress with fear in infant
dogs. Dev Psychobiol, 10:203-212.

Denenberg VH (1964). Critical periods, stimulus
input, and emotional reactivity: A theory of in-
fantile stimulation. Psychol Rev, 71:335-351.

Dunbar I, Ranson E, and Buehler M (1981). Pup
retrieval and maternal attraction to canine am-
niotic fluids. Behav Processes, 6:249-260.

Elliot O and Scott JP (1961). The development of
emotional distress reactions to separation in
puppies. / Genet Psychol, 99:3-22.

Fisher AE (1955). The effects of early differential
treatment on the social and exploratory behav-
ior of puppies [Unpublished doctoral disserta-
tion]. University Park: Pennsylvania State Uni-
versity.

Fox MW (1963). Canine Behavior. Springfield, IL:
Charles C Thomas.

Fox MW (1964a). The ontogeny of behavior and
neurologic responses in the dog. Anim Behay,
12:301-311.

Fox MW (1964b). A sociosexual behavioral abnor-
mality in the dog resembling Oedipus complex
in man. JAVMA, 144:868-869.

Fox MW (1966a). Behavioral and physiological
aspects of cardiac development in the dog. /
Small Anim Pract, 7:321-326.

Fox MW (1966b). The development of learning
and conditioned responses in the dog: Theoret-
ical and practical implications. Can J Comp Vet
Sci, 30:282-286.

Fox MW (1966¢). Neuro-behavioral ontogeny: A
synthesis of ethological and neurophysiological
concepts. Brain Res, 2:3-20.

Fox MW (1967). The effects of short-term social
and sensory isolation upon behavior, EEG and
average evoked potentials in puppies. Physiol
Behay, 2:145-151.

Fox MW (1968). Abnormal Behavior in Animals,
332-355. Philadelphia: WB Saunders.

Fox MW (1971). Integrative Development of Brain
and Behavior in the Dog. Chicago: University
of Chicago Press.

Fox MW (1972). Understanding Your Dog. New
York: Coward, McCann and Geoghegan.

Fox MW (1974). Concepts of Ethology: Animal and
Human Bebavior. Minneapolis: University of
Minnesota Press.

Fox MW (1978). The Dog: Its Domestication and
Behavior. Malabar, FL: Krieger.

Fox MW and Spencer JW (1967). Development
of the delayed response in the dog. Anim Be-



Development of Behavior 69

hav, 15:162-168.

Fox MW and Spencer JW (1969). Exploratory be-
havior in the dog: Experiential or age depen-
dent? Dev Psychobiol, 2:68-74.

Fox MW and Stelzner D (1966). Behavioural ef-
fects of differential early experience in the dog.
Anim Behav, 14:273-281.

Fox MW and Stelzner D (1967). The effects of

early experience on the development of inter-

and intraspecific social relationships in the dog.

Anim Behav, 15:377-386.

Fredericson E (1952). Perceptual homeostasis and
distress vocalization in puppies. J Pers,
20:472-478.

Fredericson E, Gurney N, and Dubois E (1956).
The relationship between environmental tem-
perature and behavior in neonatal puppies. /
Comp Physiol Psychol, 49:278-280.

Freedman DG, King JA, and Eliot O (1961).
Critical period in the social development of
dogs. Science, 133:1016-1017.

Fuller JL (1967). Experiential deprivation and
later behavior. Science, 158:1645-1652.

Fuller JL and Clark LD (1966a). Effects of rearing
with specific stimuli upon postisolation behav-
ior in dogs. J Comp Physiol Psychol,
61:258-263.

Fuller JL and Clark LD (1966b). Genetic and
treatment factors modifying the postisolation
syndrome in dogs. J Comp Physiol Psychol,
61:251-257.

Fuller JL, Easler CA, and Banks EM (1950). For-
mation of conditioned avoidance responses in
young puppies. Am J Physiol, 160:462-466.

Gagnon S and Dore FY (1994). Cross-sectional
study of object permanence in domestic pup-
pies (Canis familiaris). ] Comp Psychol,
108:220-232.

Gantt WH, Newton JE, Royer FL, and Stephens
JH (1966). Effect of person. Cond Reflex,
1:146-160.

Grant TR (1986). A behavioral study of a beagle
bitch and her litter during the first three weeks
of lactation. Anim Techol, 37:157-167.

Harlow HF (1958). The nature of love. Am Psy-
chol, 13:673-685.

Harlow HF and Zimmerman RS (1959). Affec-
tional responses in the infant monkey. Science,
130:421-432.

Hediger H (1955/1968). The Psychology and Be-
havior of Animals in Zoos and Circuses, G Sir-
com (Trans). New York: Dover (reprint).

Hess EH (1964). Imprinting in birds. Sczence,
146:1128-1139.

Hess EH (1973). Imprinting: Early Experience and
the Developmental Psychobiology of Attachment.
New York: D Van Nostrand.

Igel GJ and Calvin AD (1960). The development
of affectional responses in infant dogs. / Comp
Physiol Psychol, 53:302-305.

James WT (1949). Dominant and submissive be-
havior in puppies as indicated by food intake.
J Genet Psychol, 75:33—43.

James WT (1955). Behaviors involved in expres-
sion of dominance among puppies. Psychol Rep,
1:229-301.

James WT (1960). Observations of the regurgitant
feeding reflex in the dog. Psychol Rep, 6:142.

James WT (1961). Relationship between domi-
nance and food intake in individual and social
eating in puppies. Psychol Rep, 8:478.

James WT and Cannon DJ (1952). Conditioned
avoiding response in puppies. Am J Physiol,
168:251-253.

Knol BW and Egberink-Alink ST (1989). Treat-
ment of problem behaviour in dogs and cats by
castration and progestagen administration: A
review. Ver Q, 11:102-107.

Kuo ZY (1967). The Dynamics of Behavior Devel-
opment. An Epigenetic View. New York: Ran-
dom House.

Lessac MS and Solomon RL (1969). Effects of
carly isolation on the later adaptive behavior of
beagles: A methodological demonstration. Dev
Psychol, 1:14-25.

Levine S (1960). Stimulation in infancy. Sci Am,
202:80-86.

Levine S, Haltmeyer GC, Karas GC, and Denen-
berg VH (1967). Physiological and behavioral
effects of infantile stimulation. Physiol Behav,
2:55-59.

Malm K (1995). Regurgitation in relation to
weaning in the domestic dog: A questionnaire
study. Appl Anim Bebav Sci, 43:111-121.

Markwell PJ and Thorne CJ (1987). Early behav-
ioral development of dogs. J Small Anim Pract,
28:984-991.

Marr JN (1964). Varying stimulation and imprint-
ing in dogs. J Gener Psychol, 104:351-364.
Martins T (1949). Disgorging of food to the pup-
pies by the lactating dog. Physiol Zool,

22:169-172.

Mason WA and Kenney MD (1974). Redirection
of filial attachments in rhesus monkeys: Dogs
as mother substitutes. Science, 183:1209—1211.

McBryde WC and Murphree OD (1974). The re-
habilitation of genetically nervous dogs. Paviov
J Biol Sci 9:76-84.

Mech LD (1970). The Walf: The Ecology and Be-
havior of an Endangered Species. Minneapolis,
MN: University of Minnesota Press.

Mekosh-Rosenbaum V, Carr W], Goodwin JL, et
al. (1994). Age dependent responses to
chemosensory cues mediating kin recognition



70 CHAPTER TwoO

in dogs (Canis familiaris). Physiol Behay,
55:495-499.

Melzack R and Scott TH (1957). The effects of
early experience on the response to pain. /
Comp Physiol Psychol, 50:155-160.

Monks of New Skete (1991). The Art of Raising a
Puppy. Boston: Little, Brown.

Morton JRC (1968). Effects of early experience
“handling and gentling” in laboratory animals.
In MW Fox (Ed), Abnormal Behavior in Ani-
mals. Philadelphia: WB Saunders.

Nemeroff CB (1998). The neurobiology of depres-
sion. Sci Am, 278:42—49.

Pettijohn TE, Wong TW, Ebert PD, and Scott JP
(1977). Alleviation of separation distress in 3
breeds of young dogs. Dev Psychobiol,
10:373-381.

Pfaffenberger CJ (1963). The New Knowledge of
Dog Behavior. New York: Howell Book House.

Pfaffenberger CJ and Scott JP (1959). The rela-
tionship between delayed socialization and
trainability in guide dogs. J Gen Psychol,
95:145-155.

Piaget J (1952). The Origins of Intelligence in Chil-
dren. New York: International University Press,

Rheingold HL (1963). Maternal behavior in the
dog. In HL Rheingold (Ed), Maternal Behavior
in Mammals. New York: John Wiley and Sons.

Rosenblatt ] (1983). Olfaction mediates develop-
mental transition in the altricial newborn of se-
lected species of mammals. Dev Psychobiol,
16:347-375.

Ross S and Ross JG (1949). Social facilitation of
feeding behavior in dogs: II. Group and soli-
tary feeding. J Genet Psychol, 74:273-304.

Ross S, Scott JB, Cherner M, and Denenberg V
(1960). Effects of restraint and isolation on
yelping in puppies. Anim Behav, 6:1-5.

Schneirla TC (1959). An evolutionary and devel-
opmental theory of biphasic process underlying
approach and withdrawal. In MR Jones (Ed),
Nebraska Symposium on Motivation, 7:1-42.
Lincoln: Nebraska University Press.

Schneirla TC (1965). Aspects of stimulation and
organization in approach-withdrawal process
underlying vertebrate behavioral development.
In DS Lehrman, RA Hinde, and E Shaw
(Eds), Advances in the Study of Animal Behav-
ior, 7:1-74. New York: Academic.

Scott JP (1958). Critical periods in the develop-
ment of social behavior in puppies. Psychosom
Med, 20:42-54.

Scott JP (1962). Critical periods in behavioral de-
velopment. Science, 138:949-957.

Scott JP (1967). The development of social moti-
vation. In Nebraska Symposium on Motivation,
111-132. New York: University of Nebraska

Press.

Scott JP (1968a). Early Experience and the Organi-
zation of Behavior. Belmont, CA: Brooks/
Cole.

Scott JP (1968b). Social facilitation and al-
lelomimetic behavior. In EC Simmel, RA
Hoppe, and GA Milton (Eds), Social Facilita-
tion and Imitative Behavior (1967 Miami Uni-
versity Symposium on Social Behavior).
Boston: Allyn and Bacon.

Scott JP and Fuller JL (1965). Genetics and the So-
cial Behavior of the Dog. Chicago: University of
Chicago Press.

Scott JP and McCray C (1967). Allelomimetic be-
havior in dogs: Negative effects of competition
on social facilitation. J Comp Physiol Psychol,
63:316-319.

Scott JP, Ross S, and Fisher AE (1959). The effects
of early enforced weaning on sucking behavior
of puppies. J Gen Psychol, 95:261-281.

Serpell J and Jagoe JA (1995). Early experience
and the development of behaviour. In J Serpell
(Ed), The Domestic Dog: Its Evolution, Behav-
iour, and Interaction with People. New York:
Cambridge University Press.

Skinner BF (1982). Contrived reinforcement. Be-
hav Anal, 5:3-8.

Slabbert JM and Rasa OAE (1997). Observational
learning of an acquired maternal behaviour
pattern by working dog pups: An alternative
training method? Appl Anim Behav Sci,
53:309-316.

Sluckin W (1965). Imprinting and Early Learning.
Chicago: Aldine.

Stanley WC and Elliot O (1962). Differential hu-
man handling as reinforcing events and as
treatments influencing later social behavior in
basenji puppies. Psychol Rep, 10:775-788.

Stanley WC, Bacon WE, and Fehr C (1970). Dis-
criminated instrumental learning in neonatal
dogs. J Comp Physiol Psychol, 70:335-343.

Stanley WC, Barrett JE, and Bacon WE (1974).
Conditioning and extinction of avoidance and
escape behavior in neonatal dogs. J Comp Phys-
iol Psychol, 87:163-172.

Stanley WC, Cornwell AC, Poggiani C, and Trat-
tner A (1963). Conditioning in the neonatal
puppy. J Comp Physiol Psychol, 56:211-214.

Thompson WR (1957). Influence of prenatal ma-
ternal anxiety on emotional reactivity in young
rats. Science, 125:698-699.

Thompson WR and Heron W (1954). The effects
of early restriction on activity in dogs. / Comp
Physiol Psychol, 54:77-82.

Thompson WR, Melzack R, and Scott TH
(1956). “Whirling behavior” in dogs as related

to early experience. Science, 123:939.



Development of Behavior 71

Thorndike EL (1911/1965). Animal Intelligence:
Experimental Studies. New York: Hafner
(reprint).

Tinbergen N (1951/1969). The Study of Instinct.
Oxford: Oxford University Press (reprint).

Trumler E (1973). Your Dog and You. New York:
Seabury.

Welker W1 (1959). Factors influencing aggrega-
tion of neonatal puppies. / Comp Physiol Psy-
chol, 52:376-380.

Wilsson E (1984/1985). The social interaction be-
tween mother and offspring during weaning in

German shepherd dogs: individual differences

between mothers and their effects on offspring.
Appl Anim Behav Sci, 13:101-112.

Wilsson E (1997). Behaviour test for eight-week
old puppies: Heritabilities of tested behavior
traits and its correspondence to later behaviour.
Appl Anim Behav Sci, 58:151-162.

Wright JC (1980). The development of social
structure during the primary socialization pe-
riod in German shepherds. Dev Psychobiol,
13:17-24.

Wright JC (1983). The effects of differential rear-
ing on exploratory behavior in puppies. Appl
Anim Ethol, 10:27-34.






3

Neurobiology of Behavior and Learning

The possibility of understanding the central neural substrates that govern behavior

is exciting not only because it deepens our understanding of humans and of all

animal life, but also because it holds the promise that we may someday be able to

correct imbalances in behavioral functions or restore functions lost by disease.

G. M. SHEPHERD, Neurobiology (1983)
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BEHAVIORAL ADAPTATION depends on
the coordinated interaction of many
neural and sensory substrates. Together the
brain and senses orchestrate what is experi-
enced and what will be learned from experi-
ence. Considering the obvious importance of
these systems and their fundamental implica-
tions for learning, it makes sense to study
their various contributions to the develop-
ment of adaptive behavior.

The operation of a radio is a useful anal-
ogy for illustrating the dependent relation-
ship between behavior and the brain. The ra-
dio picks up electromagnetic waves from the
atmosphere and transduces them into percep-
tible sound. Its ability to perform this task
depends on a number of coordinated and hi-
erarchically arranged systems, including spe-
cialized circuitry that sorts out specific radio
waves one frequency at a time. This ability
might be referred to as afferent selectivity.
The selected signal undergoes various
processes of electronic conversion and is then
amplified into efferent mechanical action—
—the production of sound by the magnetic
vibration of its speaker. Finally, the radio pro-
vides the user with several operational fea-
tures with which to control the quality and
quantity of sound produced, for example,
tuning, volume, and tone.

To some extent, behavioral systems oper-
ate in a similar, although far more compli-
cated, way. Environmental stimuli impinging
on an animal are received as raw data by spe-
cialized sense organs. The senses afferently se-
lect and condition sensory data into sensa-
tions, relay them into appropriate neural
tracts where they undergo preconscious sort-
ing and analysis, and, finally, the input is cor-
tically transformed into meaningful informa-
tion, cognitions, emotions, and actions. This
neurally processed information prepares the
animal to adjust appropriately to current en-
vironmental conditions. In every degree and
nuance, experience and learning are limited
by neural and sensory constraints. The expe-
riencing subject is first and foremost a biolog-
ically defined experiencer. To return to the ra-
dio analogy, the receiver converts electromag-
netic waves into music, but only if it is tuned
to the specific frequency carrying the relevant

“information.” There is no possibility of mu-
sic being produced unless the receiver inter-
cepts and decodes this electromagnetic infor-
mation and converts it into an audible
dimension. If interference, defective parts,
short circuits or any dysfunction whatsoever
occurs within this highly organized system,
the music produced will be adversely affected
or, perhaps, completely lost. Similarly, neu-
rosensory systems define the sort of input
that will be received and to a large extent
how it will be acted on. The neurological
substrates, for example, controlling stimulus-
response processing depend almost entirely
on such hardwired mechanisms.

The operation of the radio set also
metaphorically parallels the limited variability
of innate behavioral systems. The mecha-
nisms controlling signal selection, volume,
and tone are all ways in which a radio can be
adjusted to a listener’s pleasure. Learning
mechanisms are themselves biologically pre-
pared and accessible for manipulation only
under special conditions and within a limited
range of variability defined by functional
constraints. Training and behavior modifica-
tion are largely limited to response selection
(i.e., stimulus control) and the shaping of be-
havior (tuning), augmentation or suppression
of behavior (volume + or —), and the modifi-
cation of emotional states and the stimulus-
response thresholds controlling them (tone
control). But unlike the simple and immedi-
ate response of the radio, external control of
behavioral systems requires far more persis-
tent and skilled effort. In general, behavioral
systems are reluctant to change without com-
pelling need.

Behavioral adjustment depends on learn-
ing, but learning is possible only to the ex-
tent that an animal is biologically equipped
and prepared to learn. The organization of
behavior is genetically programmed to be
flexible and variable but only to a certain ex-
tent and according to more or less fixed laws
and parameters of change defined by the
brain and senses. In essence, the brain and
senses biologically define the limits of what
an animal can learn and how it can learn it
while experience dictates the moment-to-mo-
ment direction of these changes. Survival de-
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pends on an animal’s ability to learn from its
experiences, to adjust its behavior in accor-
dance with what it has learned, and to form a
set of reliable predictions and strategies of
control that enable it to encounter similar
circumstances most effectively in the future.

The subject of brain anatomy and func-
tion is highly complex but very valuable for
understanding the basic processes of behav-
ior, emotion, and learning. The following dis-
cussion has been largely restricted to areas of
practical significance for trainers or behavior-
ists working with adjustment and behavior
problems in dogs.

CELLULAR COMPOSITION OF
THE BRAIN

Neurons

In contrast to the simple radio receiver, the
dog’s brain is a profoundly complicated organ
consisting of billions of neurons and inter-
connecting neural circuits. The neuron shares
many of the same basic biological functions
exhibited by other cells of the body. One no-
table exception to this generality is the neu-
ron’s inability to replicate. Shortly after birth,
neurons stop dividing in the dog’s brain and
thereafter no new neurons are produced.
Consequently, injuries to the brain involving
direct trauma or anoxia may be very seri-
ous—and permanent—since lost neurons
cannot be replaced. Although neurons may
be more or less specialized, their structure
and function are remarkably similar. Basi-
cally, the neuron is designed to send and re-
ceive information. These functions are facili-
tated by structural components called axons
and dendrites. The axon is an elongated pro-
jection of the neuron that carries messages
away from the cell body (efferent messages)
while dendrites carry the message toward the
cell body (afferent messages). Transmissions
occur at locations where axons form connec-
tions with other neurons. These points of
transmission are called synapses.

The synapse is a narrow cleft between the
transmitting axon and the receiving dendrite.
This gap is bridged by the secretion of vari-
ous chemical neurotransmitters released by

the neuron when it is appropriately stimu-
lated. Excitatory and inhibitory synapses
compete for dominance over the target neu-
ron. Depending on whether inhibition or ex-
citation is dominant, the neuron either re-
mains quiet or is excited, evoking an axonal
depolarization or action potential. As the re-
sult of excitation, an electrical charge moves
rapidly down the length of the axon to the
presynaptic terminal. Once arriving at the
presynaptic terminal, the charge triggers the
release of specific neurotransmitters into the
synaptic cleft, thereby stimulating adjacent
dendrites belonging to target neurons. Move-
ment of this electrical charge is accelerated by
a thin insulating substance called myelin that
covers the length of the axon. The foregoing
cycle of excitation, depolarization, and release
of neurotransmitters is repeated in countless
neurons until the signal completes its circuit.

Glial Cells

The majority of cells composing the brain are
glial cells. Besides providing structural sup-
port for neurons and their interconnections,
the glia serve many additional functions. An
important glial function is to absorb vagrant
neural substances (including neurotransmit-
ters) and to dispose of cellular debris associ-
ated with injury or the death of neurons. As-
trocytes are star-shaped cells that perform
these “housekeeping” functions. Astrocyte ac-
tivity is especially intense at the sites of brain
injury. Another very important function of
glial cells is the production of myelin sheath-
ing and the formation of the blood-brain bar-
rier.

Mpyelin is a fatty substance that insulates
the axon. It is produced by specialized glial
cells called oligodendrocytes (brain axons)
and Schwann cells (peripheral nerves). The
myelin sheath is discontinuous, having small
gaps or nodes of Ranvier regularly spaced
about a millimeter apart from each other.
The action potential produced by the chemo-
electrical excitation of the neuron moves
rapidly along the axon by jumping from
node to node. Myelin sheathing significantly
increases the speed at which the neural im-
pulse is able to travel. At birth, many brain
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and peripheral axon fibers lack functional
myelination (Fox, 1966). Myelination follows
a developmental course in which necessary
functions like ingestion are myelinated at
birth, whereas fibers associated with less im-
mediately vital functions like hearing and vi-
sion are incompletely sheathed. The optic
nerve, for instance, is only slightly sheathed
with myelin at birth but attains adultlike
myelination by about 3 weeks of age, whereas
sensory tracts associated with taste and smell
are well myelinated at birth in the dog.
Neurons are protected from substances in
the blood by a cellular layer composed of as-
trocytes that surrounds blood-bearing capil-
laries. Additionally, capillaries in the brain are
not as freely permeable as those of other parts
of the body and do not allow the passage of
large molecules across their walls. The net re-
sult is selective transport of only certain nec-
essary nutritional molecules (e.g., glucose and
amino acids) and dissolved gases like oxygen
and carbon dioxide. Interestingly, portions of
the hypothalamus are not protected by the
blood-brain barrier (the portal blood supply),

Frontal Lobe

Cingulate Area

due to its homeostatic and bioregulatory
functions, which require direct monitoring of
blood content (Reese, 1991).

HINDBRAIN AND MIDBRAIN
STRUCTURES

The dog’s nervous system is divided into two
major parts: the central nervous system
(CNS) and the peripheral nervous system
(PNS). The CNS includes the brain proper
and the spinal cord (Fig. 3.1). The PNS en-
compasses all nervous processes extending be-
yond the spine and skull, including a subsys-
tem called the autonomic nervous system
(ANS). The ANS is composed of two anti-
thetical but complementary branches: the
sympathetic and parasympathetic. The ANS is
intimately involved in regulating basic bodily
processes and in the mediation of the physio-
logical expression of emotion and distress.
Later in this chapter, autonomic functions are
discussed in detail, since they appear to play a
very significant role in the elaboration of dis-
ruptive stress and maladaptive behavior.

Corpus Callosum

Cerebellum

Hypothalamus

Olfactory Bulb

Thalamus

Brain Stem

F1G. 3.1. Medial view of the dog’s brain. Note the comparatively large olfactory bulb, providing the dog with
the neural means to detect and analyze olfactory information.
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Medulla Oblongata, Pons,
and Cerebellum

The hindbrain consist of the medulla, pons,
and cerebellum. The medulla is a primitive
brain structure located just above the spinal
cord and regulates many vital biological func-
tions, such as the control of heart rate, respi-
ration, gastrointestinal functions, salivation,
coughing, and sneezing. Together with the
pons, the medulla is an important relay site
for auditory and vestibular information, gus-
tatory sensations and associated motor reac-
tions, and information about various visceral
states. The central portion of the hindbrain
contains the reticular formation, a network of
interconnected neurons that is associated
with wakefulness and generalized sensory
arousal.

An important function of the hindbrain is
the synthesis of monoamine neurotransmit-
ters. Serotonin-producing cells are located in
the raphe bodies, a narrow strip of specialized
neurons in the hindbrain, extending from the
medulla to the midbrain. Norepinephrine
(NE) is made by a group cells in the pons
called the locus coeruleus, an area with highly
pigmented blue neurons (Ranson and Clark,
1959). Whereas NE is associated with wake-
fulness and learning, serotonin appears to
play an important role in the activation of
sleep and the modulation of various in-
hibitory processes.

The cerebellum, a brain structure associ-
ated with “automatic” coordinated movement
and sensory processing, is interconnected via
thalamic relays with the sensory-motor areas
of the cerebral cortex. These interconnections
form a complex loop of ascending projections
from the cerebellum to the motor cortex and,
subsequently, from the motor cortex descend-
ing back to the cerebellum via pontine nu-
clei. Cerebellar lesioning results in uncoordi-
nated and awkward movement. Although the
cerebellum plays a minimal role in higher
conscious functions, the lateral portion of the
cerebellum appears to be involved in certain
cognitive and memory functions, especially
in the mediation of skilled motor perfor-
mances and aversive conditioned responses

(Lavond et al., 1993). Interestingly, the only

output from the cerebellar cortex is in-
hibitory, which is mediated via axons of spe-
cialized Purkinje cells. The Purkinje cells are
large GABAergic neurons [the primary neural
effect of GABA (gamma-aminobutyric acid)
is inhibitory]. The inhibitory Purkinje cells
project to highly active and excitatory subcor-
tical nuclei, exerting a modulatory and regu-
latory effect on these neurons whose fibers
ultimately project to higher motor brain cen-
ters.

Reticular Formation

The reticular formation is a brain stem struc-
ture extending from the medulla to the thala-
mus. The primary function of the reticular
formation is the maintenance of a state of
generalized neural arousal and alertness.
Many projections leave the reticular forma-
tion and extend throughout the limbic sys-
tem and cerebral cortex. This system of dif-
fuse reticular fibers is referred to as the
ascending reticular activating system (ARAS).
In addition to its arousal functions, the
ARAS is also believed to mediate an integra-
tive effect on the nervous system. Electrical
stimulation of the reticular formation of a
sleeping dog results in the dog’s arousal and
awakening. On the other hand, lesioning of
the reticular formation results in a permanent
comatose or sleeplike state. Besides the
arousal and attentional functions of the
ARAS, the reticular formation also receives
and gates sensory inputs, apparently mediat-
ing increased excitement and arousal resulting
from peripheral sensory transmissions relayed
through it. Unlike the corticothalamic relays
where more specific sensory sorting, routing,
and information processing takes place, the
reticular formation is concerned with the
general enhancement of alertness and ex-
citability caused by these sensory inputs and
the subsequent elaboration of a nonspecific
orienting response to them. The auditory
tract sends collateral axonal fibers directly
into the reticular formation, perhaps ac-
counting for the rapid and intense orienting
responsiveness dogs exhibit toward novel
sounds.

Gray (1971) has speculated that the ARAS
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is especially well connected with sensory
tracts associated with pain. He reports studies
carried out by James Olds in which direct
electrical stimulation of various portions of
the ARAS (especially the periventricular ar-
eas) resulted in the evocation of escape and
other pronounced behavioral expressions evi-
dencing pain and discomfort. According to
Gray (1971), the midbrain ARAS may play
an important role in the arousal and activa-
tion associated with punishment or frustra-
tive nonreward. Electrical stimulation of the
midbrain reticular formation results in a di-
rect potentiation or strengthening of ongoing
behavior in a manner similar to that observed
during punishment or frustrative nonreward.
Arousal resulting from activation of the
reticular formation probably depends on the
neurotransmitter NE. Inescapable trauma
and prolonged stress result in the depletion of
NE, and NE depletion is associated with
learned helplessness (Seligman, 1975) (see
Chapter 9). Seligman reviews some of the rel-
evant physiological literature indicating that
learned helplessness and collateral symptoms
of depression may be linked to adrenergic de-
pletion. Some disagreement in the literature
exists with regard to the importance of NE
and dopamine in the production of pleasure
and reward. Thompson (1993) and many
others attribute the brain’s reward-and-plea-
sure system to dopaminergic activity. An im-
portant area for the elaboration of pleasure is
the medial forebrain bundle (MFB)—a major
ascending pathway of various neurotransmit-
ters, including serotonergic, adrenergic, and
dopaminergic fibers. Siegel and Edinger
(1981) emphasize the importance of the
MFB as a conduit for adrenergic fibers origi-
nating in the locus coeruleus and projecting
into the lateral hypothalamus and amygdala.
Animals stimulated with electrodes inserted
into the MFB act as though they were actu-
ally eating, drinking, and copulating, that is,
appearing to be rewarded by the consump-
tion of the corresponding but absent reward
item (viz., food, water, and sex). However,
drugs that block dopaminergic activity also
apparently inhibit the pleasure resulting from
electrical stimulation of these areas (White
and Milner, 1992). Animals operantly trained
to perform a bar-press response for intracra-

nial stimulation of MFB sites quit when
dopamine levels are reduced. According to
this theory, a dopaminergic pathway exists
between the MFB and the ventral tegmen-
tum and terminates in the nucleus accum-
bens. Precise stimulation of the nucleus ac-
cumbens (located in the forebrain, anterior to
the hypothalamus) produces all the effects
observed during electrical stimulation of the
MFB, suggesting that earlier studies may
have confounded dopamine and NE path-
ways. Most authorities currently believe that
reward is most likely mediated by dopamin-
ergic systems. However, modulating NE
pathways may play a significant role in the
experience of pleasure and reward via en-
hanced alertness, mood, and feelings of well-
being affected by NE activity. Low levels of
dopamine in the brain result in a loss of af-
fect and positive feelings, whereas low levels
of NE result in depressed mood and a sense

of helplessness (Seligman, 1975).

DIENCEPHALON
Thalamus

The thalamus coordinates sensory and emo-
tional inputs, serving as a gateway and relay
between the body, limbic system, and cere-
bral cortex. Thalamic relay nuclei coordinate
the projection of sensory information from
the body and sensory organs, directing it to
the appropriate somatosensory portions of
the cerebral cortex—the most recent and
“conscious” addition to the brain. The
amount of the cortex reserved for any partic-
ular body area or function depends on its
overall use, sensitivity, and relative impor-
tance for the animal’s survival. Further, the
area of the cerebral cortex allotted to any par-
ticular function corresponds proportionately
to the relative size of the thalamic sensory
nuclei relaying to it. Animals can be catego-
rized into three basic types depending on
which sensory function dominates: beholders,
feelers, and listeners (Welker, 1973). Within
this scenario, dogs probably fit into the lis-
tener-type category, indicating that a dispro-
portionately large area of the canine cortex
and thalamus is devoted to the representation
and analysis of auditory information.
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Besides relaying sensory and emotional in-
put, the thalamus plays an important role in
the expression of attentional behavior. In
contrast to the general arousal functions
served by the reticular formation, the thala-
mus mediates a more selective, “informed”
attentional response toward sensory inputs.
The thalamus enables a dog to selectively
concentrate and focus on one thing at a time,
whereas the reticular formation facilitates
general alertness, causing all sensory inputs
reaching an effective threshold to capture at-
tention.

Unlike all other sensory inputs, which
travel first to the thalamus before being re-
layed to other parts of the brain, olfactory
sensory input moves directly from the olfac-
tory bulb via the olfactory tract to the pri-
mary olfactory cortex (paleocortex). From the
olfactory cortex, the olfactory input projects
to the medial dorso nucleus of the thalamus,
from where it is relayed to neocortical desti-
nations (orbitofrontal cortex) for cognitive
(associative) processing and the conscious
perception of smell. A second major olfactory
pathway originating in the primary olfactory
cortex projects to the preoptic/lateral hypo-
thalamus. Another important limbic destina-
tion of olfactory information is the amygdala.
The corticomedial nucleus of the amygdala
receives afferent input directly from the olfac-
tory bulbs as well as forming connections
with the olfactory cortex. Secondary olfactory
projections terminate in various other related
limbic areas, including the septum and hip-
pocampus (Thompson, 1993). Clearly, many
areas of the dog’s brain receives olfactory in-
formation via parallel and interacting circuits.
These various neural circuits serve such di-
verse functions as food and mate selection,
kinship recognition, sexual behavior, mem-
ory, imprinting, motivation, emotion, and
learning. Not surprisingly, a proportionately
larger area of a dog’s brain than the human
brain is devoted to analyzing olfactory infor-
mation.

Hypothalamus

The hypothalamus performs many regulatory
functions over basic biological activities, in-
cluding appetite, thirst, and various homeo-

static functions like blood pressure, tempera-
ture regulation, and blood sugar levels. Be-
sides controlling basic appetitive/homeostatic
drives and regulating the expression of emo-
tional behavior, hypothalamic nuclei also
control sexual drive. Hypothalamic activity is
intimately connected with the endocrine sys-
tem and the regulation of the pituitary
gland—the so-called master gland of the
body. The hypothalamus exercises direct
chemical regulatory control over the pituitary
by the manufacture and secretion of releasing
factors. Hypothalamic releasing factors circu-
late via the portal blood supply to the ante-
rior pituitary, causing it to release various
tropic hormones involved in growth, sexual
behavior, maternal behavior, metabolism, and
general biological stress reactions. The hypo-
thalamus also controls the ANS, which is
composed of two subsystems: the sympa-
thetic nervous system and the parasympa-
thetic nervous system. Together the sympa-
thetic division and parasympathetic division
perform numerous complementary functions
designed to achieve biological homeostasis
(Fig. 3.2). The sympathetic division provides
immediate physiological preparation for
emergency freeze-flight-fight reactions. Sym-
pathetic arousal is regulated by the posterior
hypothalamus, which when appropriately
stimulated evokes a bodywide neuroen-
docrine preparation for vigorous action. Be-
sides directly activating the biological systems
needed for emergency action, sympathetic
arousal stimulates the adrenal medulla to re-
lease the peripheral hormones epinephrine
and NE into the bloodstream. Epinephrine
reinforces and sustains ANS-triggered stimu-
lation of such stress-related bodily changes as
increased heart rate and respiration. This in-
teraction between the hypothalamus and the
adrenal medulla is known as the sympathetic-
adrenomedullary system.

A neuroendocrine system associated with
stressful arousal and homeostasis is formed by
the hypothalamus, pituitary, and the adrenal
cortex. Under conditions of stress, the hypo-
thalamus secretes corticotropin-releasing fac-
tor (CRF), which signals the pituitary gland
to secrete a tropic hormone—adrenocorti-
cotropic hormone (ACTH)—into the blood-
stream. ACTH stimulates the adrenal cortex
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F1G. 3.2. Examples of complementary autonomic action produced by the interaction of the parasympathetic
nervous system (PNS) and the sympathetic nervous system (SNS). The checks and balances between the PNS

and SN strive to achieve biological homeostasis.

to release various steroidal hormones, includ-
ing cortisol (corticosterone). Cortisol serves
many biological functions (regulation of
blood pressure, control of glucose levels in
the blood, and acceleration of the breakdown
of protein into amino acids) to help an ani-
mal cope effectively with stress, injury, or de-
fense. The release of cortisol into the blood-
stream completes the circuit when it reaches
the hypothalamus, where it restrains CRF
production and thereby inhibits ACTH pro-
duction by the pituitary. The reduction of
circulating ACTH causes the adrenal cortex
to decrease production and secretion of corti-
sol. This slower stress-activated system is
known as the hypothalamic-pituitary-adreno-
cortical (HPA) system.

The parasympathetic branch of the ANS
shadows the actions of the sympathetic sys-
tem, but with an opposing calming influence

more specifically targeted on the various or-
gans and systems of the body activated by the
sympathetic division. Although autonomic
activity is aimed at achieving homeostatic
balance of sympathetic and parasympathetic
influences, some individuals appear to be ge-
netically predisposed in one direction or the
other (Kagan et al., 1987; Kagan and Snid-
man 1988). Some dogs are sympathetically
dominant (prone to emotional reactivity and
biological stress), whereas others, the
parasympathetically dominant type, are in-
herently more calm and enjoy a more precise
biological adaptation. The sympathetically
dominant temperament type is more prone
to develop behavior problems involving emo-
tional reactivity and psychosomatic disorders
than the parasympathetically dominant coun-
terpart. Tests devised to evaluate relative sym-
pathetic versus parasympathetic ANS reactiv-
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ity in puppies could be potentially useful in
conjunction with puppy temperament-testing
procedures. Measures of heart rate, blood
pressure, respiration, and cortisol levels under
various conditions of stress could provide a
reliable means to assess ANS dominance and
temperament reactivity.

Gunnar (1994) reviewed several studies
showing a correlation between cortisol levels
and relative dominance-assertiveness in
young children. This correlation is an inter-
esting finding, since HPA activation is gener-
ally associated with emotional distress and
fear. She reports an experiment performed by
de Haan and colleagues (1993) demonstrat-
ing a direct relationship between dominance-
aggressiveness and cortisol levels in 2-year-old
children. In this experiment, salivary cortisol
levels were measured during the first few days
of nursery school. Subsequent interviews
with the teacher and parents of the children
tested revealed several positive correlations
between high cortisol levels and a child’s ten-
dency to become a group leader, engage in
aggressive behavior in school, and exhibit an
“angry temperament” at home. On the other
hand, more socially retiring children exhibit-
ing shyness, with a tendency toward solitary
play, and other signs of behavioral inhibition
did not show significant cortisol indicators of
HPA system arousal.

Studies with various animal species have
shown a link between increased HPA system
activity and stress. Sapolsky (1990) studied
the dynamic interaction between social sta-
tus, the stress response, and a variety of corre-
lated hormonal changes exhibited differen-
tially by dominant and subordinate
free-ranging baboons. He found that resting
cortisol levels are higher in subordinate
males, but that, under acute stress, cortisol
levels in dominant males overshoot that ex-
hibited by subordinates under the same con-
ditions:

Cortisol is responsible for much of the double-
edged quality of the stress response. In the
short run it mobilizes energy, but its chronic
overproduction contributes to muscle wastage,
hypertension and impaired immunity and fer-
tility. Clearly, then, cortisol should be secreted
heavily in response to a truly threatening situa-
tion but should be kept in check at other

times. This is precisely what occurs in domi-
nant males. Their resting levels of cortisol are
lower than those of subordinate males yet will
rise faster when a major stressor does come; ex-
actly how this speedier rise is accomplished is
not understood. (1990:120)

Similarly, Manogue and colleagues (1975)
found that, among squirrel monkeys, individ-
uals destined to play a dominant role in the
group exhibited higher cortisol levels than
subordinates during the early phases of the
group’s organization. Once the group became
stable, the dominant monkey’s cortisol level
dropped below that of the subordinates. Un-
der conditions of external distress, however,
the dominant monkey exhibited emergency
cortisol levels that quickly overshot that of
subordinate group members. McLeod and
coworkers (1995) have shown that urinary
cortisol levels are increased under the influ-
ence of social stress among captive wolves.
For example, they found that the lowest-
ranking females exhibited the highest levels
of cortisol in their urine. The presence of
high levels of cortisol in the urine of subordi-
nate females may help to account for the nat-
ural inhibition of estrus in such females via
stress-mediated suppression of hypothalamic
secretion of gonadotropin-releasing hormone.
Haemisch (1990) investigated cortisol levels
in guinea pigs undergoing social conflict in
familiar and unfamiliar environments. Under
conditions of social conflict occurring be-
tween an offensive individual and defensive
individual, the defensive guinea pig exhibited
significantly higher levels of plasma cortisol
(about four times as much) under familiar
environmental conditions than the offensive
animal. When confrontations took place in
an unfamiliar environment, the difference be-
tween the offensive and defensive individuals
was not significant.

A study involving HPA activity in point-
ers found that genetically nervous dogs pos-
sessed significantly larger adrenal glands than
normal controls (Pasley et al., 1978). Adrenal
hypertrophy is commonly associated with
chronic HPA-mediated stress. However, a
subsequent experiment performed by Klein
and colleagues (1990) failed to show a signifi-
cant difference between nervous and normal
pointers in terms of HPA system activity. The
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authors speculate that the lack of difference
between the two strains of pointers may have
resulted from the testing method employed (a
static single-point baseline comparison),
which may have missed significant differences
in HPA activity occurring episodically at
other times during the day. Another interest-
ing finding relevant to hypothalamic-pitu-
itary interaction involves differences in so-
matomedin/insulin-like growth factor

(IGF-I) levels found in nervous and normal
pointers (Uhde et al., 1992). Nervous dogs
exhibit lower plasma levels of growth factor
(GF) than normal controls. Nervous dogs ap-
pear to be smaller, perhaps a direct physical
outcome of GF insufficiency. Further, ner-
vous pointers are more prone to exhibit com-
pulsive behaviors (especially oral ones like ex-
cessive licking, biting, and pulling) than
normal pointers. Uhde and colleagues suggest
that replacement GF might provide some
therapeutic benefit for acral lick dermatitis
(to date, an untested possibility).

Intense sympathetic arousal may precipi-
tate pronounced parasympathetic rebound ef-
fects like diarrhea and urination resulting
from increased alimentary and urinary motil-
ity. Another common outcome following in-
tense sympathetic arousal is opponent-
processed parasympathetic reduction of heart
rate. Church and colleagues (1966) demon-
strated that dogs stimulated with shock expe-
rience an initial sharp rise in heart rate (sym-
pathetic arousal), but with the cessation of
shock the subjects’ heart rates fall far below
their original quiet preshock levels. Konorski
(1967) reported experiments in which a dog
and several rabbits were caused to experience
intense fear by being shot with noninjurious
paper projectiles from a sham gun. Whereas
the dog experienced an increase in blood
pressure after being shot, the rabbits exhib-
ited a sharp fall in blood pressure, with some
experiencing an increase after the cessation of
stimulation. A few of the stimulated rabbits
died as the result of a precipitous and lethal
fall in blood pressure. Another relevant study
with respect to parasympathetic rebound ef-
fects on cardiac function was performed by
Richter (1957), who immersed rats in water
and observed their swimming behavior under
various experimental conditions. One group

of swimmers had their whiskers (vibrissae)
cut off before being placed in the swim tank.
In rats, the whiskers are a very important sen-
sory accessory for providing information
about their immediate surroundings. Accord-
ing to Welker’s nomenclature, previously dis-
cussed above, rats are feelers whose thalamo-
cortical world is dominated by sensory
information provided by the whiskers. The
rats without whiskers panicked, apparently
responding to the tank situation as though it
were inescapable without the aid of whiskers;
they swam frantically for a minute or so, be-
fore giving up and sinking to the bottom of
the tank. Subsequent necropsies showed that
the rats had not drowned but had suffered
cardiac arrest. Ordinarily, rats can swim for
long durations without stopping (up to 48
hours). The dewhiskered rats, however, were
seized with intense sympathetic activation
rapidly followed by an equal but opposed
parasympathetic rebound, resulting in the
loss of heart activity. In subsequent studies,
Richter found that if he repeatedly immersed
and rescued a rat before cutting off its
whiskers, the animal did much better than
controls not pretreated before exposure to
immersion. Pretreated rats appeared to be
partially immunized against an apparent
“helplessness” effect generated by the removal
of their whiskers.

LIMBIC SYSTEM

The limbic system is a complex loop of
neural structures and circuits involved in the
expression and experience of emotions. This
pervasive and influential system also plays an
important role in learning and memory. The
primary structures composing the limbic sys-
tem include the amygdaloid complex, the
septohippocampal system (septal area and
hippocampus), the diencephalon (hypothala-
mus and thalamus), and the limbic cortex.
The limbic system has been investigated pri-
marily by observing the effects of intracranial
electrical or chemical stimulation or ablation
of target areas (Table 3.1).

The limbic system appears to have evolved
out of primitive structures involved in the
analysis (intensity, quality, and direction) and
interpretation of olfactory information. This
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TABLE 3.1. Behavioral and emotional effects produced by stimulating or destroying various limbic areas

Limbic areas Stimulation

Destruction

Cingulate gyrus
Thalamus

Paramedian
Ventrolateral
Midline
Anterior
Dorsomedial

Tameness or aggression

Relaxation, sleep

Affective aggression

Hypothalamus

Ventromedial nucleus Hypophagia

Dorsomedial
Posterior area

Affective aggression

Anterior area
Lateral area

Sleep (dog)

Amygdala Fear, wariness, affective
aggression (dog)
Septum Defecation, urination, tameness,

hypersexuality

Alertness, excitement (dog)

Quiet (predatory) attack;
induces drinking and eating

Fearlessness (dog)

Apathy

Docility
Rage

Hyperphagia, rage (dog), affective
aggression

Inactivity, sleep (dog)

Reduced affective aggression, adipsia,

asphagia (dog)

Tameness, docility, passiveness (dog)

Irritability, rage, reduced fearfulness

(dog)

Source: From Swenson (1984) and Hoerlein (1971).

function of the limbic system is especially ev-
ident in reptilian species, in which the limbic
system provides vital olfactory information
regulating appetitive and sexual behavior, as
well as various agonistic displays. In higher
vertebrates like dogs, the limbic system has
been diversified to serve a number of new
and more complex emotional functions.
Among many other activities, interpretive
olfactory functions are still performed by the
amygdala. The amygdala is an almond-
shaped complex of nuclei embedded in the
white matter of the temporal lobe, just below
the cortex and anterior to the hippocampus.
The nuclei forming the amygdala are divided
into three main groups: the basolateral nuclei
(receive relayed sensory inputs from the thal-
amus as well as analyzed sensory inputs from
the cortex), corticomedial nuclei (receive
afferent inputs from the olfactory bulb and
mediate higher cortical analysis of olfactory
information), and the central nucleus (pro-
jects to the brain stem and hypothalamus and
mediates the expression of fear). The amyg-

dala is interconnected with the hypothalamus
by a bundle of fibers called the stria termi-
nalis and a collection of fibers called the ven-
tral amygdalofugal pathway.

In dogs and other mammals, the amygdala
mediates the expression of fear and the mod-
ulation of aggression. Electrical stimulation
of certain areas of the amygdala evokes in-
tense vigilance together with generalized fear
or rage reactions. On the other hand, surgical
removal of the amygdala results in hyperac-
tivity, marked hypersexual interest, compul-
sive orality, and a loss of fear and aggressive-
ness. Previously fearful or aggressive animals
are “tamed” by amygdalectomy, allowing con-
tact and petting without visible signs of ner-
vousness or fear. Moyer reports a dramatic re-
duction in fear in an amygdalectomized rat:

Normal albino rats freeze and remain immo-
bile in the presence of a cat even though they
have had no prior experience with that animal.
However, if the rat is amygdalectomized, its
behavior in the presence of the cat is not inhib-
ited and it approaches the cat without reluc-
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tance. In one case an amygdalectomized rat
climbed onto the cat’s back and head and be-
gan to nibble on the cats ear. The resultant at-
tack by the cat only momentarily inhibited the
rat, which again crawled back on the cat’s back
as soon as it was released. (1976:257)

Many neurons found in the amygdala ex-
hibit a low threshold of excitability and are
prone to seizure, with collateral cortical irra-
diation and possible loss of conscious aware-
ness. Dogs undergoing psychomotor seizure
activity may exhibit a pronounced and un-
predictable pattern of periodic explosive ag-
gression followed by disorientation. Seizure
activity in the amygdala has been associated
with the development of psychomotor
epilepsy. With the use of electroencephalo-
grams (EEGs), abnormal electrical activity
has been identified in the amygdala of aggres-
sive persons. It does seem reasonable that
some seizure activity in the amygdaloid com-
plex could result in heightened aggressive-
ness, vigilance, intolerance, disorientation,
and the periodic exhibition of inappropriate
explosive rage. A study by Holliday and
coworkers (1970) of epilepsy in dogs con-
firms that epileptic dogs frequently exhibit
collateral abnormal behavior (sometimes as
their most prominent symptom), including
episodic rage, voracious appetites or inappe-
tence, inappropriate vocalizations, aimless
pacing and circling, viciousness toward inani-
mate objects, intense fearful reactions, persis-
tent licking movements, restlessness, and “ap-
parent blindness.” Although psychomotor
seizure activity may be associated with collat-
eral aggressive behavior (Borchelt and Voith,
1985), aggressive behavior is infrequently di-
agnosed as a direct symptom of organic dis-
ease (Parker, 1990).

Moyer (1976) reports several studies indi-
cating that the amygdala plays an important
role in the modulation of predation and
other forms of aggression in various animal
species, probably through the modulation of
fear. Electrical stimulation of different areas
of the amygdala either inhibits or excites
predatory behavior. Similarly, other amyg-
daloid locations modulate (differendially in-
hibit or excite) irritable or fear-induced ag-
gressive displays. For instance, lesions in the
central nucleus produce a lower threshold for

irritable aggression in dogs. Once provoked,
such aggression appears to escalate quickly
without signs of fear or escape. In dogs, the
spontaneous attack that is observed in cats
with identical amygdala lesions (such cats at-
tack conspecifics without any provocation
from the target) does not occur. Instead, dogs
exhibit increasing signs of irritability and
frustrative arousal that quickly builds up and
finally precipitates a full-blown and intense
rage response—an avalanche syndrome (Fon-
berg, reported in Moyer, 1976). These behav-
ioral changes suggest that the central nucleus
may exercise a strong inhibitory influence
(fear) over affective-irritable aggression, with
disinhibition occurring when it is damaged.
The amygdala works in conjunction with
other limbic structures, cortical association
areas, thalamic nuclei, hippocampus (provid-
ing memories and context specificity to fear
responses), and basal ganglia (giving the
amygdala effector access to species-typical mo-
tor programs). As noted above, the amygdala
also forms direct and diverse connections
with the hypothalamus, including hypothala-
mic nuclei that control blood pressure, secre-
tion of stress hormones, and the startle re-
sponse (LeDoux, 1996). The majority of
these projections are bidirectional with target
structures projecting back to the amygdala,
providing a switchboard of interchange be-
tween these various areas of the brain. The
result is a system of checks and balances over
amygdaloid functions, including the display
of aggression and fearfulness. In addition to
fear, the amygdala appears to play an impor-
tant role in the mediation of social behavior
and motivation. Fonberg and Kostarczyk
(1960) observed various changes in the social
motivation and behavior of dogs after lesion-
ing the dorsomedial amygdala and/or the lat-
eral hypothalamus. In addition to the ex-
pected loss of appetite, the dogs lost their
ability to show normal social responsiveness
to people, expressed no emotion, made no
physical contact or effort to look at people,
were unresponsive to petting and would of-
ten move away when being petted, lost their
normal tail-wagging behavior, were easily dis-
tracted, were apathetic and slow moving,
and, in general, were indifferent to the social
environment. Apparently, the lesioned dogs
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lost their ability to derive pleasure from social
interaction.

As is discussed in more detail later in this
chapter, the amygdala appears to play a cen-
tral role in emotional learning (LeDousx,
1994). This function is facilitated by a num-
ber of amygdala afferent inputs (basal and
lateral nuclei) and efferent outputs (central
nucleus) projecting to various somatomotor
and autonomic areas controlling the expres-
sion of fear in the hypothalamus. The role of
the amygdala in the classical conditioning of
fear has been demonstrated in a variety of an-
imals and situations (Davis, 1992). Most of
these experiments have involved intracranial
electrical stimulation or the lesioning of spe-
cific areas of the amygdala. Other studies
have evaluated the effects of neurotransmit-
ters, agonists, and antagonists on the learning
of fear. For example, NE has been implicated
in the learning of conditioned fear responses
(Lavond et al., 1993). Injecting an NE antag-
onist (propranolol, a beta blocker) into the
amygdala after avoidance training disrupts
the subsequent performance of the previously
learned avoidance task. Also, naloxone (an
endogenous opioid antagonist) injected di-
rectly into the amygdala enhances the acqui-
sition of avoidance behavior. The explanation
for this improvement, however, does not rest
on a direct effect of naloxone on amygdaloid
activity but on an indirect causation involv-
ing the suppression of endogenous opioid ac-
tivity. Apparently, endorphins interfere with
the release of NE in the amygdala during
avoidance training. Microinjections of an
opioid agonist (levorphanol) also retard
avoidance learning, providing additional sup-
port for the foregoing account. Ablation of
the amygdala disrupts the acquisition and
maintenance of avoidance learning. Previ-
ously learned avoidance responses are either
quickly extinguished after amygdalectomy or
may require greater aversive stimulation to be
elicited (Thompson, 1967). On the other
hand, stimulation of the central nucleus
evokes many autonomic reactions correlated
with fear: increased heart rate, respiration,
and blood pressure. Such stimulation typi-
cally results in the inhibition of ongoing be-
havior and evokes various facial and motoric
expressions associated with fear. The constel-

lation of fearful responses evoked by amyg-
daloid stimulation is innately programmed
and not dependent on learning for its full ex-
pression. What is acquired or learned is the
range of stimuli and situations able to elicit
them.

Conditioned emotional responses are
learned when a neutral stimulus (e.g., a tone)
is paired with an unconditioned fear-eliciting
stimulus (e.g., shock). After a number of
pairings in which the conditioned stimulus
(CS) and unconditioned stimulus (US) are
presented in a close temporal order, the CS
will gradually acquire the ability to elicit the
fear response without the presentation of the
US. This connection between the CS and the
US appears to be mediated by the amygdala
in conjunction with the thalamus and other
related brain sites. Lavond and colleagues
(1993) reported a series of studies showing
that the classical conditioning of foot-shock
reactions (freezing reactions and increases in
blood pressure) depends on the participation
of various ancillary structures involved in the
process of associating conditioned and un-
conditioned stimuli. Animals with lesions to
auditory nuclei projecting from the thalamus
(medial geniculate nucleus) to the amygdala
fail to learn tone-foot-shock associations but
readily learn a light-foot-shock association.
Similarly, animals with hippocampal lesions
fail to acquire context-foot-shock associations
buc still learn the tone-foot-shock association.
Efferent projections from the amygdala to the
hypothalamus also play an important role in
classical conditioning of fear reactions. Le-
sions of the hypothalamus result in both the
elimination of conditioned freezing and con-
ditioned blood pressure responses.

In addition to amygdala-hypothalamus in-
teractions, the expression and experience of
emotion appear to require the collaboration
of several limbic areas, collectively referred to
as the Papez circuit (see below). This process
begins with emotionally primitive inputs
originating in the hypothalamus. These emo-
tional inputs are projected to the anterior
thalamus, where they undergo further elabo-
ration and are in turn relayed via the thala-
mocortical pathway into the limbic cortex
(e.g., the cingulate area). It has been specu-
lated that the limbic cortex provides a kind of
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neural “screen” organized to receive and bring
to awareness primitive emotional impulses
originating in the diencephalon. An analo-
gous relationship holds between a film pro-
jector and its receiving screen. Just as the im-
age produced by the projector requires a
screen to capture and focus its contents, the
limbic cortex receives, transforms, and brings
to awareness the emotional impulses gener-
ated by the hypothalamus. Prior to reaching
the limbic cortical areas, emotional input
lacks a hedonic quality and an experienced
subjective content.

Besides its apparent role in the experience
of emotion, the cingulate area appears to play
a role in the regulation of motor activity.
Stimulation of the anterior cingulate area ex-
cites motor activity, whereas stimulation of
the posterior cingulate area inhibits it. The
cingulate gyrus also appears to play an im-
portant role in the exhibition of sexual be-
havior. In males, cingulate lesions result in a
reduction of sexual drive, whereas similar le-
sions in females have no effect on sexual
drive but will disrupt maternal behavior, in-
cluding patterns of nursing and audiovocal
communication maintaining mother-progeny
contact. Additionally, the cingulate appears to
serve an important function in the facilita-
tion of play (MacLean, 1986). The develop-
ment of maternal behavior, distress vocaliza-
tion, and play are limbic hallmarks
differentiating the mammalian brain from
that of the reptile. The reptile brain lacks a
structure equivalent to the cingulate gyrus.
An important implication of MacLean’s work
for dogs is the putative localization of separa-
tion-distress vocalization within the anterior
cingulate gyrus.

Another limbic structure of interest is the
septal area—a putative reward center. In hu-
mans, electrical stimulation of the septum re-
sults in the pleasurable sensation of building
to, but never realizing, orgasm. Whereas the
amygdala is largely involved with the expres-
sion and experience of emotions associated
with self-preservation (e.g., escape-avoidance
of aversive stimuli), the septal area mediates
the experience of affects associated with sex-
ual behavior (MacLean, 1986). Electrical
stimulation of the septal area results in strong
erotic feelings and increased libido. An im-

portant regulatory function performed by the
septum is the inhibition of negatively moti-
vated behaviors such as aggression. Self-stim-
ulative electrodes implanted in the septum of
human patients have been used to control
impulsive aggression. In general, lesions of
the septal area result in disinhibition of ag-
gressive impulses together with exaggerated
reactivity to startle—septal rage syndrome.
Supporting this inhibitory function, the sep-
tum receives serotonergic projections from
the raphe bodies in the brain stem. Appar-
ently, the septal area performs an excitatory
role over hedonically pleasurable affects (e.g.,
erotic sensations) while inhibiting aversive
ones. Not surprisingly, it follows that septal
damage adversely affects the animal’s ability
to play (Panksepp, 1998). Although cingulate
lesions appear to negatively influence active
avoidance learning (negative reinforcement),
passive avoidance learning (positive and nega-
tive punishment) may be enhanced by such
lesioning. In contrast, septal lesions interfere
with passive avoidance learning (i.e., learning
that requires strong inhibition) but do not
appreciably interfere with active avoidance
learning and, in some cases, may even im-
prove it (Gray, 1971). Also, extinction and
reversal learning in which a previously
learned response must be abandoned or in-
hibited in order to learn a new one is dis-
rupted by lesioning of the septal area.

Most investigations of subcortical and cor-
tical limbic areas have been carried out with
the aid of ablation techniques or electrical
stimulation of target brain areas. This empha-
sis has naturally led some researchers to ex-
plore invasive procedures in the treatment of
behavior disorders. Delgado (1969) has been
particularly influential in this regard. In his
famous demonstrations, a charging bull is
halted in its tracks at the push of a button,
showing in a very dramatic way that aggres-
sive behavior can be controlled by remote
electrical stimulation of the brain. His work
offered hope that alternative treatment
modalities for the control of intractable and
otherwise untreatable behavior disorders
might be on the horizon. Another area that
has received some attention, including some
rather horrifying applications in human pa-
tients, is neurosurgery. Although very little
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experimental work utilizing neurosurgery as a
means to control abnormal behavior has been
carried out in dogs, it would appear from ba-
sic research that neurosurgery could provide
relief in some cases involving severe or in-
tractable anxiety, phobia, and aggression
(Beaumont, 1983), especially where euthana-
sia is the only alternative. Prefrontal loboto-
mies have been performed on dog-aggressive
sled dogs (malamutes) and on family dogs
with various aggression problems (Allen et
al., 1974). The surgeries appeared to be most
effective in the management of intraspecific
aggression in the sled dogs but yielded only
limited benefits for pet dogs exhibiting ag-
gression toward people. Other targets for
such surgery that have been mentioned in the
literature include thalamocingulate projec-
tions (cingulectomy), the thalamocortical
pathways, or various sites in the amygdala
and hypothalamus. Since a considerable
amount of surgical risk and cost is associated
with such interventions, the procedure is
rarely used. A major problem associated with
neurosurgery is the brain’s tendency to com-
pensate for its losses, often resulting in short-
lived benefits (for weeks to months) from
limbic lesioning (Thompson, 1967).

In addition to neurosurgery, electrocon-
vulsive therapy (ECT) has also been used to
treat aggression problems in dogs (Redding
and Walker, 1976). The authors reported a
significant reduction in aggression exhibited
by the treated dogs toward the owner, chil-
dren, dogs, or other adults (both men and
women) as the result of ECT. Redding
(1978) also suggests that ECT may prove to
be a useful therapeutic tool in the treatment
of other behavior problems, including fear
biting, neurodermatitis, destructive tenden-
cies, flank sucking, tail biting, and excessive
fear of loud noises. The effect of ECT in the
treatment of these behavior problems has not
been evaluated. Redding (1978) recommends
a treatment program involving daily multiple
convulsive exposures (under general anesthe-
sia) carried out over a week. After day 3 or 4,
marked changes are usually observed in ag-
gressive dogs in the direction of increasing
docility. He notes that repeated treatments
and retreatments may be necessary to main-
tain the improved behavior. As is the case in

human patients, ECT has a pronounced ef-
fect on memory:

After ECT treatment an “aura’ of confusion
and apparent loss of memory is observed in all
patients. Owners report that their dogs are
confused at times for 2 to 4 weeks after the
treatment, after which there is a gradual return
of memory. Following treatment and release
from the hospital, the dog may show no more
interest in the owner than in any other person.
The ability to recognize the owner returns rela-

tively rapidly, however. (1978:695-696)

According to Redding, memory loss is associ-
ated with the therapeutic benefit of ECT. To
my knowledge, little additional research has
been carried out to evaluate the effectiveness
and side effects of ECT. Like psychosurgery,
ECT has an ethical stigma attached to its use,
making it a last-resort option for the treat-
ment of refractory aggression—if used at all.

LEARNING AND THE
SEPTOHIPPOCAMPAL SYSTEM

The largest subcortical limbic structure is the
hippocampal formation. The hippocampus
appears to be involved in the processing of
memory and, in collaboration with other
limbic structures, various affective and cogni-
tive functions. Damage to the hippocampus
results in an animal’s inability to store recent
memory but does not interfere with memo-
ries already consolidated before damage oc-
curred. The hippocampus in conjunction
with the septum appears to play an impor-
tant role in response inhibition and habitua-
tion. It also serves important sensory process-
ing functions. One sensory function it
performs is the detection of novelty and fa-
miliarity. This attentional feature of the hip-
pocampus may represent a significant factor
in the hippocampal-lesioned animal’s inabil-
ity to form certain memories. Some theories
suggest that an attentional/contextualizing in-
terference may cause the hippocampus to “at-
tend” inaccurately to significant stimuli.

The hippocampus together with other
prominent structures belonging to the Papez
circuit (hypothalamic mammillary body, the
anterior thalamic nuclei, and the cingulate
gyrus) appears to play important interactive
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roles in the elaboration of emotional experi-
ence and expression (Steinmetz, 1994) (Fig.
3.3). According to the Papez circuit theory,
emotional experience is generated when in-
puts from the hypothalamus are projected
from the anterior thalamus into the cingulate
cortex—the site where “environmental events
are endowed with an emotional conscious-
ness.” Fibers from the cingulate cortex subse-
quently converge on the hippocampus, from
where the loop is closed as the processed in-
put is relayed back to the hypothalamus.
Steinmetz summarizes the basic functions of
this circuit:

Each of these loops seems to serve a specific
function that is associated with limbic system
activity such as timing (septal loops), response
processing (cingulate gyrus), processing of sen-
sory stimuli (trisynaptic loop) and so on. The
loop structure that is associated with the septo-
hippocampal system provides sophisticated cir-
cuitry for information processing such as the
processing that is necessary for generating emo-
tional responses. Indeed, the neural processes
that are involved in generating and regulating

emotional responses require the integration of
much information such as assessing the organ-
ism’s internal and external environments,
matching present experiences with past experi-
ences, and selecting responses (both autonomic
and somatic) that are appropriate for the situa-
tion. A relatively complicated circuitry, such as
the limbic system with its variety of structures
and interconnections, is likely at the heart of
generating and regulating emotional states.

(1994:24)

An important correlation appears to exist
between the hippocampus and the septal area
in their joint inhibitory functions. Under
conditions of arousal and septal-hippocampal
inhibitory control over ongoing behavior, the
hippocampus exhibits a steady theta brain
wave in contrast to surrounding desynchro-
nized activity occurring elsewhere in the
brain. Theta waves are produced in the hip-
pocampus by novelty, pain, and frustration.
Lesions of various brain sites (medial nucleus
of the septum and certain nuclei of the thala-
mus), as well as the effects of various drugs
(especially barbiturates), abolish or disrupt
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these theta waves, which are believed to be
associated with the normal inhibitory func-
tioning of the septohippocampal system
(SHS). Theta rhythms are generated by the
hippocampus in an area called the dentate
gyrus but are under the control of pacemaker
cells in the medial septum (Gray, 1982).

In line with such a processing-modulatory
function is Gray’s speculation that the hip-
pocampus, together with other limbic areas
interacting with the SHS, serves to excite or
inhibit behavior selectively (Gray, 1982). In
conjunction with the ARAS, for example, the
SHS appears to detect novelty in the environ-
ment and mediates the expression of surprise
or startle. The SHS also mediates other forms
of adaptation, including the most primitive
form of stimulus learning—habituation. Ori-
enting response studies performed by Sokolov
and Vinogradova (reported in Gray, 1971)
have shown that novelty and habituation are
processed by a comparator mechanism lo-
cated in the SHS. This mechanism compares
ongoing stimulation with an animal’s expec-
tations of what should be occurring. If the re-
sults of this comparison between what is ex-
pected and what actually occurs are different,
the effect produced is novelty (surprise/star-
tle) and the evocation of an appropriate ori-
enting response or intensified vigilance. If the
stimulation is identical to what the animal
expects, then habituation will occur—the dog
gradually takes no notice of it. Habituation is
highly specific, however. Sokolov’s studies
have shown that subtle changes of the stimu-
lus complex (e.g., intensity, duration, quality,
repetitive rate, and association with other
stimulus events) may trigger a comparator
“alarm” with a resultant recovery of the habit-
uated orienting response. This subtle type of
sensory sorting has led Gray to speculate that
novelty reaches the SHS by a thalamocortical
route rather than through the ARAS, which
appears to be more dedicated to attentional
functions arising from painful stimulation.
An immediate outcome produced by novelty
is the inhibition of ongoing behavior—a kind
of “stop and think” hesitation occurs when-
ever a dog is faced with something significant
and new. When the comparator finds a sig-
nificant difference between what is expected
and what actually happens, it signals and ac-

tivates the behavior inhibition system (BIS).
The BIS inputs cause ongoing behavior to
stop. The BIS is particularly associated with
punishment or frustrative nonreward. Both
punishment and frustration disrupt ongoing
behavior and subsequently invigorate or po-
tentiate instrumental responding.

Another general system outlined by Gray
involves the display of unconditioned escape
behavior and affective aggression in response
to fear- or anger-evoking stimuli. The flight-
fight system (FES) is predominately under
the regulation and control of the hypothala-
mus and the amygdala. As previously dis-
cussed, the hypothalamus controls both affec-
tive aggressive displays and quiet predatory
attacks.

Finally, Gray has postulated a behavioral
activation system (BAS) operating in
dopaminergic reward centers (nucleus accum-
bens) associated with the basal ganglia, neo-
cortical structures, and various regulatory
activities provided by the SHS, including im-
portant comparator functions. The BAS is as-
sociated with both the acquisition of reward
and the termination or avoidance of punish-
ment. The determination of whether a partic-
ular response is followed by reward or pun-
ishment depends on a comparator function.
Voluntary behavior is self-reflective, requiring
that at each moment the SHS evaluates the
convergence or divergence of expected out-
comes with what actually occurs. These vari-
ous functions are coordinated by the pre-
frontal cortex, resulting in organized learning
based on positive-feedback loops involving a
series of predictions and confirmations that
culminate in general expectancies about be-
havioral outcomes. Three basic outcomes on
voluntary behavior are possible as the result
of such expectancies: acquisition, extinction,
or maintenance. Behavior that is followed by
positive consequences exceeding expected
outcomes is strongly reinforced, whereas be-
havior attended by consequences that are
overpredicted (receiving a reward smaller
than expected) results in a weakening of the
associated behavior. Finally, responses fol-
lowed by outcomes that are well predicted
lead to confirmation of previously established
expectancies but result in no new learning.

The BAS and positive learning evolved to
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maximize direct contact with rewarding
events and to avoid their loss or omission. In
contrast, the BIS is concerned with the recog-
nition of signals anticipating punishment,
nonreward, or startle/novelty. In the presence
of such signals, the BIS prompts an animal to
inhibit ongoing behavior and to become
more vigilant. The FFS involves affective dis-
plays aimed at removing fear-eliciting or
threat signals by flight or attack. Gray (1991)
postulated a theory of temperament that in-
volves a combined contribution of these three
systems. The BIS encodes relevant pathways
and individual difference in the area of anxi-
ety and impulsivity with heightened sensitiv-
ity to learning involving punishment; the
FES encodes traits predisposing an individual
to various degrees of aggressive and defensive
behavior, and the BAS is relevant to an ani-
mal’s willingness to learn or alter behavior for
positive reinforcement.

According to Rogeness (1994), conduct
disorder in children may be conceptualized
within the general framework of Gray’s
model. A child who is predominately con-
trolled by reward mechanisms belonging to
the BAS may be unable to adequately control
maladaptive impulses that lead to immediate
satisfaction. Such individuals are unable to
inhibit consummatory behavior when faced
with the immediate prospects of reward ac-
quisition or escape-avoidance opportunities.
Also, children with an underactive BIS may
not condition well to signals predicting loss
of reward or other forms of punishment.
Since the BAS is mediated by dopaminergic
activity and the BIS governed by noradrener-
gic activity, one would expect in an impulse-
biased child or dog greater dopamine activity
and tone, as well as reduced noradrenergic
function. An additional factor, especially rele-
vant with regard to the expression of aggres-
sive behavior in such cases, is serotonergic
projections from the dorsal raphe bodies ter-
minating in the amygdala—an important
area for the inhibition of aggressive behavior.
Serotonin plays an important role in the reg-
ulation and inhibition of aggressive behav-
ior—decreased serotonergic activity in these
systems is associated with an increased likeli-
hood of aggressive impulsivity under condi-
tions of threat or frustration.

A dog governed by a strong BAS (strong
dopaminergic activity) tends to be one that
gets into perpetual trouble, moving from one
“jam” to another. Such dogs are swept up by
the moment’s opportunities and governed by
the acquisition of immediate gratification and
the calculation of escape-avoidance strategies
with which to avoid punishment—all re-
warding events. BIS (strong noradrenergic ac-
tivity)-controlled dogs, on the other hand,
are more circumspect and responsive to puni-
tive events impinging on them; such dogs are
more likely to inhibit their behavior in the
future following punishment instead of per-
petually making the same mistakes. Theoreti-
cally, dogs governed by strong BAS activity
and regulated by a weak BIS together with
reduced serotonergic modulation over amyg-
daloidal interconnections are more likely to
behave impulsively, possibly with episodic ag-
gression. Perhaps, a diagnostic test differenti-
ated by two biochemical parameters would be
useful for the evaluation of certain forms of
aggression: (1) evidence of decreased nora-
drenergic/serotonergic activity and (2) evi-
dence of increased dopaminergic activity.
Clinical investigations of drugs that inhibit
the reuptake of NE and serotonin (e.g.,
amitriptyline and clomipramine) in conjunc-
tion with appropriately selective dopamine
antagonists might prove very useful for the
management of canine impulsive behavior
disorders, including some forms of hyperac-
tivity and aggression.

CEREBRAL CORTEX

The cortex, which is the outermost and latest
development in the evolution of the verte-
brate brain, is believed to be the central site
of consciousness and intelligence, performing
the most complex associative and mnemonic
functions. The gray matter (the fissured and
convoluted outer surface) is largely composed
of neuron cell bodies stacked approximately 3
mm thick. Underlying the cortex is a white
medullary structure composed of myelinated
axonal fibers that communicate with different
parts of the cortex and other proximal and
distal areas of the brain. Beneath the
medullary white matter are the basal ganglia,
a collection of subcortical nuclei involved in
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the mediation of complex movement, like
walking and running. Removal of the cere-
bral cortex (but sparing the basal ganglia) re-
sults in the loss of sophisticated locomotor
skills, but other motor activities, like run-
ning, walking, fighting, and sexual behavior,
are not significantly affected. Besides motor
functions, the cerebral cortex is intimately in-
volved in the organization of somatosensory
information and the elaboration of various
cognitive functions, like learning and prob-
lem solving.

The cerebral cortex is divided into two
large left and right hemispheres that are in-
terconnected by the corpus callosum and
other commissure fiber bundles, allowing the
two sides of the brain to communicate with
each other. An interesting feature of the cere-
bral cortex is that its two sides have a con-
tralateral relationship with the body—for ex-
ample, impulses originating on the right side
of the cortex are responsible for motor activ-
ity on the left side of the body and vice versa.
The cortex is functionally sectioned into sev-
eral areas serving distinct roles: the frontal
lobe (serving various unifying and associative
functions), the temporal lobe or auditory cor-
tex (responsible for receiving and processing
auditory information), the precentral lobe or
primary motor cortex (involved in fine motor
activity), the parietal lobe (receiving somatic-
tactual sensory input from the skin and
body), and the occipital lobe (receiving and
processing visual inputs).

The prefrontal cortex located in the
frontal lobe receives input from many parts
of the brain and assesses it in terms of a dog’s
changing needs, goals, and the current de-
mands of the internal and external environ-
ment. In addition to the assessment of input,
the prefrontal cortex decides on the course of
action needed and directs the expression of
programmed species-typical action patterns.
The prefrontal cortex evaluates the effect of
such behavior via reward-punishment out-
comes (Suvorov et al., 1997). Consequently,
pathways originating in the prefrontal cortex
appear to play a very significant role in the
coordination of goal-directed behavior, per-
haps in conjunction with the behavioral acti-
vating system as previously described. Dam-
age to the prefrontal cortex produces a

number of significant cognitive and emo-
tional dysfunctions. Allen and colleagues
(1974) found that dogs that had undergone
prefrontal lobotomy exhibited a high degree
of distractibility, but, paradoxically, once they
managed to focus on something, they seemed
to hold their attention on it for an unusual
length of time. Emotionally, the dogs with
prefrontal damage (especially involving the or-
bitofrontal area) appeared disorganized and
uninhibited. For example, the authors men-
tion one dog that “growled while experiencing
seemingly pleasurable stimuli” (1974:207).

The frontal cortex is a unifying association
structure, serving many cognitive, memory,
emotional, and motor functions. The pre-
frontal lobes appear to play a prominent role
in learning, especially learning that requires a
mental representation of the world. Animals
suffering lesions to this area of the brain can
learn simple conditioned associations and
perform appropriate instrumental responses
as long as the necessary information required
to learn the behavior and perform it are pre-
sent and held constant (e.g., a discrimination
task involving a positive and a negative stim-
ulus). However, animals with prefrontal le-
sions do poorly when required to perform a
delayed-response task. For example, if a pre-
frontally damaged dog is shown the location
of a piece of food and then briefly removed
from the room, the dog would display a
much retarded ability to remember where the
item was last seen a few moments before.
Mastering a delayed-response task requires
that dogs form a mental picture or represen-
tation of the context and the location of the
item in that context. Such effects of lesioning
suggest that the frontal cortex plays an im-
portant role (in conjunction with limbic
structures like the hippocampus and amyg-
dala) in the operation of working memory
(Goldman-Rakic, 1992).

The temporal cortex, which is located lat-
erally on the cortex toward the frong, is pri-
marily concerned with the organization of in-
formation derived from audition. Cortical
functions originating in the temporal lobes
also appear to play an important role in the
formation of complex visual patterns. A dog’s
ability to recognize its owner’s face from oth-
ers probably involves the participation of the
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temporal lobe. This area is the only cortical
structure to receive projections from all the
sensory modalities. The temporal lobes play
an important role in the higher elaboration
and the conscious experience of emotion, re-
ceiving projections from the limbic system
and more primitive input directly from the
thalamus. Monkeys that have undergone ex-
tensive damage to the temporal lobes do not
exhibit normal fears and anxieties, are unusu-
ally calm and placid while being handled,
and tend to engage in compulsive oral behav-
ior. For instance, unlike normal monkeys, le-
sioned animals may pick up snakes and
lighted matches without exhibiting any ap-
parent fear. These effects of temporal lobe le-
sioning and damage to underlying limbic
structures located in the temporal lobes are
collectively referred to as the Kluver-Bucy
syndrome (Kluver and Bucy, 1937). The au-
thors refer to these phenomena as examples
of “psychic blindness,” arguing that the ab-
sence of fear could not be fully explained by
reduced emotional reactivity alone, suggest-
ing that the lesioned animals may simply fail
to “recognize” the items as innately feared ob-
jects.

Considering the important associative and
regulatory functions that are performed by
the frontal cortex, it would seem reasonable
to conclude that the frontal cortex (especially
localized in the prefrontal and orbitofrontal
areas) probably plays a considerable role in

Weak Influence
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the control of impulsive and episodic behav-
ior, such as aggression and panic. In addition
to exercising regulatory control over target
subcortical trigger sites (e.g., the amygdala
and hypothalamus) and motor programs in
the basal ganglia, it is a central area for inter-
preting and integrating the hedonic arousal
resulting from highly motivated behavior,
thereby providing a means to enhance central
control over such impulses through learning.
Unfortunately, as noted by LeDoux (1996),
the connections from the amygdala to the
cortex are far stronger than the regulatory
connections from the cortex to the amyg-
dala—a functional asymmetry that may help
explain the failure of some animals to gain
full control over their fearful or aggressive
impulses (Fig. 3.4). Also, some evidence sug-
gests that the prefrontal cortex is affected by
the dimorphizing influence of perinatal hor-
mones (Kelly, 1991), perhaps affecting corti-
cal regulatory control over fear and aggres-
sion, as well as influencing many other neural
activities. This possibility is consistent with
the general observation of trainers and behav-
forists that male dogs present more frequently
with aggression and other common behavior
problems than female dogs. Although various
mechanisms and neural sites are probably in-
fluenced by such hormonal activity, the pre-
frontal area may be particularly important
because of the influence that it appears to ex-
ert on the perception of social signals and the

Strong Influence

CORTICAL SUBCORTICAL AUTONOMIC
PROCESSES PROCESSES PROCESSES
Strong Influence Weak Influence
Cognition Emotion

L

PNS/SNS /?ctivity

FI1G. 3.4. Diagram of the asymmetrical interactions between cortical, subcortical, and autonomic neural
processes. PNS, parasympathetic nervous system; SNS, sympathetic nervous system.
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coordinated actions that it directs in response
to that information. Brain and Haug describe
the close relation between hormones and so-
cial communication:

Hormones can be regarded as acting on situa-
tional factors by altering the perception of sig-
nalling between conspecifics. Evidence for hor-
monal involvement in perception has been
obtained for all the major sensory systems. ...
Hormones also may alter the probability of the
production of signals that serve social func-
tions. The most frequently modified signals are
somatosensory, olfactory, visual, and auditory.
For example, androgens and estrogens have
major effects on olfactory social communica-
tions in both rodents and infra-human pri-

mates. (1992:543-544)

The parietal lobes, which are located on
either side of the cortex toward the rear,
make up a central cortical region mainly in-
volved with processing somatosensory infor-
mation from the body. This area is concerned
with the senses of touch (pressure), warmth,
cold, and pain. It is also responsive to propri-
oceptive sensory input from the muscles, ten-
dons, and joints. The parietal area contains
several mental representations of the body
mapped out over its surface that correspond
to various parts of the body. Depending on
the amount of sensory input and the particu-
lar sensory modality’s importance to the
species involved, the size of any particular
area represented in the cortex will vary. Rats
(which depend on their whiskers to a great
extent) have a disproportionately large area of
their somatosensory cortex devoted to the
mapping and representation of sensory input
from their whiskers. Eichelman (1992) has
noted that the mere clipping of a rat’s
whiskers has an equivalent suppressive effect
on affective aggression as a bilateral amyg-
dalectomy. The amount of the cortex mapped
for any sensory modality is proportionately
correlated with the relative size of the thala-
mic relay involved (Thompson, 1993). The
occipital lobe is located at the rear of the
brain and is primarily involved in the pro-
cessing of visual information relayed to it by
the thalamus. Extensive lesioning of the oc-
cipital lobe of the cerebral cortex results in
blindness.

Even though a dog’s behavior is strongly

influenced by intrinsic neurobiological
processes, it remains flexible and responsive
to the adaptive influence of learning. An im-
portant function of behavioral intervention is
to improve a dog’s ability to focus attention,
to exercise impulse control, and to develop a
more adaptive repertoire of coping strategies.
Most veterinary clinicians emphasize the im-
portance of adjunctive behavior modification
when administering psychotropic medica-
tions, such as fluoxetine. While the subcorti-
cal circuits mediating the expression of affec-
tive aggression can be modulated by such
drugs, treatment is only lastingly effective if
corresponding cortical regulatory control is
enhanced at the same time through learning.
In severe cases, medications may help dogs to
obtain better self-control over their dysfunc-
tional or problematic impulses, but such
drugs can never take the place of sound train-
ing and behavioral intervention.

NEUROTRANSMITTERS AND BEHAVIOR

An important cellular function performed by
neurons is the manufacture of chemical neu-
rotransmitters. Neurotransmitters are pro-
duced in the cell body of specialized neurons
by the endoplasmic reticulum, which is dis-
persed throughout most of the cytoplasm of
the neuron. After manufacture, neurotrans-
mitters are stored in vesicles produced by an-
other cell structure called the Golgi appara-
tus. The vesicles containing the
neurotransmitter are subsequently trans-
ported down the axon along microtubules
and stored in the presynaptic terminal. This
process is called axonal transport and in-
cludes both a slow and fast variety. Fast trans-
port moves chemical transmitters quickly
down the axon at a rate of 10 to 20 mm a
day, whereas slow transport may move sub-
stances at a much slower rate of only about 1
mm per day. Axon transport takes place in
both directions—both away from and back

toward the cell body (Thompson, 1993).

Acetylcholine

As previously discussed, communication be-
tween neurons takes place at small gaps be-
tween neurons called synapses. Different
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chemical transmitters are involved, each pos-
sessing specific functions at different levels of
neural organization. Peripheral neurons in-
nervating skeletal muscle fibers act via the re-
lease of acetylcholine (ACh). The secretion of
ACh into the synaptic cleft stimulates adja-
cent postsynaptic receptor sites to open ionic
channels, resulting in the depolarization of
the affected cell. The stimulative effects of
ACh continue as long as it remains in the
synapse. To open the synapse for additional
transmissions, the receptor cell releases acetyl-
cholinesterase (AChE), an enzyme that de-
grades ACh into acetate and choline. An in-
teresting aspect of ACh in the body is that it
exhibits an excitatory or an inhibitory effect
depending on the muscle receptors involved.
Skeletal muscles are excited by ACh, whereas
the heart muscle is inhibited by it. Curare, a
compound used experimentally to inhibit
voluntary muscle activity, blocks the receptor
sites for ACh in the skeletal muscles (result-
ing in paralysis) but has no effect on the
heart muscle. Atropine, on the other hand,
blocks the inhibitory effects of ACh on the
heart muscle but has no discernible effect on
skeletal muscles. Nicotine acts on skeletal
muscle receptor cells in much the same ways
as ACh. Sites sensitive to the excitatory ef-
fects of nicotine and ACh are referred to as
nicotinic receptors. Muscarine (a poison de-
rived from mushrooms) has an inhibitory ef-
fect much like that of ACh on the activity of
the heart. As a result, ACh receptor sites that
serve to slow the heart rate are called »2us-
Ccarinic receprors.

Glutamate and GABA

Synaptic transmission within the brain is also
mediated by neurotransmitters synthesized
from various amino acids derived from di-
etary protein. Excitatory transmissions are
conducted by glutamate, whereas GABA is
responsible for inhibitory transmission across
neural synapses. Unlike ACh, glutamate and
GABA are not broken down by enzymatic ac-
tions within the synaptic cleft but are reab-
sorbed by the presynaptic terminal through a
reuptake process called pinocytosis. During
the reuptake process, the presynaptic mem-
brane enfolds around the transmitter mole-

cule, drawing it back into the axon. Gluta-
mate and GABA balance and check each
other through a complex excitatory-in-
hibitory process of neural homeostasis. A
complete loss of GABA in the brain would
result in uncontrolled excitation and convul-
sions.

GABA has been implicated in the control
of phobias and generalized anxiety disorders.
Intense fear and anxiety problems in dogs are
frequently treated with various benzodi-
azepine preparations. Such anxiolytics appear
to affect benzodiazepine-GABA receptors
concentrated along fear circuits communicat-
ing between the amygdala and hypothalamus.
Benzodiazepine receptors are closely associ-
ated with GABA receptors. Medications such
as diazepam (Valium) appear to work by
modifying the binding of GABA to its recep-
tor, thereby amplifying receptor activity and
reducing fear and anxiety by inhibiting activ-
ity in fear circuits (Panksepp, 1998). Mur-
phree (1974) tested the effects of several
common psychotropic drugs on the extreme
anxiety reactions of genetically fearful point-
ers. Of the various drugs tested, which in-
cluded phenobarbital, chlorpromazine, am-
phetamine, and alcohol, Murphree
determined that the benzodiazepines were
“far superior.” Nervous dogs treated with
benzodiazepines learned a bar-pressing re-
sponse more quickly and performed the re-
sponse at a higher rate than dogs not treated.
Since benzodiazepines have specific receptor
sites mediating their effect on fear and anxi-
ety, it has been speculated that the brain itself
produces anxiolytic substances much like the
analgesic opioids (endorphins) are produced
in response to pain. Like morphine, benzodi-
azepines are potentially highly addictive.

Catecholamines: Dopamine and
Norepinephrine

Another group of important neural transmit-
ters are the catecholamines. Tyrosine (an
amino acid) is converted through various
chemical actions from L-dopa (L-3,4-dihy-
droxyphenylalanine) to dopamine, NE, and
lastly epinephrine. Each of these chemical
changes requires the action of a specific en-
zyme. Some neurons possess the necessary
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enzymes needed to produce dopamine,
whereas others have an additional enzyme for
the synthesis of NE (Fig. 3.5). Although epi-
nephrine is not produced in the brain, its
production is under hypothalamic influence
via the adrenal medulla.

Most dopamine is produced and distrib-
uted through three brain systems: (1) The ni-
grostriatal system involves dopamine-produc-
ing neurons originating in the substantia
nigra of the midbrain, with axons projecting
into the basal ganglia (a forebrain area in-
volved in coordinated movement). (2) The
mesolimbic system originates in dopamine-
producing cells within the ventral tegmental
area (located adjacent to the substantia ni-
gra). Mesolimbic axons project to various re-
gions via the MFB, including the amygdala,
lateral septum, hypothalamus, hippocampus,
and nucleus accumbens. (3) The mesocortical
system also originates in the medial tegmen-
tal area, with axons projecting to the limbic
cortex (cingulate and entorhinal areas), pre-
frontal cortex, and hippocampus. In addi-
tion, a fourth dopamine system communi-
cates between the hypothalamus and the
pituitary gland. Both mesolimbic and meso-
cortical dopamine circuits have been impli-
cated in the development of serious cognitive
and behavioral disorders, such as schizophre-
nia (Kandel, 1991). It has been theorized that
an affected person’s brain contains either too
much dopamine or too many receptor sites
for dopamine activity. Phenothiazines are a
class of major tranquilizers that bind with

TYROSINE =P Tyrosine Hydroxylase

these receptor sites, thereby preventing
dopamine from doing so. Chlorpromazine
(Thorazine) is a commonly prescribed an-
tipsychotic drug that functions specifically as
a dopamine antagonist. On the other hand,
depletion of dopamine can also result in seri-
ous problems, as observed in Parkinson’s dis-
ease, which involves the second dopamine
circuit (nigrostriatal) originating in the sub-
stantia nigra, with projections terminating in
the basal ganglia. Parkinson’s disease results
from the depletion of dopamine and the de-
struction of dopamine-producing neurons.
The disease is associated with several motor
deficiencies, including repetitive movement,
tremors, and loss of coordinated movement.
Parkinson’s disease is treated with the
dopamine precursor L-dopa. Dopaminergic
circuits have been implicated in the develop-
ment of compulsive disorders in dogs. Fi-
nally, dopamine plays a central role in the
mediation of classical and instrumental learn-
ing. Reward experiences occurring as the re-
sult of either negative or positive reinforce-
ment appear to be dopamine dependent. The
reinforcement effects derived from appetitive
stimuli, as well as those occurring as the re-
sult of the successful avoidance of aversive
stimulation, are both interfered with when
dopamine activity is blocked (Carlson, 1994).
NE circuits in the brain originate in neu-
rons belonging to the locus coeruleus located
in the brain stem. Axonal fibers extending
from these NE-producing neurons project
into all major structures of the brain. These

DOPA —.‘ Dopa Decarboxylase

DOPAMINE (DA) —' Dopamine {§-Hydroxylase

NOREPINEPHRINE (NE)

FI1G. 3.5. Synthesis of catecholamines from dietary tyrosine.
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diffuse projections contribute to the ARAS,
providing a steady level of arousal or wakeful-
ness within these divergent circuits and sys-
tems. NE axons often form synaptic termi-
nals in a very different way than the basic
pattern previously described. Instead of the
conventional synapse, the NE axons form
swollen protuberances along their surfaces. At
each of these protuberances, NE is released as
the action potential moving along the axon
reaches these swellings. NE is reabsorbed
through a reuptake mechanism. Among its
many functions, NE is an excitatory trans-
mitter of the ANS, stimulating increased
heart rate and respiration during sympathetic
arousal.

Serotonin (5-Hydroxytryptamine)

An important neurotransmitter in the neural
economy of dogs is serotonin or 5-hydroxy-
tryptamine (5-HT), which is especially im-
portant for the control of sleep cycles and has
been implicated in the neurochemistry of
stress, depression, and aggression. Specialized
neurons manufacture serotonin from nutri-
tional tryptophan (Fig. 3.6). Serotonin is
stored in vesicles located in the presynaptic
axon, and under appropriate stimulation,
these serotonin-containing vesicles are re-
leased into the synaptic cleft. Serotonin mole-
cules bind to specific serotonergic-receptor
sites located on the postsynaptic neuron. Like
other monoamines already discussed, sero-
tonin is not broken down in the synapse like
ACh but is recaptured through a reuptake
mechanism. Excess amounts of serotonin are
broken down by monoamine oxidase (MAO)
within the presynaptic terminal. Serotonin-

producing neurons are located in the raphe
nuclei located in the medulla, with projec-
tions into various parts of the brain. The
raphe nuclei send serotonin-containing fibers
to sleep-wake regulatory centers in the hypo-
thalamus (suprachiasmatic nucleus), to the
amygdala, hippocampus, septum, basal gan-
glia, and cerebral cortex. Besides controlling
sleep-wake cycles, serotonin projections ter-
minating in the limbic system play an impor-
tant role in inhibiting anger and aggression.
Further, serotonin directly attenuates the sub-
jective experience of pain occurring during
highly emotional displays involving anger or
aggression, thereby mitigating against the ef-
fectiveness of physical punishment in the
control of emotionally charged (affective) ag-
gression.

Depression is often treated with drugs that
either inhibit the reuptake of serotonin and
NE or block the action of MAO—an enzyme
that chemically breaks down the neurotrans-
mitter. MAO inhibitors prevent the enzy-
matic breakdown of serotonin and other
monoamines reabsorbed into the presynaptic
terminal, thus making more of these sub-
stances available for use. Antidepressants like
fluoxetine (Prozac) function to keep more
serotonin in the synaptic cleft by selectively
inhibiting its reuptake. Other antidepressants
(tricyclics) like imipramine (Tofranil) and
amitriptyline (Elavil) inhibit the reuptake of
both serotonin and NE. The benefits of tri-
cyclic medications on depression have led to
theories implicating low levels of serotonin
and NE in its development. Iorio and col-
leagues (1983) isolated a group of “de-
pressed” beagles and tested various anxiolytic
and psychotropic drugs on them. That re-

TRYPTOPHAN — Tryptophan Hydroxylase

5-HYDROXYTRYPTOPHAN (5-HTP) — 5-HTP Decarboxylase

SEROTONIN (5-Hydroxytryptamine, 5-HT)

FIG. 3.6. Synthesis of serotonin from dietary tryptophan.
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search group found a significant improve-
ment in 50% of the dogs exposed to
imipramine, amitriptyline, and isocarboxazid
(an MAO inhibitor). Interestingly, the dogs
tested all exhibited a 2-week (10- to 17-day)
delay from the onset of treatment to the ap-
pearance of signs of improvement. None of
the dogs showed immediate improvement
under tricyclic treatment, and all (except one)
returned to baseline levels of depression when
medication was withdrawn after 28 days.
More recently, Rapoport and colleagues
(1992) demonstrated a connection between
serotonergic activity and acral lick dermatitis
(ALD), a compulsive disorder in dogs. A to-
tal of 42 dogs exhibiting compulsive licking
were exposed to controlled trials involving
various drugs, including clomipramine
(Anafranil) and fluoxetine (Prozac). The re-
sults of the study showed that clomipramine
(a tricyclic antidepressant) and fluoxetine [a
selective serotonin reuptake inhibitor (SSRI)]
were both effective against ALD, whereas the
other medications tested were not beneficial.
The authors speculate from research carried
out by Jacobs and coworkers (1990) in cats
that a specific serotonin subsystem in the
dorsal raphe may be inappropriately activated
by chewing and licking, thus implicating it as
a potential neural site for ALD.
Clomipramine has also been shown to be
an effective medication for the treatment of
fear and generalized anxiety in companion
dogs not responsive to behavior therapy (de-
sensitization and counterconditioning) or
previous treatment with anxiolytics (di-
azepam) or other tricyclics lacking strong
serotonin reuptake-blocking effects (Stein et
al., 1994). The study involved five dogs of
various ages and breeds presenting with
symptoms of fear and generalized anxiety. All
the dogs exhibited improvement (three of
them much improved to very much im-
proved) within 2 to 3 weeks under the influ-
ence of clomipramine. A previous study car-
ried out by Tancer and colleagues (1990)
evaluated the effects of imipramine (Tofranil,
a related tricyclic drug) on 17 genetically ner-
vous pointers but without much success.
Imipramine is commonly prescribed for the
control of panic disorder in humans. In the
case of the nervous pointers, however, little

sustained improvement was observed in the
dogs treated orally with 50 mg given twice
daily.

Monoamines and the Control
of Aggression

Several studies have implicated monoamines
in the regulation of aggressive behavior
(Siegel and Edinger, 1981). For example,
quiet or predatory aggression is significantly
reduced in animals by increasing the levels of
NE in the hypothalamus and the medial nu-
cleus of the amygdala. On the other hand,
increased levels of NE stimulate affective hos-
tility involving intruder-induced or pain-in-
duced aggression. Eichelman and colleagues
(1981) have reviewed the relevant literature
regarding the biochemistry and pharmacol-
ogy of aggression. Included was a series of
studies by Reis (1972) demonstrating that
electrically induced rage via the amygdala in
cats results in the depletion of NE reserves in
both forebrain and brain stem areas. Other
studies of decerebrate cats have shown that
electrical evocation of sham aggression results
in a depletion of NE in the brain stem in
proportion to the magnitude and duration of
the rage evoked. This depletion is followed
by a sharp increase of NE metabolism as evi-
denced by rising levels of tyrosine hydroxy-
lase activity (Leventhal and Brodie, 1981).
Tyrosine hydroxylase is the rate-limiting fac-
tor in the production of both dopamine and
NE. The amount of this enzyme in the neu-
ron determines how much NE it can pro-
duce. Sham rage is entirely suppressed in
cases where catecholamine reserves are com-
pletely depleted and synthesis is chemically
blocked. Lithium, a drug that reduces brain
NE, attenuates shock-induced aggression, but
this effect is confounded by a possible in-
volvement of increased serotonin availability
also caused by lithium.

Arons and Shoemaker (1992) studied the
distribution of catecholamines (dopamine
and NE) and beta-endorphin in different
brain regions of three behaviorally distinct
breeds: the Border collie, shar planinetz, and
the Siberian husky. These breeds exhibit dif-
ferent predatory responses toward mice serv-
ing as prey, with the husky showing the most
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predatory and consummatory behavior and
the shar showing the least predatory and con-
summatory behavior toward mice. They
found significant differences in the relative
concentrations of some of the neural trans-
mitters measured, suggesting that breed-spe-
cific behavioral differences may be related to
underlying neurochemical differences ob-
tained through selective breeding. For exam-
ple, in the lateral hypothalamus, a site associ-
ated with quiet attack, shars exhibited a
significantly lower concentration of
dopamine than found in collies or huskies.
Despite the evident breed differences in cate-
cholamine concentrations, the authors note
that complex behavior patterns like predation
are probably governed by a complex interac-
tion of many neurotransmitter systems. One
particular neurotransmitter differentiation be-
tween the breeds studied seemed especially
suggestive. An important trait difference be-
tween collies, shars, and huskies is their gen-
eral activity and exploratory levels. Collies
and huskies tend to be more active and inter-
active with their immediate environment
than are shars. NE is frequently associated
with arousal and general activity levels. Con-
sequently, it is not surprising to find that col-
lies and huskies exhibit a 40% to 60% higher
level of NE than shars in important NE areas
of the brain (e.g., the locus coeruleus, brain
stem, and diencephalic areas). NE levels may
provide an important biological marker cor-
related with general activity and exploratory
levels in different breeds of dogs.

Although cholinergic pathways in the
brain are not as well studied as monoaminer-
gic pathways, some studies have shown a
linkage between ACh and aggressive behav-
ior. Injections of ACh placed in the ventricu-
lar system (fluid-filled areas inside the brain)
result in affective aggression and rage in cats.
Further, direct cholinomimetic stimulation
(carbachol) of the amygdala also results in ag-
gressive behavior in cats. Cholinergic agonists
injected into the lateral hypothalamus of
nonkilling animals induces quiet attack be-
havior. This predatory response is blocked by
the cholinergic antagonist atropine (Eichel-
man, 1987). Dopaminergic and beta-adrener-
gic blockers do not suppress cholinergic-in-
duced aggression (Leventhal and Brodie,

1981).

Increasing evidence suggests that the in-
doleamine serotonin plays an inhibitory role
over the exhibition of both predatory (quiet
attack behavior) and affective aggression. De-
pletion of serotonin increases affective aggres-
sion in rats and quiet attack behavior in cats,
whereas increased serotonin production re-
duces affective aggression in rats and reduces
fighting behavior among isolated (usually
more aggressive) mice. Recently, Reisner and
colleagues (1996) demonstrated that the cere-
brospinal fluid (CSF) of dogs exhibiting
dominance-related aggression contains lower
levels of serotonergic and dopaminergic
metabolites than found in normal (nonag-
gressive) controls. Among the dominant-ag-
gressive dogs studied, those that reportedly
attacked without warning were found to have
significantly lower concentrations of 5-hy-
droxyindoleacetic acid (5-HIAA) and ho-
movanillic acid (HVA) in their CSF than
those dogs that gave warning before biting.
The investigators suggest that this difference
between dogs that warn and those that do
not may indicate an impairment of a seroton-
ergic-mediated impulse control mechanism
modulating such aggressive displays. Also,
dogs studied that had a history of biting hard
(puncturing or lacerating the skin) tended to
have lower concentrations of 5-HIAA and
HVA than did dogs not delivering damaging
bites. Interestingly, Popova and colleagues
(1991) found significant differences in the
serotonergic activity of human friendly versus
human aggressive/defensive silver foxes. Foxes
selected for tame behavior have greater
amounts of serotonin and related by-products
in their brain tissue, suggesting increased
serotonergic activity. Popova and coworkers
speculated that increased serotonergic activity
may play an instrumental role in the process
of domestication, serving to reduce aggressive
tendencies and replacing them with more
prosocial and tame ones. They found a simi-
lar pattern of increased serotonergic activity
in tame versus wild Norway rats.

The influence of serotonin on aggressive
behavior appears to be linked to the strong
inhibitory effect that the neurotransmitter
has over emotional processes and impulsive
behavior. Stein and coworkers reported find-



Neurobiology of Behavior and Learning 99

ings indicating that a decrease in serotonergic
activity results in “an inability to adopt pas-
sive or waiting attitudes, or to accept situa-
tions that necessitate or create strong in-
hibitory tendencies” (1993:10). Reducing the
availability of serotonin by blocking its syn-
thesis or available receptor sites negatively af-
fects the suppressive effects of punishment,
whereas the restoration of normal serotonin
levels reverses this disinhibitory effect. Olivier
and colleagues (1987) demonstrated strong
inhibitory effects of serotonin-enhancing
drugs on the frequency of various forms of
aggression exhibited by mice and rats, includ-
ing intermale aggression (mice), resident-in-
truder aggression (rats), isolation-induced ag-
gression (mice), maternal aggression (rats),
and mouse-killing behavior in rats. Especially
strong inhibitory effects were observed in ani-
mals medicated with the serenics fluprazine
and eltoprazine (serotonin agonists). Eltop-
razine, in particular, exhibited very promising
characteristics for the control of aggressive
behavior. It not only inhibited a wide spec-
trum of aggressive behaviors, but seemed ini-
tially to be highly specific with few collateral
side effects on other behavioral systems. Un-
fortunately, subsequent research seems to in-
dicate that the aggression-reducing effects
may be due to anxiogenic side effects. Dod-
man (1998) found that although eltoprazine
did reduce aggression, it also appeared to ele-
vate anxious behavior in the two dogs
treated. Other research (Kemble et al., 1991)
seems to support the conclusion that serenics
elevate social anxiety, thus making their use
highly questionable in the control of aggres-
sive behavior.

The apparent connection between en-
hanced serotonin activity and the inhibition
of aggressive behavior has led to the wide-
spread use of SSRIs and tricyclic antidepres-
sant medications for the control of canine ag-
gression problems, especially dominance-
related aggression (Dodman et al., 1996a).
Another drug found to show some promise
for the control of dominance aggression in
dogs is lithium (Reisner, 1994). Physiologi-
cally, lithium decreases NE turnover and in-
hibits tyrosine hydroxylase activity, thus af-
fecting dopamine production. In addition,
lithium produces an increase in blood levels

of tryptophan; increases serotonin production
in the brain, while at the same time inhibit-
ing its metabolism; and, in general, enhances
the aggression-inhibiting functions of the
serotonergic system (Leventhal and Brodie,
1981).

Diet and Enhancement of Serotonin Pro-
duction

The brain’s production of serotonin depends
on nutritionally derived tryptophan. Trypto-
phan, like other precursor amino acids used
in the manufacture of neurotransmitters,
reaches the brain by passing through the
blood-brain barrier. Research first carried out
at the Massachusetts Institute of Technology
under R. J. Wurtman has demonstrated that
diets rich in protein tend to deplete brain
tryptophan levels. This is a somewhat para-
doxical finding, since tryptophan is a protein-
forming amino acid and should be made
more available to the brain as blood protein
levels increase (Young, 1986). Even more
paradoxical is a related finding that diets high
in carbohydrates actually increase available
tryptophan for serotonin synthesis, even if
the food itself contains only modest amounts
of tryptophan. The explanation for these ap-
parent discrepancies involves two parts. (1)
Naturally occurring tryptophan represents
only a small proportion of the various amino
acids making up protein (approximately 1%
to 1.6%). The other larger and more preva-
lent amino acids all compete with tryptophan
for a limited number of transport channels
passing through the blood-brain barrier. The
result of the foregoing biochemical scenario is
that tryptophan is blocked out and the brain
may be quickly depleted of available stores of
the amino acid needed for the steady produc-
tion of serotonin. (2) A more complicated
metabolic process is needed to explain how a
high-carbohydrate diet raises brain levels of
tryptophan. Diets containing a proportion-
ately higher level of carbohydrates than pro-
tein (at least 1 part protein to 5 to 6 parts
carbohydrate) stimulates the secretion of in-
sulin. An important effect of insulin produc-
tion is its diversion of large neutral amino
acids (other than tryptophan) into muscle tis-
sue. Because of its unique molecular structure
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differentiating it from other amino acids,
tryptophan is not similarly affected by the se-
cretion of insulin. The outcome is that the
proportion of plasma tryptophan is greatly
increased, thus obtaining an advantage over
other amino acids competing for transport
through the blood-brain brain. As a result,
the brain’s production of serotonin is signifi-
cantly increased.

For the increased movement of trypto-
phan to occur, the diet must be kept both
low in protein and high in carbohydrates. In
rats, a diet with protein levels exceeding 18%
is sufficient to block the tryptophan effect
(Spring, 1986). The exact percentages for
dogs have not been determined but are as-
sumed to be very similar (Dodman et al.,
1996b). Unfortunately, these estimates have
not been confirmed through appropriate
physiological studies.

A common protein source in dog foods is
corn. Corn, however, is unusually low in
tryptophan and may represent some risk to
animals sensitive to serotonergic underactiv-
ity. Lytle and colleagues (1975), who studied
the effects of a restricted corn diet on pain
thresholds in rats, found that a diet restricted
to corn as the primary source of protein re-
sults in a significant reduction of plasma and
brain levels of tryptophan, with a subsequent

decrease in the production of brain serotonin.

Serotonin has an important analgesic effect
on pain. Animals fed a restricted corn diet
exhibit a lower threshold for pain (measured
by the magnitude of a flinch or jump re-
sponse to electric shock) than controls on a
balanced amino acid diet of casein. Test sub-
jects fed a tryptophan-rich diet or receiving
an injection of tryptophan soon recovered
from the hyperalgesic effect induced by the
corn diet.

The foregoing studies are suggestive for
the management of pain and aggressive be-
havior in dogs. Ballarini (1990) proposed
that dietary protein be routinely adjusted as
part of a comprehensive treatment program
involving aggression in dogs. A study carried
out by Dodman and coworkers (1996b)
showed a promising linkage between reduced
dietary protein and some forms of aggressive
behavior in dogs. Dogs exhibiting territorial

aggression with a strong component of fear-
fulness responded beneficially to a reduced
protein diet (17%), while territorial aggres-
sors of the dominant type showed no signifi-
cant change. The study, however, is not with-
out possible flaws, perhaps accounting for its
failure to show a stronger response than re-
ported. Three problematic areas stand out:
(1) protein levels were not kept sufficiently
low, (2) carbohydrate levels may not have
been high enough to induce an increased pas-
sage of tryptophan across the blood-brain
barrier, or (3) the dogs may not have been
exposed to the diet for a sufficient time. Be-
havioral effects from the diet were measured
only after a relatively short period (2 weeks),
so perhaps added benefits might be expected
from a longer-term exposure (6 to 8 weeks).
Also, Aronson has noted that, in addition to
the diet’s beneficial effect on fear-related terri-
torial aggression, it is “possible that a more
radical reduction in dietary protein levels
would produce a reduction of dominance
aggression and hyperactivity as well”
(1998:80).

An important area of basic research is ob-
viously wanting: a determination of the rela-
tive protein/carbohydrate proportions and
percentages needed to induce (or block) tryp-
tophan influx in dogs. Before any conclusions
can be drawn with regard to the effect of
low-protein diets on impulsive agonistic be-
havior in dogs, such questions will need to be
explored and answered in detail. Further-
more, no study to date has directly impli-
cated dietary tryptophan depletion in the
causation of canine aggression or hyperactiv-
ity, except by way of extrapolation from stud-
ies involving other animal species. Therefore,
another important area of future research is
determination of the effect of tryptophan de-
pletion and supplementation on canine be-
havior. In a prototype study conducted by
Chamberlain and colleagues (1987) in vervet
monkeys, the monkeys were fed an identical
diet except for the relative content of nutri-
tional tryptophan. Three groups of monkeys
were differentially fed diets containing nor-
mal tryptophan levels, high tryptophan lev-
els, and low tryptophan levels. Although little
benefit was seen with the provision of a
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higher percentage of tryptophan in the diet, a
strong correlation was observed in terms of
two parameters of aggression and the low-
tryptophan diet. Monkeys fed a relatively
low-tryptophan diet exhibited an increase of
competitive aggression over food (dominance
aggression) and spontaneous agonistic dis-
plays among themselves. The researchers also
found a significant link between tryptophan
depletion and an increase in general motor
activity. Interestingly, in both cases, the ob-
served behavioral effects of tryptophan deple-
tion were restricted to male monkeys.

The level of tryptophan in the blood
serum of assaultive alcoholics is at a lower
than normal ratio to other amino acids, sug-
gesting a possible connection between sero-
tonin depletion in the brain and the exhibi-
tion of impulsive aggression among
alcoholics. Morand and colleagues (1983)
performed a pilot study with human patients
to determine the effects of tryptophan on
chronically aggressive schizophrenics. The
study involved supplemental tryptophan at
dosages of 4 to 8 grams a day. There was an
approximately 30% reduction in the inci-
dence of aggressive behavior while the pa-
tients received the tryptophan supplementa-
tion, but the response of patients was
variable, with some becoming even more de-
pressed and disorganized. Christensen (1996)
wrote a critical review of the literature on the
relationship between diet and behavior, pro-
viding a concise and objective summary of
the current state of research in this important
area.

Arginine Vasopressin and Aggression

Vasopressin has received considerable experi-
mental attention, especially with respect to its
influence over scent marking, dominance be-
havior, and affective aggression. Also known
as antidiuretic hormone, vasopressin is a pep-
tide hormone that controls water retention
by the kidneys. In addition to this peripheral
role, the hormone also appears to play a cen-
tral neuromodulatory function over the ex-
pression of aggressive behavior. C. E Ferris
(University of Massachusetts Medical

School), who has studied the effects of argi-
nine vasopressin (AVP) in golden hamsters
for several years, found that the vasopressin-
ergic system in the hypothalamus mediates
the expression of several agonistic behavior
patterns: flank marking (an AVP-dependent
behavior), offensive aggression, and the for-
mation of dominant-subordinate relation-
ships (Ferris et al., 1986; Ferris and Potegal,
1988).

AVP receptors overlay androgen and estro-
gen receptors, suggesting that sex hormones
and AVP may interact in the expression of
aggressive behavior. In fact, the aggression-fa-
cilitating effect of AVP appears to depend on
the presence of testosterone. Delville and
coworkers (1996), for example, found that
the hamster’s behavioral response to microin-
jections of AVP varies depending on the pres-
ence or absence of testosterone. They showed
that latency of attack is reduced by AVP mi-
croinjections into the ventrolateral hypothala-
mus (VLH), but only if the subjects are pre-
treated with testosterone prior to injection.
Although AVP regulates the onset and la-
tency of aggression via the VLH, it does so
without concurrently affecting the behavior’s
strength or number of bites delivered—a di-
mension of attack behavior that appears to be
controlled by the selective activation of AVP
receptors in the anterior hypothalamus (AH).
This work suggests that the VLH and AH
play different functional roles in the expres-
sion of aggressive behavior.

The regulation of aggressive behavior is
more complicated than the interactions of
testosterone and AVP acting directly on the
hypothalamic vasopressinergic system. Be-
sides AVP and sex hormones, researchers have
discovered a robust interaction between AVP
and serotonin in the hypothalamus (Ferris
and Delville, 1994). Both the ventrolateral
hypothalamus and anterior hypothalamus ex-
hibit a high concentration of serotonin-bear-
ing axon terminals and binding sites. Inter-
estingly, fluoxetine (Prozac) injected
peripherally inhibits AVP-induced offensive
aggression and retards the onset of resident-
intruder attacks, with fewer bites occurring
during the attacks (Ferris and Delville, 1994;
Ferris et al., 1997). These studies suggest that
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serotonin directly modulates AVP neurons in
the hypothalamus, thereby antagonizing
AVP-system-facilitated aggression.

There are many potential implications of
this work for dogs. Unitil recently, progestins
were commonly used for the control of un-
wanted aggression and marking behavior.
The most frequently mentioned target site of
progestin action is the hypothalamus, perhaps
including the targeting and disruption of
AVP activity. An antivasopressinergic link
would appear logical, since progestins pro-
duce a diminution of both urine marking
and aggressive behavior in treated animals.
More recently, the veterinary use of fluoxe-
tine has become increasingly popular for the
control of unwanted behavior, especially
dominance-related aggression and various
compulsive disorders. Fluoxetine is rarely pre-
scribed for intraspecific or territory-related
aggression; given the findings of Ferris,
though, perhaps such a wider use might
prove very beneficial, especially in cases of re-
fractory dog fighting and territory-related ag-
gression. Lastly, serotonin-enhancing drugs
may play a beneficial role in the control of
household urine marking by dogs.

NEURAL SUBSTRATES OF MOTIVATION
(HYPOTHALAMUS)

Beginning with the pioneering work of Olds
and Milner (1954), many studies have shown
that direct stimulation of various parts of the
brain produces pleasurable feelings. Although
electrical stimulation of the anterior hypo-
thalamus evokes intense sexual excitement,
lesioning of the same site results in a loss of
sexual drive and interest. In addition to the
evocation of highly motivated and directed
behavior, such intracranial stimulation of the
anterior and lateral hypothalamus (especially
the MFB) results in a pronounced experience
of general pleasure and activation. Both areas
of the hypothalamus function as brain reward
sites. An interesting feature of hypothalami-
cally stimulated pleasure is that it is not asso-
ciated with actual consummatory satisfaction
but instead results in the augmentation of ap-
petitive need or desire for the reward object.
Consequently, the pleasure areas of the hypo-
thalamus appear to be more connected with

drive induction than drive reduction. Stimu-
lation of sites associated with hunger, thirst,
or sexual desire raises activity levels in the di-
rection of those basic needs but does not ap-
pear to evoke a corresponding sense of satis-
faction or satiety. It is interesting, also, that
such stimulation does not appear to produce
a sense of frustration or anger. On the con-
trary, the sensation of desire or appetite is im-
mensely rewarding for many animals. The
stimulation of neural sites associated with ap-
petence for food may be rewarding because it
simultaneously elicits cortical representations
or imaginings of pleasurable affects previously
associated with the satisfaction of hunger.
Observations from electrical self-stimula-
tion experiments provide general neurological
support for a deprivation theory of reinforce-
ment (Premack, 1965; Timberlake and Alli-
son, 1974). For any particular stimulus (or
response) to be rewarding, an animal must
feel a need or appetite for it. The hedonic di-
rection of any behavioral consequence (i.e.,
its reward or punitive value) depends on the
animal’s relative deprivation or approach/at-
traction toward the item or opportunity in
question. The drive or incentive to work for
food may be experienced by hungry dogs as a
conditionally rewarding state (drive induc-
tion), whereas the acquisition of the desired
item (under the motivation of hunger) is an
unconditionally rewarding event (drive re-
duction). Reinforcement, therefore, hinges on
two distinct but interdependent functions:
appetence and consummation. Without the
presence of both factors, the reward may not
be reinforcing. For example, food for a sated
dog may actually be aversive, just as an op-
portunity to play could be punitive if the dog
is overly tired or is sick. The hypothalamic
activation of hunger sites both propels dogs
into appropriate goal-directed behavior and
provides conditional, positive reinforcement
to the animals for doing so. Gray (1971,
1991) has postulated a behavioral activation
system (BAS) facilitating these functions of
brain-coordinated conditional reward or pun-
ishment. A feedback system appears to exist
in which the animal is systematically guided
toward stimuli promising satisfaction of a
particular drive versus the avoidance of stim-
uli promising dissatisfaction or having been
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associated with previous punishment. Gray
speaks about the role of hypothalamic reward
sites in this regard:

We suppose that stimuli which regularly pre-
cede the occurrence of a reward themselves ac-
quire the capacity to activate the reward mech-
anism; and that, the closer in time to the
innately rewarding stimulus they occur, the
stronger is this capacity. The reward mecha-
nism is so constructed that, via connections
with the animal’s “motor” system (i.e., those
parts of the brain which issue commands to
the limbs), it strives to maximize such condi-
tioned or “secondary” rewarding stimulation.
In this way, given a stable environment in
which sequences of stimuli recur with a degree
of regularity, it is able to guide the animal to-
wards the innately rewarding stimulus. We
could, in fact, liken the reward mechanism

to a homing or “approach” device of the

kind used by a guided missile to aim up a
heat gradient at the hottest spot around.
(1971:183)

Such a functional neural arrangement regu-
lated by the hypothalamus makes sense, con-
sidering the many moment-to-moment
homeostatic roles that it serves. Behavior di-
rected toward the acquisition of some biolog-
ically needed item or experience receives en-
dogenous conditional reinforcement from
reward sites associated with the needed item
until it is obtained and general homeostasis
secured. In carnivores, such a system of con-
ditional reinforcement is particularly appro-
priate, considering the often sustained effort

and arduous work required to locate and kill
prey. Without endogenous conditional rein-
forcement, the animal’s effort may wane or
be redirected toward easier or more immedi-
ately rewarding activities.

NEUROBIOLOGY OF AGGRESSION
(HYPOTHALAMUS)

Many studies have demonstrated that the hy-
pothalamus plays an important role in the ex-
pression of aggression. Two broad categories
of aggressive behavior have been observed in
the laboratory during intracranial stimula-
tion: (1) quiet attack (predatory behavior)
and (2) affective aggression (defensive and of-
fensive displays) (Fig. 3.7). Electrical stimula-
tion of the lateral hypothalamus results in the
evocation of various predatory displays, in-
cluding stalking, pouncing, and biting se-
quences. Quiet attack depends on the pres-
ence of a suitable prey object—that is, the
evoked sequence is directed and dependent
on a target. If an adequate target is not avail-
able, the stimulated animal may simply eat (if
food is present) or become aroused and en-
gage in searching or appetitive behavior in-
volving sniffing and pacing. A differentiating
feature of electrically stimulated predatory
behavior is its emotionally guiet character.
Quiet attack behavior occurs in the absence
of visible agitation or sympathetic activation.
Further, electrical stimulation of quiet attack
behavior appears to be a hedonically pleasur-
able experience. Animals will self-stimulate
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FIG. 3.7. Pathways mediating the expression of affective aggression and quiet attack (predatory aggression).
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themselves through electrodes inserted into
areas associated with quiet attack behavior
(Panksepp, 1971). The reward experienced
during stimulation of the lateral hypothala-
mus is similar to that seen during excitation
of sites associated with drinking and eating.
Essentially, quiet attack is an appetitive and
consummatory response analogous to food or
water seeking and ingestion.

Affective aggression is evoked by electri-
cally stimulating the ventromedial hypothala-
mus. Unlike quiet predatory attack, affective
aggression is a generalized response that may
be targeted at any available object moving
within the animal’s reach. It is a highly emo-
tional display associated with intense auto-
nomic activation. In contrast to the pleasur-
able experience of quiet attack stimulation,
intracranial stimulation of hypothalamic sites
associated with affective aggression elicits a
hedonically aversive experience that both cats
and rats (and probably dogs) respond to as a
punitive event. Research performed by
Adams and Flynn (1966) appears to support
this belief. They taught cats to jump on a
stool to escape shock applied to their tails.
After having obtained a vigorous escape re-
sponse, they differentially stimulated sites in
the lateral and medial hypothalamus and
then compared the results on the previously
trained escape response. Stimulation of the
medial area resulted in strong escape respond-
ing in the cats, whereas stimulation of the
lateral hypothalamus did not result in escape
efforts. This different response to lateral ver-
sus medial stimulation supports the view that
they are reward and punishment sites, respec-
tively.

The Adams and Flynn experiment indi-
cates that a linkage exists between affective
aggression and escape behavior. Apparently,
aggression is not only aversive to the animal,
but it is also closely associated with painful
stimulation and fear. Azrin and colleagues
(1967) demonstrated that a definite relation-
ship exists between aversive stimulation and
the evocation of escape or attack behavior.
Their findings show that escape is generally
prepotent over attack; if attack ends the
painful stimulation, however, it is easily con-
ditioned as an avoidance response. Further-

more, during extinction (i.e., the phase of
training where attack no longer served to
postpone or terminate the aversive event)
previously acquired attack behavior remained
highly persistent and vigorous—even though
it was consistently ineffective against the
aversive event. The observations by Adams
and Flynn are congruent with the prepotency
theory of escape proposed by Azrin and
coworkers. When sites typically associated
with attack were stimulated, the cats tested
readily emitted the learned escape response
rather than attacking.

These laboratory observations are signifi-
cant for understanding and controlling vari-
ous forms of canine aggression. Tortora
(1983) has developed a theory of aggressive
behavior in dogs that incorporates a theoreti-
cal viewpoint that is consistent with the find-
ings of Azrin and colleagues and the afore-
mentioned research. He has argued
convincingly that many common forms of
canine aggression directed toward human tar-
gets are motivated by avoidance dynamics
rather than an ethological causation like
dominance-related competition. Many ag-
gressive displays that are currently diagnosed
as dominance aggression are, according to
Tortora’s analysis, aimed at avoiding some
perceived aversive outcome rather than estab-
lishing or maintaining the offending dog’s so-
cial status. Dominant dogs may be more
prone to learn an active defensive coping
strategy during social conflict in order to
control (avoid or escape) aversive outcomes
than a more submissive counterpart, but the
underlying behavioral dynamics and motiva-
tions are not to enhance dominance status
but simply to terminate a perceived threat.
Within the framework of this model, subor-
dinate or submissive dogs are more likely to
react nonaggressively, that is, by freezing or
flecing—unless escape is prevented, where-
upon they may attack as a last resort. Sub-
missive dogs flee or freeze, not because of
their lower relative status or some controlling
deferential attitude, but rather because their
primary mode of avoidance is flight or freez-
ing. Both active and passive defensive modal-
ities are aimed at avoiding an aversive or
feared outcome.
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Consistent with Tortora’s viewpoint, Siegel
and Edinger (1981) have argued that affec-
tive aggression appears to be neurally orga-
nized around the general purpose of self-
preservation and survival. They have
speculated that even such functionally dis-
parate aggressive patterns as fighting, mater-
nal aggression, and territorial defense may all
be ultimately subsumed under the same gen-
eral category of hypothalamically affective at-
tack behavior. Evidently, stimulation of the
same brain site evokes different forms of ag-
gression, depending on the social and envi-
ronmental conditions existing at the time.

NEUROBIOLOGY OF FEAR

The study of fear has made tremendous
strides during the past decade. Several inter-
acting and self-regulating circuits in the brain
have been identified. The auditory-neural
pathways involved in classical fear condition-
ing have been mapped by LeDoux and his
coworkers at New York University (LeDoux,
1996). Since auditory fears (e.g., brontopho-
bia and other loud noises) are common
among dogs, it is appropriate to review these
important findings in detail.

Primary Neural Pathways Mediating the
Classical Conditioning of Fear

Although all sensory modalities are capable of
forming conditioned links with central fear
circuits, the pathways active during auditory
conditioning are the most fully known
(LeDoux, 1994). Auditory information
reaches the brain via relay nuclei located in
the brain stem and thalamus. Such informa-
tion follows two primary pathways: a slow
circuit visiting cortical destinations before
projecting into the amygdala, and a fast cir-
cuit directly terminating in the lateral amyg-
dala. Slow and fast circuits are both engaged
during fear conditioning, and each circuit is
capable of establishing conditioned fear inde-
pendently of the other. In the fast circuit, au-
ditory projections from the thalamus (medial
geniculate body) are received by the lateral
nucleus of the amygdala and relayed to the
central nucleus and other amygdaloidal areas,

chiefly the basal and accessory basal nuclei.
The aversive US appears to form direct links
to the lateral amygdala and indirect ones via
thalamic relays (Carlson, 1994). It is within
this general network that the auditory CS is
associatively linked with the fear-eliciting US.

Outputs from the central amygdala are
subsequently processed by other limbic and
cortical regulatory circuits. Efferent projec-
tions from the central nucleus terminate in
the hypothalamus, producing a variety of dis-
crete emotional and physiological expressions
of fear. The specific manifestation of fear ex-
hibited by an animal depends on the location
of arousal. Amygdala projections reaching the
central periaqueductal gray matter produce
freezing, outputs to the lateral hypothalamus
increase blood pressure, and connections
formed with the paraventricular hypo-
thalamus stimulate the release of stress
hormones.

In addition to direct thalamic input, the
amygdala also receives regulatory inputs from
limbic and cortical portions of the brain, es-
pecially the hippocampus. This additional in-
formation converges on the amygdala to pro-
duce rich emotional variety, meaning, and
subtlety. The combination of these various
neural influences on the amygdala modulates
and refines the dog’s ultimate emotional re-
sponse to stimulation. The organization of
emotional expressiveness and its adaptation
depends on the harmonious interplay and the
efficient regulatory functioning of these vari-
ous neural networks. Innate or acquired dys-
functions occurring in any one of these inter-
dependent pathways result in emotional and
behavioral disorder.

Habituating and Consistently
Responsive Neurons

Unlike conditioned stimuli that acquire their
fearful properties by being associated with
other startling or traumatic events, fears of
loud noises are biologically prepared. The
sound of fireworks or thunder, for example,
requires no associative conditioning in order
to elicit fear reactions in a sensitive and pre-
disposed animal (Menzies and Clarke, 1995).

Stimuli that evoke fearful reactions without
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conditioning appear to utilize hardwired
neural pathways that are responsive only to a
narrow range of stimulation and variability.

Recent research supports the hypothesis
that a limbic substrate elaborates persisting
unconditioned fear of loud noises. A series of
experiments carried out by Fabio Bordi (see
LeDoux, 1994) demonstrated that, within
the lateral nucleus of the amygdala, two dis-
tinct neurons can be isolated: habituating and
consistently responsive. By measuring activity
in these cell groups, he found that the habit-
uating cells eventually stop firing in response
to repeated low-intensity acoustic stimula-
tion. In contrast, however, consistently re-
sponsive cells are not subject to the effects of
gradual habituation. Further, he found that
only very loud noises activate consistently re-
sponsive cells. These cells invariably fire if
sufficiently intense stimulation is produced
by loud sounds.

It would seem reasonable to speculate that
consistently responsive neurons in the amyg-
dala mediate or play a significant role in the
elaboration of loud-noise-phobic and thun-
der-phobic responses in dogs. These effects
do not depend on learning but invariably re-
sult when a sufficiently intense uncondi-
tioned auditory stimulus is presented. A
neural mechanism of this type may help to
explain some of the difficulties associated
with the treatment of thunder-phobic dogs.
Because fearful responses to loud acoustic
stimulation are unlearned and unresponsive
to habituation, they would inherently resist
behavioral training efforts.

It has been frequently observed that thun-
der phobia worsens with age. Although a dog
may exhibit sensitivity to loud noises when
young, the initial reactions are more or less
under the animal’s control. As the dog ages,
and perhaps following a particularly intense
exposure, its ability to cope with its fear of
thunder may be compromised. This situation
is particularly evident in dogs exhibiting
chronic separation distress. These observa-
tions support the possibility that some neuro-
logical change may be occurring that com-
promises the dog’s ability to cope with fear
over time, although much more study in this
area is needed before any firm conclusions

can be drawn.

A possibility, though, of considerable in-
terest involves the breakdown of regulatory
control of the hippocampus. The hippocam-
pus performs a regulatory function over the
expression of fear. Under conditions of re-
peated or prolonged stress, the hippocampus
may undergo degenerative changes that alter
its ability to perform these functions. On the
other hand, the amygdala appears to function
more efficiently under stress. Over time with
the impairment of hippocampal regulation,
the strength of amygdaloidal outputs may be
increased, with the appearance of excessive
fear. Under conditions of fear, the hippocam-
pus undergoes further degeneration, with in-
creasing susceptibility to fear and the mani-
festation of increasingly exaggerated
expressions of it. Besides the influence of pos-
sible hippocampal damage due to stress,
strong evidence indicates that learning under
fearful conditions is especially persistent and
augmented by the facilitating presence of epi-
nephrine. The potentiated response to thun-
der or anticipatory conditioned stimuli (at-
mospheric changes, lightning, etc.) exhibited
by phobic dogs may be the combined accu-
mulated effects of enhanced fear learning and
stress. With these various effects in mind, it
would make sense to consider pharmacologi-
cal treatments that focus on the control or
amelioration of negative stress effects and ad-
ministering a medication capable of blocking
epinephrine activity during thunderstorms.

Many thunder fears have a clear link with
a specific event in a dog’s past (Hothersall
and Tuber, 1979), but many do not and in-
stead follow a more gradual and progressively
worsening course. Fears that have a specific
link with an event in a dog’s near past appear
to be more responsive to simple countercon-
ditioning efforts than fears developing over
years of exposure.

Extinction of Conditioned Fear

Once conditioned fears are learned, they are
encoded as relatively permanent emotional
memories. These so-called savings are not
subject to subsequent erasure through extinc-

tion (Kehoe and Macrae, 1997). Although
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extinction efforts (repeated presentations of
the CS without the US) can temporarily at-
tenuate the fearful CS, extinction is subject
to a number of well-known recovery effects
(Bouton and Swartzentruber, 1991). As
noted above, fear conditioning does not re-
quire the activation of cortical circuits, but in
order to extinguish fear a significant amount
of cortical involvement is required (LeDoux,
1994). The importance of higher neural
mechanisms for extinction is evident in the
failure of extinction to occur in animals suf-
fering cortical lesions. Although robust con-
ditioned fear responses can be obtained in
spite of extensive cortical damage, such le-
sions dampen or entirely eliminate the effects
of extinction. Extinction is a higher learning
regulatory process that attunes conditioned
fears to changing environmental conditions
and organismic needs.

Three significant aspects of fear condition-
ing and extinction have important implica-
tions for the treatment of behavior problems
involving fear:

1. Once fear is learned, it is probably per-
manent.

2. Although extinction and countercondi-
tioning efforts may ameliorate aversive affects
and reduce fearful responding, such training
efforts are subject to reversal and the rein-
statement of unwanted behavior.

3. Since the extinction of fear is subject to
recovery, behavioral training should include
efforts to enhance voluntary impulse control
over fear-related behavior.

Brain Areas Mediating Contextual
Learning and Memory

Previous learning and contextual cues serve to
modulate fearful behavior. A tiger safely con-
fined behind bars and glass in a zoo repre-
sents a significantly different stimulus in
terms of fear-eliciting potential than one
roaming free in public. Contextual cues serve
an occasion-setting function signaling those
times and places when the feared event is
likely to occur. For example, a dog that has
been previously attacked by another dog will

become progressively more vigilant and de-
fensive as it nears the place were the incident
occurred. These various contextual cues asso-
ciated with fear (and aggression) are orga-
nized by the hippocampus. Classical condi-
tioning of specific fears (CS-US) are
mediated by the amygdala, whereas fear asso-
ciated with the context or configuration of
stimuli present at the time of conditioning
are mediated by the hippocampus. Contex-
tual cues or configurations draw on informa-
tion that is encoded and stored as nonsensory
representations and relations.

Comparing the structural and functional
differences between classical conditioning and
contextual conditioning may help to explain
how some fears are rapidly extinguished and
others become persistent phobias. In the de-
veloping nervous system of mammals, the
prominent systems of learning and memory
mature at different rates and become func-
tional at different times. Stimulus-specific
fears mediated by the amygdala are operative
early in the animal’s life cycle, whereas con-
textually modulated fears are possible only af-
ter the hippocampus is functionally operative
sometime around weaning (Jacobs and
Nadel, 1985). This ontogenetic transition
may play an important role in the appearance
of the critical period for fear conditioning in
8- to 10-week-old puppies. Emotionally trau-
matic events occurring during this time can
produce long-lasting fears. The period may
be a vulnerable integrative phase articulating
emotional and contextual learning. At the
conclusion of this period, a puppy’s contex-
tual learning abilities and the various cortical
regulatory influences mediated by hippocam-
pus are ready for environmental exposure; in
fact, this chain of events appears to follow the
empirical evidence. As puppies near 10 or 12
weeks of age, they exhibit a more curious and
confident attitude about exploring the envi-
ronment extending beyond the immediate
nesting site, making more and more ambi-
tious excursions as they mature (Scott and
Fuller, 1965). Besides exhibiting an increased
interest in wider exploration of the environ-
ment, cortical articulation is evident in the
observation by Nott that “puppies of this age
gradually learn the relevance of their behav-
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iours and are able to determine which behav-
iours are appropriate to specific situations”
(1992:69).

The organization of learning and encod-
ing of memories depends on the maturation
of these different systems. The earliest fearful
associations learned are encoded as uncon-
scious or implicit memories. Although im-
plicit memories are consciously inaccessible,
they are not without widespread influence.
Implicit unconscious memories activate phys-
iological responses associated with fear. The
conscious identification of the eliciting
aversive stimulus and the context in which
it occurred requires the participation of
explicit memories formed by the hip-
pocampus and related cortical systems.
Explicit memories are the cold facts formed
about the surrounding circumstances of fear-
ful conditioning, whereas coordinated im-
plicit memories provide the emotional con-
tent (Fig. 3.8).

Implicit and explicit memories are elabo-
rated into conscious experiences through the
integrative mediation of the working mem-
ory. The working memory system is a com-
plex, short-term memory and neural organiz-
ing system of mental and sensory
information that is intimately connected with
conscious cognitive functions.

During fearful conditioning, both implicit
and explicit memories are formed and are
coupled together through the working mem-
ory so that they usually reach conscious at-
tention together—but not always. This is es-
pecially the case involving memories formed
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(DECLARATIVE)

Temporal Lobe

“Cold” Facts

Hippocampus

before the full maturation of the hippocam-
pus (or in cases where hippocampal function-
ing is disrupted). Typically, such early memo-
ries remain unconscious and inaccessible but
under appropriate environmental stimulation
are capable of evoking strong autonomous
emotional responses via the visceral brain and
body. Fear conditioning that occurs indepen-
dently of the contextualizing influence of the
hippocampus produces a number of charac-
teristics that correspond to symptoms ob-
served in phobias, especially a tendency to-
ward excessive generalization and context
independence. Although infantile fears are
forgotten, they may be reinstated under the
influence of stress. According to Jacobs and
Nadel (1985), stress-inducing environmental
conditions disrupt hippocampal contextual-
ization of memories while potentiating con-
text-free associations formed by the amyg-
dala. As is discussed below, stress plays a
prominent role in the learning and unlearn-
ing of fear.

AUTONOMIC NERVOUS SYSTEM—
MEDIATED CONCOMITANTS
OF FEAR

Several physiological changes occur with the
onset of fear. These reactions are mediated by
the hypothalamus through the autonomic
nervous system in conjunction with various
hormonal mechanisms. The overall picture is
one of emergency and preparedness to act in
the face of danger. Common physiological
concomitants of fear include pupillary dila-
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FIG. 3.8. Memory is functionally differentiated into explicit and implicit forms. Explicit and implicit memo-
ries depend on the operation of different areas of the brain. CR, conditioned response.
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tion (mydriasis), retinal vasodilation (result-
ing in a reddish glow of the eyes), piloerec-
tion (hair standing on end), hypoalgesia (loss
of sensitivity to pain), loss of appetite (both
food and water), hyperpnea (rapid panting),
alimentary irritability with diarrhea, increased
perspiration (seen on the pads of the dog’s
feet), tachycardia (faster heart rate) with
harder contractions, and reflex potentiation
(stronger startle and withdrawal reflex ac-
tions). An important concomitant of sympa-
thetic arousal is direct stimulation of the
medulla and the secretion of epinephrine
(adrenaline). Epinephrine stimulates and aug-
ments sympathetic processes and enhances an
animal’s ability to flee or fight. Under the in-
fluence of intense fear, a dog may urinate, re-
lease the anal glands, or defecate. Chronic
anxiety may result in polyuria and irregular
urination patterns. Lastly, appetitive behavior
like eating and drinking is suppressed by fear.

Fear and Biological Stress

Fear is closely linked with biological stress.
Stress occurs when any demand is placed
upon a dog that requires the dog to change
or adjust. Although stress is most commonly
associated with hedonistically aversive de-
mands, it is not necessary that the stressor be
aversive. Any biological or psychological de-
mand, regardless of its hedonistic valence,
can result in stress (Selye, 1976). Whereas
healthy stress is an everyday occurrence,
pathological stress is associated with disease
activity or psychological trauma. Chronic fear
and anxiety may lead to stress-related disease,
including atrophy of lymphatic glands, im-
munosuppression, and gastric ulcers. In addi-
tion, stress associated with chronic fear may
undermine the brain’s ability to cope ade-
quately with fear by causing various degener-
ative effects, especially involving the hip-
pocampus and its restraining influences over
the hypothalamus.

The stress response is mediated by a com-
plex loop of interconnected neural and hor-
monal mechanisms. During fearful stimula-
tion, sensory information relayed by the
thalamus prompts the amygdala to instruct
the periventricular hypothalamus to secrete

CRE Subsequently, CRF stimulates the ante-
rior pituitary gland to release ACTH into the
bloodstream. ACTH is a hormone that acts
specifically on the cortex of the adrenal
glands, triggering the release of a variety of
adrenal steroids. Once in the bloodstream,
these hormones excite the emergency activa-
tion of a dog’s bodily defenses.

Among the steroidal hormones secreted by
the adrenal glands is a group known as the
corticoids, which include both inflammatory
(aldosterones) and anti-inflammatory hor-
mones (cortisol). In addition to its anti-in-
flammatory effects, cortisol also serves to
calm fearful dogs while preparing them for
action. Human subjects undergoing corticos-
teroid therapy report feeling an increased
sense of well-being. It is likely that dogs expe-
rience a similar benefit. Urinary cortisol levels
and other stress indicators (e.g., the presence
of high levels of catecholamines) might well
prove to be a valuable test for the detection
of physiological changes associated with
chronic anxiety. Beerda and coworkers (1996)
compared urinary and salivary cortisol mea-
sures with the more invasive blood plasma
measures. Both urinary and salivary samples
provide equally valid measures of stress-in-
duced cortisol activity in dogs. The re-
searchers suggest that salivary cortisol mea-
sures may be particularly useful in
quantifying acute stress reactions.

Neural Stress Management System
and Fear Learning

The hypothalamic-pituitary-adrenal (HPA)
axis is regulated by a biochemical negative-
feedback loop controlled by cortisol levels
dispersed in the bloodstream. High levels of
circulating cortisol suppress ACTH via the
suppression of hypothalamic CRF secretion.
In addition, hypothalamic CRF production is
modulated by the combined and opposing
stimulatory influences of the hippocampus
and amygdala. In the presence of a fear-
eliciting stimulus/situation, the amygdala in-
structs the hypothalamus to secrete more
CRE, whereas the hippocampus instructs the
hypothalamus to slow down production of
CRE These excitatory and inhibitory control
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mechanisms provided by the amygdala and
hippocampus serve to match and tune an an-
imal’s physiological response to the actual cir-
cumstances of relative danger/safety present
in the environment (Fig. 3.9).

Under conditions of intense fearful
arousal, strong associative memories are en-
coded, often causing lasting emotional distur-
bances that fail to dissipate over time. The
hormone epinephrine appears to play a sig-
nificant role in the formation of traumatic
memories. The urine of humans suffering
traumatic experiences (post-traumatic stress
disorder) contains elevated amounts of cate-
cholamines (epinephrine and NE), possibly
providing a peripheral measure and diagnos-
tic criterion of trauma-induced stress (Kosten

et al., 1987). In animals, retention of avoid-
ance learning and aversive emotional memo-
ries is mediated by epinephrine and disrupted
by epinephrine blockade (McGaugh, 1990).
Rats, for example, given a post-training dose
of epinephrine retain more about the training
situation than untreated controls. McGaugh
speculates that the mechanism mediating this
facilitatory effect involves peripheral epineph-
rine (epinephrine is blocked at the blood-
brain barrier) triggering opioid disinhibition
of NE activity occurring in the amygdala. In-
terestingly, extinction occurring under re-
sponse prevention contingencies is also facili-
tated by the administration of stress
hormones (ACTH and epinephrine) shortly
before carrying out response-blocked presen-
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FIG. 3.9. Diagram showing the primary stress circuits. Note the bimodal modulatory effects of cortisol on the
amygdala and hippocampus. In the amygdala, cortisol stimulates the transmission of signals to the hypothala-
mus that cause it to release corticotropin-releasing factor (CRF), whereas, in the hippocampus, cortisol exercises
an inhibitory influence over the secretion of CRE In sum, these influences regulate (augment or restrain) the
activation of the physiological response to stress via CRF-mediated adrenocorticotrophic hormone (ACTH) re-

lease by the pituitary gland. After LeDoux, (1996).
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tations of the aversive CS (Richardson et al.,
1988). Riccio and Spear suggest that the hor-
monal enhancement of extinction is attribut-
able to the reenactment of a more complete
internal representation of the original fear oc-
curring when the aversive CS is presented
without the US:

Further investigation is needed, but this find-
ing is provocative in suggesting that, in addi-
tion to cognitive information about contingen-
cies, elicitation of an affective response may
contribute importantly to the elimination of
fear-motivated behavior. (1991:232)

An opposite effect on learning appears to
occur in the presence of endogenous opioids
and narcotics (McGaugh, 1990). Opiates
exert a strong inhibitory influence over
noradrenergic neurons—an effect that is
blocked by the administration of opioid an-
tagonists (e.g., naloxone). NE-producing
neurons projecting to the amygdala appear to
play an important role in the retention of
aversive associative learning. When narcotics
are administered after aversive training, they
interfere with the retention of fear condition-
ing. Also, increased opioid activity in the
amygdala reverses the facilitatory effect of ep-
inephrine on memory.

The memory-enhancing effect of epineph-
rine is dose dependent, with high doses stim-
ulating the memory-blocking activity of the
opioid system. These observations suggest
that the brain may actually have a built-in
memory modulating or “erasing” mechanism
associated with particularly aversive traumatic
events. During times of intense sympathetic
arousal when large amounts of epinephrine
are secreted, stressful memories may be dis-
rupted or prevented from forming. These
findings are highly suggestive with regard to
the persistence of some conditioned stimuli
to extinction. Fanselow (1991) notes that
aversive conditioning results in conditioned
stimuli capable of evoking endogenous opi-
oid production. Consequently, the presenta-
tion of the aversive CS in the absence of the
US may impede extinction of the CS by elic-
iting the simultaneous release of beta-endor-
phins, thereby physiologically obstructing the

reenactment or representation of the original
fear-conditioning situation.

In general, though, emotionally significant
events are better remembered than nonemo-
tional ones. An interesting implication of
these findings is the possible beneficial effects
of blocking adrenergic activity shortly after
the occurrence of traumatic events. LeDoux
(1996) has suggested that the administration
of an epinephrine-blocking agent may serve
as a prophylaxis against the development of
lasting fears, negative memories, and the
elaboration of emotional disorders following
a traumatic experience. Since, as already
noted, the brain opioid system appears to in-
terfere with memory formation and reten-
tion, it may not be such a bad idea after all
to take a good stiff drink following a particu-
larly traumatic event. A potential implication
of these findings for dogs is that increased
opioid activity might reduce learned social
fears following agonistic encounters, perhaps
facilitating subsequent reconciliation between
combatants, as well. Evidence from rodent
studies suggests that strong opioid activity
does occur following defeat. Miczek (1983)
found that mice confronted with inescapable
defeat experience a “large, lasting pain sup-
pression” that appears to be mediated by en-
dogenous opioid activity. Endorphins have
also been shown to reduce affective aggres-
sion. If a similar phenomenon is present in
dogs, this may have potential value in under-
standing some important aspects of dog so-
cial behavior. The emotions associated with
submission are clearly of a different origin
and quality than those associated with fear
and avoidance, the former of which may in-
clude some element of fear but, in addition,
is well buffered with very strong affiliative
overtones. Submissive dogs do not avoid
dominant opponents but accept defeat and
adopt a subordinate role without an appear-
ance of lasting fear. The possible facilitatory
social function of opioids following defeat is
consistent with the proposed general role of
endogenous opioids in the formation and
maintenance of social attachment and bond-
ing among dogs (Panksepp, 1988; Hoffman,
1996).
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Stress-related Influences on
Cortical Functions

The disruptive influences of stress extend be-
yond the limbic feedback loops and the HPA
system. In addition to the impact of stress on
subcortical and physiological mechanisms,
acute and persistent stress can generate pro-
nounced dysregulatory effects over higher
cortical activities as well. As already dis-
cussed, the prefrontal area serves many vital
integrative and executive functions, which in-
clude impulse control and the coordinated
regulation of behavioral systems needed to
meet the various internal and external de-
mands placed on the animal to adjust. The
provision of a flexible adaptational interface
between the organism and the environment
appears to be a prominent function of the
prefrontal cortex. This prefrontal function is
mediated by learning and the exertion of in-
hibitory and modulatory influences over sub-
cortical processes. Under the adverse condi-
tions of excessive stress, however, subcortical
activities are amplified while, at the same
time, corresponding cortical regulatory func-
tions may be temporarily disrupted. In par-
ticular, acute stress has a robust excitatory ef-
fect on the amygdala, which, in turn,
coordinates the expression of numerous
preparatory systems that mobilize an organ-
ism for impending emergency action. During
such stressful activation, increased levels of
NE and dopamine are released in the pre-
frontal cortex. Although increased cate-
cholamine activity appears to have a facilita-
tory effect on subcortical processes, the
release of these neurotransmitters in the pre-
frontal area has an opposite effect, causing it
temporarily to suspend its efficient function-
ing. Instead of enhancing prefrontal func-
tions, as it does in the amygdala, increased
dopamine (especially involving D, receptors)
tends to suspend or disrupt cortical restraint
over subcortical activity (Arnsten, 1998). As a
result, the benefits of previous learning, im-
pulse control, and social inhibition may be
momentarily compromised or turned off,
with control taken over by species-typical of-
fensive and defensive action patterns. Under
the influence of stress, the behavioral thresh-
olds for these innate patterns are lowered

while, simultaneously, their expression is am-
plified by limbic pathways enhanced by in-
creased catecholamine and CRF activity.
These changes point to several significant
effects of stress on the behavior of dogs. Fore-
most is the possibility that stress-mediated ac-
tivation of the nervous system may disrupt
normal cortical control over the expression of
undesirable behavior associated with fear and
anger. The foregoing findings underscore the
importance of canine husbandry and man-
agement efforts that strive to reduce stressful
influences in a dog’s environment. Unfortu-
nately, stress is a fairly ubiquitous phenome-
non in the life of most dogs. Among the
most common sources of adverse stress are
excessive confinement, insufficient exercise
and attention, sensory distress (e.g., exposure
to loud noises), separation distress, poorly
predicted and uncontrollable training events
(especially excessive punishment), and frus-
tration. The loss of predictability and control
over significant aversive and appetitive events
results in increased anxious arousal and frus-
trative persistence—both sources of stress as-
sociated with the development of many be-
havior problems. Although the connection
between anxiety and the physiological mobi-
lization of stress is well known and recog-
nized, frustration is also an important source
of stress (Coover et al., 1971). The combined
influence of such behavioral sources of stress
on the elaboration of behavioral dysfunction
and disorganization are discussed at length in
Chapter 9, which is dedicated to the influence
of adverse learning conditions on behavior.

Exercise and the Neuroeconomy of Stress

Counteracting the effects of stress depends
on a twofold process of altering the environ-
ment and providing training and socialization
activities that are both highly predictable and
controllable. Another common recommenda-
tion used to counteract the adverse effects of
stress is exercise. The experimental study of
exercise indicates that it exerts a considerable,
and potentially therapeutic, influence on the
physiology of dogs. For example, Radosevich
and colleagues (1989) demonstrated that
moderate exercise produces pervasive modu-
latory effects on both peripheral and central
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endocrine activity in dogs. In addition to the
release of various HPA system hormones
(beta-endorphins, ACTH, and cortisol), exer-
cise also increases the production of NE. Sur-
prisingly, under conditions of low-intensity
exercise (running a treadmill at 4.2
miles/hour on a 6% incline for 90 minutes),
a coordinated and commensurate increase of
beta-endorphins and ACTH was observed;
whereas, in the case of high-intensity exercise
(4.2 miles/hour on a 20% incline for 90
minutes), the expected trajectory of increased
production of these substances did not pro-
ceed linearly—that is, the release of beta-en-
dorphins and ACTH is dose dependent on the
amount of exercise received. Also, the cere-
brospinal fluid (CSF) of exercised dogs con-
tains greater amounts of NE.

Many studies with animals (especially ro-
dents) have shown that neurotransmitter ac-
tivity is influenced by exercise (Meeusen and
DeMeirleir, 1995). Although acute and
forced treadmill exercise appears to deplete
NE stores in the brain (as observed in learned
helplessness) and is physiologically stressful
for animals, chronic exercise appears to en-
hance noradrenergic activity and increases the
amount of NE stored in several parts of the
brain. Besides enhancing noradrenergic activ-
ity, exercise was also found to increase sero-
tonin levels in the central amygdala
(Chaouloff, 1997). These combined influ-
ences are believed to be responsible for some
of the beneficial mood effects associated with
exercise.

The finding that exercise enhances sero-
tonergic activity is of considerable impor-
tance with respect to the use of exercise for
the management of stress-related behavior
problems. Within the brain’s neuroeconomy,
serotonin plays an important modulatory role
over stress and the control of undesirable im-
pulsive behavior. Promising evidence in sup-
port of a functional link between serotonin
production and exercise has been reported by
Dey and his associates (1992), who demon-
strated a significant alteration of central sero-
tonergic activity in rats exposed to chronic
exercise. Daily exercise was found to generate
pronounced and sustained enhancement of
serotonin metabolism in various areas of the
brain, including the cerebral cortex. The au-

thors suggest that the cortex is the most likely
neural site mediating the beneficial effects of
exercise over depression. They refer to other
research with rodents that has shown that ex-
perimentally induced depression produces a
decreased level of serotonin in the frontal
area. Signs of depression in these animals
were reversed by administering microinjec-
tions of serotonin into the frontal cortex,
whereas similar microinjections of NE,
dopamine, and gamma-aminobutyric acid
failed to alleviate depression similarly. Inter-
estingly, Dey (1994) found that long-term
exercise (4 weeks) had a pronounced immu-
nizing effect on rats exposed to stress-induced
depression. Chronic exercise prevented the
signs of behavioral depression and generated
a “remarkable enhancement” of 5-HT, recep-
tor subtype responsiveness. In general, the re-
sponse of serotonin receptor subtypes to exer-
cise was very similar to the effects produced
by tricyclic antidepressants. A similar effect
has been reported by Chaouloff (1997) with
respect to NE. He found that exposure to
chronic and free-choice wheel running has an
immunizing effect against NE depletion re-
sulting from uncontrollable and inescapable
foot shock.

The aforementioned studies support the
hypothesis that exercise, especially daily and
long-term exercise, has potentially beneficial
effects on the neuroeconomy of the dog.
Many dog-behavior consultants and trainers
have long recommended exercise for the ame-
lioration of a wide variety of behavior prob-
lems. Although the research is far from con-
clusive, the beneficial influence of exercise in
combination with appropriate behavioral
(e.g., basic training and behavior modifica-
tion) and environmental interventions is a
sensible approach to the management of
stress-related behavior problems.

NEUROBIOLOGY OF COMPULSIVE
BEHAVIOR AND STEREOTYPIES

Emotional conflict and stress are considered
to be significant etiological factors underlying
the development of compulsive behavior dis-
orders (CBDs). In addition, there is growing
evidence linking CBDs with various neuro-
logical sources of causation. Wise and
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Rapoport (1989) have argued that basal gan-
glia dysfunction underlies obsessive-compul-
sive disorder (OCD) in humans, reporting
various historical and contemporary sources
of evidence implicating its functional role.
They evaluate two functions of the basal gan-
glia in support of their hypothesis: (1) the
basal ganglia may be “repository for innate
motor programs” (fixed action patterns), and
(2) the basal ganglia performs a gating func-
tion over various sensory inputs (releasers). In
addition, some sophisticated experimental
work with OCD has identified a basal gan-
glia connection. For example, microinjections
of amphetamine into the ventrolateral stria-
tum results in compulsive forepaw licking in
rats. The injection of a dopamine antagonist
reverses the oral stereotypy (Stein et al.,
1992). Luxenberg and colleagues (1988) dis-
covered through x-ray computed tomography
(CT) that the caudate nuclei of persons ex-
hibiting OCD are bilaterally smaller than in
persons not exhibiting the disorder. Another
neuroimaging study implicating caudate in-
volvement was performed by Baxter and
coworkers (1987). Through positron emis-
sion tomography (PET), the researchers
found that the caudate nuclei of OCD pa-
tients exhibits a higher glucose metabolic rate
than that of controls. Lastly, horses chal-
lenged with apomorphine (a dopamine recep-
tor stimulant) exhibit increased oral activity
and compulsive licking and other oral stereo-
typies—symptoms that worsen with increas-
ing apomorphine dosages (Fraser, 1985).
Also, tight-circling behavior is induced in rats
as the result of intracranial (striatal) microin-
jections of apomorphine (Koshikawa, 1994).
These various studies suggest dopamine path-
ways play a mediational role in the elabora-
tion of compulsive behavior and stereotypies.
In addition to the neural sites just dis-
cussed, an endogenous opioid mechanism has
been suggested to play a role in the etiology
and maintenance of certain CBDs. Both
ALD in dogs (Dodman et al., 1988; White,
1990) and cribbing in horses (Dodman et al.,
1987) are influenced by endogenous opioid
activity. In these studies, a narcotic antagonist
was dispensed to the affected animals. The
drugs (naltrexone and nalmefene) effectively
impede endogenous opioid activity by

blockading opioid receptor sites. Evidently,
some opioid mechanism underlies licking
and cribbing, since both oral stereotypies
were significantly reduced under the influence
of the medication. Although significant bene-
fits were observed in both dogs and horses,
the decrement of compulsive behavior is drug
dependent, with symptoms recurring soon af-
ter the narcotic antagonist was withdrawn.

As a word of caution, note that the en-
dogenous opioid mechanisms involved in
compulsive behavior are not fully under-
stood. Although a connection has been estab-
lished between compulsive behavior and opi-
oid activity, it has not been determined how
endorphins are related to compulsive behav-
ior and vice versa—that is, it is not clear
whether endorphin activity is causal or conse-
quential to compulsive behavior. A couple of
important questions need to be settled with
regard to the role of endorphins in ALD and
tail chasing: (1) does increased central endor-
phin activity precipitate (or facilitate) com-
pulsive activity, or (2) is compulsive licking
or tail chasing more primary in the chain of
events—that is does self-stimulation in re-
sponse to stress produce greater endorphin
activity, thereby representing a kind of self-
medication for a stressed or bored dog,.

Additional support for a neurological cau-
sation is provided by the palliative effects of
tricyclic antidepressants like clomipramine
(Anafranil) and SSRIs, such as fluoxetine
(Prozac), in its management. The efficacy of
SSRIs implicates a serotonergic pathway, per-
haps regulating a dopaminergic system at
some level of organization. A report by
Brown (1987) noted the reduction of fly-
catching episodes and associated hyperactivity
in a dog placed on a low-protein diet. The
author concluded that the beneficial effect of
diet change was due to a dietary allergy.
However, another possibility underlying this
improvement is a serotonergic connection via
enhanced tryptophan transport through the
blood-brain barrier (Ballarini, 1990). Evi-
dence of direct serotonergic involvement has
also been discussed in the literature. For in-
stance, Jacobs and colleagues (1990) noted
that a serotonergic subsystem within the dor-
sal raphe in cats is stimulated during licking
and self-grooming. It is not known, however,
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whether the increment of neural activity is
due to the action of oral movements or sen-
sory feedback caused by such movement.
Rapoport and colleagues (1992) extrapolated
from these findings to the possibility that a
dysfunction may exist in a similar system in
some dogs suffering with licking disorders
like ALD.

Other neural substrates have been impli-
cated in the etiology and control of compul-
sive disorders. Uhde and coworkers (1992)
reported, in passing, some alleged success in
controlling ALD with growth hormone sup-
plementation. Crowell-Davis and colleagues
(1989) reported a case involving various
compulsive symptoms, including hyperactiv-
ity, self-licking, and fly catching. The dog was
observed to be especially symptomatic when
in the presence of its owner. When isolated,
most of the dog’s compulsive behaviors
abated, suggesting an attention-seeking or
anxious-arousal mechanism of some sort at
work. Despite such indications, the clinicians
discovered that the dog exhibited EEG pat-
terns that were consistent with epilepsy. Sub-
sequent treatment with phenobarbital proved
effective in controlling the dog’s behavioral
symptoms.

The HPA system has been implicated in
the expression of compulsive behavior. Grow-
ing evidence suggests that a significant role is
played by ACTH in the release and mainte-
nance of compulsive ritualization (Swedo,
1989). ACTH is released under various cir-
cumstances of increased autonomic arousal
and stress, including conflict and exposure to
novelty. Rats injected intracranially with
ACTH exhibit increased self-grooming be-
havior. Following intraventricular injection of
ACTH (lateral ventricle), rats spent as much
as 90% of their time over an hour engaged in
self-grooming activity. ACTH-induced
grooming is topographically similar to
grooming exhibited by rats under conditions
of novelty and conflict. It has been found
that ACTH-induced grooming can be re-
duced with opioid antagonists (naloxone and
naltrexone) and enhanced with low doses of
morphine. Both ACTH and beta-endorphins
are produced in the pituitary as part of a gen-
eralized response to stress. The subsequent re-
lease of peripheral cortisol by the adrenal cor-

tex appears to play a regulatory role over the
production of both beta-endorphins and
ACTH, thus limiting the extent of their acti-
vation via a negative-feedback loop. Cortisol
may also influence noradrenergic neurons, as
well as provide a regulatory function over the
blood-brain barrier. One can speculate on
how this might impact on the transport of
nutritional precursors like tryptophan and,
indirectly, on how the serotonergic system
may be secondarily affected by the cortisol-
regulated mechanisms mobilized by

stress.

NEUROBIOLOGY OF ATTACHMENT
AND SEPARATION DISTRESS

MacLean (1985) has proposed that the
neural substrates mediating separation dis-
tress, maternal care, and play belong to the
same paleomammalian portion of the limbic
system. According to his theory, these social
behavior tendencies are all elaborated within
the cingulate cortex and related neural struc-
tures. He has argued that the “separation call”
or distress vocalization is the mammal’s “earli-
est and most basic” vocalization pattern.
More primitive forms of animal life (e.g.,
reptiles)—lacking a cingulate cortex—do not
display evidence of maternal care, separation-
distress vocalization, or play. Socially directed
vocalization patterns may have originally
evolved to maintain close contact between
the mammalian mother and her immature
offspring. In addition to maternal caregiving
and separation distress, play between con-
specifics also appeared with the evolution of
mammals, perhaps serving to facilitate social
harmony among litter mates.

Panksepp (1982) also views distress vocal-
ization as stemming from a primal mam-
malian emotional system but more specifi-
cally originating in those areas of the brain
that mediate panic and explosive behavior. In
addition to the cingulate gyrus, other brain
sites that contain dense concentrations of
opioid receptors are implicated in the organi-
zation of attachment and separation distress.
These areas include the amygdala, dorsome-
dial thalamus, hypothalamus, and the central
gray area:
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It is proposed that sites from which distress vo-
calizations and explosive agitated behavior can
be elicited represent the approximate trajecto-
ries of panic circuitry, the major adaptive func-
tion of which is to sustain social cohesion
among organisms whose survival depends on
reciprocity of care-soliciting and care-giving

behaviors. (Panksepp, 1982:414)

These various areas of the brain and intercon-
necting circuits are stimulated by the differ-
ential presence or absence of pertinent social
stimuli evoking or allaying social distress and
panic.

Limbic Opioid Circuitry and the
Mediation of Social Comfort and
Distress

Both MacLean and Panksepp have noted the
existence of a highly concentrated pattern of
opiate receptors in the neural circuits believed
to mediate social comfort, separation-distress
reactions, and various other relevant emo-
tional responses. Panksepp’s lab has per-
formed numerous studies demonstrating a di-
rect linkage between brain opioid activity and
the elaboration of separation distress, contact
comfort, and play (Panksepp et al., 1984).
After many years of study investigating im-
printing and isolation-induced distress in
ducklings, Hoffman (1996) has concluded,
along with Panksepp, that social attachment
and bonding is probably mediated by opioid
receptors activated in the presence of ade-
quate social stimuli. Social bonding and sepa-
ration distress also appear to be closely re-
lated to opioid activity in monkeys. Keverne
and associates (1989) at Cambridge Univer-
sity measured significant elevations of beta-
endorphins in the cerebral spinal fluid of Ta-
lapoin monkeys upon being reunited with
conspecifics after a period of isolation. In ad-
dition, they have found that social grooming
among paired monkeys is probably mediated
by an endogenous opioid mechanism. Mon-
keys exposed to naloxone blockade engaged
in more grooming interactions, whereas low
doses of morphine reduced such affiliative ex-
changes. A similar differentiating effect is ob-
served among rhesus monkeys, where cooing
(a primate separation-distress vocalization) is
decreased by the administration of morphine

and increased by naloxone (Kalin and Shel-
ton, 1989).

Panksepp and colleagues (1980, 1988)
found that low doses of morphine signifi-
cantly reduce separation-distress vocalizations
by puppies, guinea pigs, and chicks. In addi-
tion, the researchers demonstrated that so-
cially deprived kennel dogs become more so-
cially responsive and obedient after being
administered low doses of morphine and
more uncontrollable when given naloxone
(Panksepp et al., 1983). Knowles and
coworkers (1987) observed that well-social-
ized adolescent dogs (6 to 8 months old) ex-
hibit increased care-seeking behavior (tail
wagging and social contact) under the influ-
ence of naloxone, whereas morphine reduces
such social behavior. It should be noted that
initial efforts to demonstrate a relationship
between naloxone and separation-distress vo-
calization in puppies failed. Although these
early efforts failed to show a relationship be-
tween naloxone blockade and separation-dis-
tress vocalization, the researchers did find a
significant relationship between naloxone and
other canine social behavior patterns, includ-
ing separation distress, when an intermittent
operant element was involved:

Recently we have measured other care-solicit-
ing behaviors in the dog, and we find that
naloxone can facilitate tail-wagging and face-
licking. Also, we have recently observed that
naloxone facilitates vocalizations in dogs when
there is the possibility of a clear operant com-
ponent. For instance, in several litters of pup-
pies being tested for social motivation, we have
observed naloxone-treated animals to vocalize
more frequently when they are intermittently
prevented from making social contacts. Ac-
cordingly, our failure to see a clear facilitation
of DVs [distress vocalizations] in puppies fol-
lowing naloxone in a simple separation situa-
tion does not constitute a negation of the hy-
pothesis that opioid-blockade should increase
care-soliciting behaviors. (Panksepp et al.,

1980:476)

Additional evidence for an opioid mecha-
nism mediating social emotion and attach-
ment has been reported in rodents by D’Am-
ato and Pavone (1993), who measured
differences in pain thresholds between mice
paired with siblings versus controls paired
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with unrelated mice of a similar age. Follow-
ing 2 months of separation, reunited sibling
mice exhibited a significantly higher pain
threshold than controls. The full expression
of the analgesic effect following the reunion
of siblings took approximately 2 hours. The
researchers found that the effect was blocked
with the administration of naloxone, con-
firming the involvement of an opioid mecha-
nism.

Not surprisingly, separation distress and
panic manifest themselves behaviorally like
symptoms of withdrawal from narcotics.

Hippocampal and Higher
Cortical Influences

In addition to the aforementioned subcortical
circuits, cortical systems are probably also in-
volved in the regulation of separation distress,
enabling dogs to cope with separation with-
out experiencing excessive worry or panic.
The amount of separation distress expressed
by a dog appears to depend on the additive
effects of social loss together with the relative
novelty of the situation (time and place of
separation) in which isolation occurs. For ex-
ample, many adult dogs exhibit their first
dramatic episodes of separation distress (ex-
cessive barking or howling, destructive chew-
ing, or elimination problems) only after the
family moves into a new home. Other dogs
will remain relatively quiescent as long as
they are confined in a familiar part of the
house and the owner keeps a regular sched-
ule. However, if they are confined in an
unsocialized area (e.g., the basement or
garage) or if the owner leaves early or returns
late, they may become overly anxious and
panic. The most intense separation-distress
reactions appear to occur when a dog is left
alone in an unfamiliar place. This general ob-
servation has been experimentally demon-
strated with puppies by J. P Scott and his as-
sociates (1973).

The central issue being raised here is
whether two converging neural circuits (sub-
cortical and cortical) might contribute modu-
latory influences over separation distress.
Specifically, the hypothesis being advanced is

whether two complementary circuits are in-

volved: a circuit that is responsive to the loss
of socially significant stimuli, and a second
one that is activated by contextual considera-
tions like location (familiar/unfamiliar) and
schedule (predictable/unpredictable). An
analogous situation occurs in the classical
conditioning of fear. During the conditioning
of fear involving an acoustic CS, the auditory
signal (e.g., tone) generated in the ear is di-
rected via thalamic auditory relays to the
amygdala, where it is associated with the fear-
eliciting US (e.g., shock). The fearful associa-
tion between the tone and shock is thereby
learned and permanently stored as an emo-
tional memory connecting the CS with the
US. However, the animal must also learn in
what contexts the fear-eliciting CS is really
threatening. Such contextual learning de-
pends on the additional involvement of a
complex hippocampal-cortical circuit, which
results in the production of consciously ac-
cessible memories defining the exact situa-
tions (time and place) in which the CS pre-
dicts an actual threat (LeDoux, 1994). Under
conditions of chronic stress, these various
contextualizing functions of the hippocampus
may be disrupted. A great deal of evidence
suggests that excessive and chronic stress pro-
duces degenerative effects on hippocampal
regulatory functions (McEwen, 1992). On
the other hand, as noted above, these same
conditions of stress appear to augment amyg-
daloidal functions, potentiating emotional
learning and responsivity associated with con-
ditioned fear. In the case of separation-
distressed dogs, it would seem reasonable to
suppose that hippocampal functions may also
undergo a similar progressive deterioration as
the result of chronic stress associated with the
disorder. The neural degenerative effects of
stress may help to explain why separation-
reactive dogs fail to adjust to the effects of
chronic separation distress. It may also pro-
vide a possible clue for the higher incidence
of other fears and phobias (especially fear of
thunder) presenting with separation anxiety.
In the case of separation distress, trau-
matic experiences associated with the loss of
significant social stimuli may be stored as in-
accessible emotional memories (manifesting
as a persistent and unmodifiable dread of be-
ing alone). Along similar lines of contextual



118 CHAPTER THREE

learning in the case of fear, the context or sit-
uation in which separation occurs may also
serve to modulate significantly the amount of
anguish and distress expressed via consciously
accessible memories of past experiences with
separation and the participation of higher
cortical coping mechanisms and control.
Context may be defined here in terms of
both spatial as well as temporal parameters,
that is, referring to the place where the dog is
confined, as well as the owner’s schedule of
departures and returns. In general, one might
predict that as contextual familiarity and reg-
ularity (place and schedule) increase, the
magnitude of separation distress should de-
crease. This seems to be precisely what occurs
when dogs are successfully treated for separa-
tion-related problems. Whether such a regu-
latory coping circuit exists is not definitively
known, but I would be surprised to discover
that it did not.

Stress and Separation Anxiety

In addition to the HPA system readying the
body for emergency action, another impor-
tant CRF-mediated circuit within the brain
itself modulates emotionally stressful states
resulting from the distress and panic associ-
ated with social separation. Panksepp and
colleagues (1988) describe an experiment in
which CRF was intraventricularly injected
into the brains of young chicks. The chicks
exhibited pronounced distress vocalizations
for 6 hours, even though they were in the
presence of social stimuli that normally in-
hibited such reactivity. Within the CRF brain
system, NE counterbalances and restrains
CREF activity. Under conditions of prolonged
stress, NE is depleted, resulting in the disrup-
tion of homeostatic balance between NE and
CRE Some CRF projections terminate in the
area of the locus coeruleus and, perhaps, un-
der conditions of chronic stress, CRF may
exhaust the production of NE or, in conjunc-
tion with a parallel neuromodulatory system
(e.g., the opioid system), impede efficient NE
production. In addition to CRF-mediated ac-
tivation of the locus coeruleus, CRF projec-
tions innervate the dorsal raphe.

It is known, for example, that endogenous
opioids exercise a strong inhibitory restraint

over NE-producing neurons (McGaugh,
1990). Under conditions of stressful regula-
tory imbalance, CRF-facilitated influences
may prevail over the mood-enhancing influ-
ences of NE. Lowered levels of NE are associ-
ated with depression, and not unexpectedly
many dogs suffering chronic separation dis-
tress also develop signs of depression. In ad-
dition to CREF circuits, other neuroendocrine
(prolactin and oxytoxin) circuits may also
play important roles in the modulation and
expression of separation distress (Panksepp,
1992).

Strong evidence suggests that early stress-
ful experiences produce lasting changes in the
CREF stress-mediating systems of the brain.
Relatively brief doses of separation distress
produced by periodically removing rat pups
from their mothers before they reach 21 days
of age produce long-term changes in the rat’s
brain (Nemeroff, 1998). These eatly expo-
sures to stress appear to alter permanently the
CREF gene expression and, consequently, the
rat’s stress management system. These
changes include the elevation of central CRF
and proliferation of CRF receptor density,
thereby intensifying the animal’s response to
CREF throughout its life. In addition to CRF
system changes, early stress exposure elevates
stress-induced ACTH secretion as well as
plasma cortisol levels. Interestingly, the SSRI
paroxetine (Paxil) appears to return CRF lev-
els effectively to normal while adjusting the
animal’s increased receptor sensitivity to more
normal levels, as well. In addition, the med-
ication produces an overall reduction of un-
desirable fearful and anxious behavior. These
palliative effects produced by paroxetine are
apparently drug dependent. When treatment
was discontinued, the earlier CRF levels, re-
ceptor sensitivity, and associated stress-medi-
ated behavior returned to pretreatment levels.
These findings suggest the possibility that
early and repeated or traumatic exposure to
separation may incline dogs to become overly
responsive to stress-eliciting experiences, per-
haps predisposing dogs to develop a variety of
fear-related behavior problems and problem-
atical separation anxiety as adults.

Finally, recent studies by Price and col-
leagues (1998) suggest that stress-related CRF
system activation appears to exert a direct in-
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hibitory influence over serotonin production
in the dorsal raphe. This CRF-mediated re-
straint over serotonin production might obvi-
ously affect remote areas of the brain depen-
dent on serotonin activity originating in the
brain stem. The intimate link between CRF
and serotonin output may help to explain the
aforementioned stabilizing and serotonin-en-
hancing effects of paroxetine via CRF system
regulation (or normalization). The evidence
suggests that paroxetine might be a useful al-
ternative for the management of stress-related
behavior problems in dogs; however, cur-
rently it is not commonly employed by vet-
erinary behaviorists (Overall, 1997; Dodman
and Shuster, 1998). Considering the poten-
tial benefits, and the apparent lack of mitigat-
ing adverse side effects, perhaps some ex-
ploratory clinical trials with the drug should
be carried out and evaluated.

Dexamethasone-Suppression Test

Clearly, a possibility exists that some func-
tional dysregulation of the HPA system plays
a role in the expression of adult separation-
distress problems. Persons suffering depressive
disorders frequently exhibit HPA dysregula-
tion of cortisol production. To determine the
presence of such dysregulation, depressed pa-
tients are administered an oral dose of dex-
amethasone (a synthetic cortisol), and plasma
cortisol levels are measured at various times
during the day. In persons exhibiting normal-
functioning HPA system regulation, cortisol
levels are suppressed; in persons exhibiting
HPA system dysregulation, however, plasma
cortisol levels are not suppressed. Some evi-
dence indicates that children exhibiting se-
vere separation anxiety show an abnormal re-
sponse to the dexamethasone-suppression test
(Livingston, 1991). Perhaps adult dogs ex-
hibiting chronic or severe separation anxiety
may suffer a similar dysfunction of HPA ac-
tivity. The dexamethasone-suppression test
might offer a diagnostic method for isolating
such dogs from other dogs presenting with a
more psychogenic etiology and symptomatol-
ogy. Further, an abnormal dexamethasone-
suppression test result appears to be moder-
ately predictive of a positive response to
antidepressant medications in human

patients (Risch and Janowsky, 1986).

PSYCHOMOTOR EPILEPSY, CATALEPSY,
AND NARCOLEPSY

Epilepsy

In cases of bizarre or unusual behavior occur-
ring with little or no warning, one should
suspect the possibility of a biological pathol-
ogy involving the brain. Psychomotor seizure
activity (limbic epilepsy) often presents with
psychosomatic symptoms, like chronic vomit-
ing or diarrhea (Reisner, 1991), and various
behavioral signs. Although behavior problems
associated with fear and aggression are typi-
cally viewed as learned patterns, some such
patterns may be (in part or whole) the behav-
ioral manifestation of seizure activity in the
hypothalamus, limbic system, or temporal
lobes (Aronson, 1998). The amygdala is par-
ticularly sensitive to seizure activity, perhaps
an etiologically significant factor in the devel-
opment of some forms of panic disorder and
generalized anxiety. Holliday and coworkers
(1970) studied 70 cases of canine motor
epilepsy presenting with varying degrees of
severity and duration. As the result of inter-
views taken with owners, they detected a
number of behavioral sequelae occurring co-
morbidly with epilepsy in dogs, suggesting
the possibility of a limbic system or temporal
lobe involvement:

Behavioral signs of varying duration and form
were common before or after a generalized
seizure or sometimes pre- and postictally. The
behavioral abnormalities consisted of: wander-
ing in circles, restlessness, somnolence, appar-
ent blindness, viciousness, inappropriate bark-
ing, attacking inanimate objects, terror-stricken
behavior, inappetence, voracious appetite, gen-
eralized trembling, champing of the jaws, lick-
ing movements, and behaviour as if one ear
were painful. Such changes usually lasted a few
hours at most, but were occasionally present
for 3—4 days. In a few dogs the behavioral signs
were the most prominent abnormality, appear-
ing at times in the absence of generalized
tonic-clonic seizures. (1970:283)

Unfortunately, such pathology is difficult
to diagnose through conventional EEG tests
done to verify somatomotor epilepsy. One
way to determine whether a particular case is
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precipitated by underlying limbic seizure ac-
tivity is to compare the differential effects of
epileptogenic drugs and antiepileptic drugs
on the expression of the behavior in question.
Borchelt and Voith (1985) have described a
case involving a male Lhasa apso that, when
presented with food, would begin eating, lift
his head, growl, and whirl about attacking
the surrounding area. The bizarre, poorly di-
rected, species-atypical character of the be-
havior prompted a pharmacological test. It
was found that the dog’s aggressive behavior
could be kindled by injecting him intra-
venously with chlorpromazine regardless of
the social context or ongoing environmental
stimulation. On the other hand, if the dog
was given an oral dose of diazepam before
eating, he ate peacefully without exhibiting
any aggressive behavior.

Dodman and colleagues (1992) have re-
ported three cases of what they term episodic
dyscontrol syndrome (aggression), all of which
appear to be associated with limbic seizure
activity. The dogs (a Chesapeake Bay re-
triever, cocker spaniel, and English springer
spaniel) exhibited fairly well-directed, al-
though inappropriate and exaggerated,
species-typical aggressive behavior. The
episodes of aggression were found to be asso-
ciated with several features that suggested
limbic seizure activity. It was noted that the
dogs exhibited various premonitory mood
changes in the directions of increased irri-
tability and depression, several autonomic
signs (excessive salivation, pupillary dilation
and glazing of the eyes, and vomiting), and
intense aggressive behavior at a high fre-
quency under low or no apparent provoca-
tion. All of the dogs proved responsive to
phenobarbital therapy—a confirmatory indi-
cator of seizure activity.

Catalepsy

Catalepsy is a condition in which dogs lose
muscular control over the body, with full or
partial collapse. Under full cataleptic loss of
voluntary control, dogs may fall into a
trancelike condition during which the limbs
exhibit a plastic rigidity remaining in the
form they are placed (Fox, 1968). A common

example of catalepsy is tonic immobility, a
phenomenon that is widespread in the ani-
mal kingdom and that may have a biological
self-preservative function when an animal is
faced with environmental threat (Gallup and
Maser, 1977). The behavior has been de-
scribed as feigning death or protective inhibi-
tion. A very familiar example of the behavior
is exhibited by the opossum, a marsupial that
uses tonic immobility as a primary mode of
defense against predation. Cataleptic tonic
immobility can be induced in a variety of
ways: “The conditions for induction have in-
cluded eye contact, pressure on body parts,
repetitive stimulation, inversion, and re-
straint” (Crawford, 1977:89). Dogs that are
abruptly rolled on their sides, following a
brief struggle, are often absorbed into a state
of tonic immobility. Tonic immobility might
be part of a parasympathetic rebound effect
in response to intense sympathetic arousal.
Another interpretation conceptualizes tonic
immobility and catalepsy as a response to
conflict provoked by incompatible motiva-
tions between active and passive defensive
mechanisms; that is, when an animal is
threatened with imminent physical danger
during which escape is not possible and at-
tack is equally ineffectual, the outcome may
be cataleptic immobility. Grandin (1992) has
argued that the induction of tonic immobil-
ity is an elemental part of some taming
processes in animals (e.g., wild horses), claim-
ing that the firm touch calms while the light
touch excites. She has designed a squeeze ma-
chine for the treatment of autistic and hyper-
active children, claiming that physical pres-
sure promotes a lasting sense of calmness and
well-being. This may be relevant to the bene-
ficial effects of forced lateral recumbency on
some dogs. Dogs exposed to such restraint
for several minutes are often significantly
calmer when finally released.

Narcolepsy

Narcolepsy is a sleep disorder that, in hu-
mans, is associated with catalepsy and the
rapid onset of sleep. In dogs, it appears to be
genetically determined, with breeds such as
the Doberman pinscher, miniature poodle,
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and black Labrador retriever most often ex-
hibiting the disorder (Voith, 1979). The con-
dition is incurable. During episodes of nar-
colepsy, affected dogs move rapidly from an
active state into a state of muscular weakness
and collapse while apparently remaining in a
trancelike conscious state. The onset of nar-
coleptic episodes is frequently associated with
feeding times, during periods of general ex-
citement, during or just after elimination,
and sometimes during sexual activity. Regard-
ing such attacks, Foutz and colleagues write,

These attacks are frequently precipitated by the
excitement of approaching desired goals, such
as food, a play object or companion, or sexual
activity. Some breeds such as Labradors often
experience cataplexy more frequently when
playing and exercising than when eating. Un-
pleasant experiences such as pain (caused by a
hypodermic injection), fear, or parturition, do
not appear to specifically elicit attacks.
Cataplexy also appears to occur spontaneously.
Very young puppies do not appear to be signif-
icantly responsive to food, but play activities
are major precipitants for attacks.

(1980:68-69)

Pavlov (1927/1960:319) appears to be de-
scribing narcolepsy when he writes concern-
ing a highly inhibited dog that could not
bear even a short delay of conditional rein-
forcement without becoming “drowsy and
even fall[ing] asleep over its plate while tak-
ing the food.”

Although the causes of narcolepsy are not
definitively known, recent advances point to
a dysfunction associated with the cholinergic
innervation of the pontine reticular forma-
tion (PRF). Catalepsy associated with nar-
colepsy may result from the abnormal activa-
tion of these cholinergic mechanisms
associated with the induction of REM (rapid
eye movement) sleep. A colony of narcoleptic
Doberman pinschers has been isolated and is
currently being subjected to various experi-
mental manipulations in an effort to deter-
mine the causal mechanisms involved. Reid
and coworkers (1994) have directly measured
ACh activity in the PRF via probes im-
planted into the pons of narcoleptic dogs.
They have found a definite relationship be-

tween narcoleptic episodes and increased lev-
els of extracellular ACh in the PRF of af-
fected dogs. Interestingly, baseline levels of
ACh in the PRF did not differ between con-
trols and narcoleptic dogs.

The diagnosis of narcolepsy can be con-
firmed by EEG or by injecting narcoleptic
dogs with imipramine. Reportedly, affected
dogs quickly recover from the attack after be-
ing injected with the drug (Voith, 1979). In
severe cases, CNS stimulants (4-ampheta-
mine and methylphenidate) are sometimes
prescribed to control the disorder (Foutz et
al., 1980). Narcolepsy in dogs is often left
untreated, since treatment is problematical
(Hart, 1980). Medication with CNS stimu-
lants may produce a variety of undesirable
side effects and produce increasing tolerance
over time.
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Sensory Abilities

Each animal has its own Merkwelt (perceptual world) and this world differs from its

environment as we perceive it, that is to say, from our own Merkwelt.

NIKO TINBERGEN, The Study of Instinct (1951/1969)

Vision
Retina
Color Vision
Vision in Subdued Light
Binocular Vision and Depth Perception
Shape and Form Discrimination
Blindness
Audition
Frequency Range of Hearing
Auditory Localization
Ultrasound and Training
Deafness
Olfaction
Mechanics of Smell
Olfactory Transduction
Olfactory Acuity
Biological and Social Functions of Smell
Ability to Detect and Discriminate
Human Odors
Localizing the Origin and Direction of
Odors
Vomeronasal Organ
Gustation
Somatosensory System
Mechanoreceptors
Nociceptors
Proprioceptors
Balance
Effects of Touch
Reflexive Organization
Extrasensory Perception
Clever Hans
Nora, Roger, and Fellow: Extraordinary
Dogs
Extrasensory or Extrasensitive?
References

D OGS ARE equipped with a number of
specialized sensory organs evolved to
obtain biologically significant information
from the environment. These various sensory
systems gather and process chemical, me-
chanical, and physical inputs, transduce them
into coded electrical impulses, and then con-
duct the raw sensory data to the brain. Once
in the brain, the sensory data are further
processed and encoded into meaningful rep-
resentations about the surrounding environ-
ment. The animal is totally dependent on the
reliability of this information processing for
the procurement of vital biological needs and
all forms of adaptive learning.

The sensory capacity of dogs can be di-
vided into three broad categories:

1. Exteroception: Exteroceptors are sensi-
tive to all stimulation acting on dogs from
the external environment. These stimuli (in-
cluding light, sound, chemical agents [taste
and smell], heat, cold, and pressure) corre-
spond to the special senses of sight, hearing,
taste, smell, and touch.

2. Interoception: Interoceptors are respon-
sive to stimulation arising from within the
bodily organs, such as emotional reactions
and some muscular sensations.

3. Proprioception: Proprioceptors coordi-
nate kinesthetic sensations and reflexes of the
body, including the sense of balance.

VISION

Much of the close social exchange that occurs
between dogs and people depends on the vi-
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sual recognition of subtle gestures and pos-
tural signals. This visual information provides
a sensory foundation for socially significant
communication and harmonious interaction.
Another important function of sight is to
scan the environment for biologically impor-
tant changes in the dog’s surroundings not
detected by the other senses.

Retina

The dog’s eye is structured so that reflected
light energy can be efficiently gathered and
focused upon the retina, which is composed
of light-sensitive neural tissue located at the
back of the eye. There are two types of pho-
toreceptor cells located in the retina: the rods
(sensitive to contrasts of light and dark) and
the cones (sensitive to variations in color and
detail). A dog’s retina contains many more
rods than cones, with the latter comprising
only 3% of all the photoreceptor cells found
in the canine eye (Peichl, 1991). The prepon-
derance of rods makes the dog’s vision better
suited for discriminating light and dark and
detecting movement than seeing color and
detail.

An important structural difference be-
tween the dog and human retina is the ab-
sence of a fovea. The fovea is a tightly con-
centrated area of cone and ganglion cells
located at the center of the field of vision in
the human eye. Nearly half of the human vi-
sual cortex is involved in representing infor-
mation originating in the fovea (Thompson,
1993). Although not possessing a fovea, the
central portion of the dog’s retina does ex-
hibit a higher concentration of cone cells
than found in other retinal areas, with cones
making up approximately 20% of all the re-
ceptors found there (Parry, 1953). Instead of
possessing a fovea, the dog’s retina contains a
visual streak and a concentration of ganglion
cells called the central area. The visual streak
is an elongated oval concentration of light-
sensitive receptors and ganglion cells situated
along the central portion of the retina. The
visual streak and central area are believed to
play important roles in enhancing visual acu-
ity, binocular vision, and horizontal scanning.
Peichl (1992), who compared the visual
streaks of dogs and wolves, found that wolf

retinas consistently possessed a pronounced
visual streak, whereas the visual streak in dog
retinas varied considerably (moderate to pro-
nounced) among the different breeds studied.
He attributed these differences to the effects
of domestication and breeding, thus provid-
ing additional physiological support for what
Hemmer (1990) has termed the decline of
“environment appreciation” in dogs and
other domestic animals due to sensory and
neurological degeneration resulting from do-
mestic breeding (see Chapter 1).

Clarity of vision requires that an optical
image is precisely focused on the retina. This
function is achieved by the cornea, lens, and
the aqueous media within the eye. Like hu-
mans, many dogs are either farsighted (hyper-
opia) or nearsighted (myopia). In the case of
farsightedness the image is focused behind
the retina, whereas in nearsightedness the im-
age is focused in front of the retina. Myopia
is not a general characteristic of canine vision
(as has been sometimes suggested), but its in-
cidence is relatively more common among
certain breeds. For example, Murphy and col-
leagues (1992) found that 64% of the Rot-
tweilers they tested were myopic. They also
determined that 53% of the German shep-
herds tested (clinical population) were my-
opic, but, interestingly, of the German shep-
herds participating in a guide-dog program,
only 15% were affected by the condition.
This finding suggests that dogs with poor fo-
cusing abilities had been excluded from the
guide-dog population as the result of other
behavioral shortcomings arising during their
training. Certainly, dogs like the German
shepherd and Rottweiler should be tested for
myopia before being trained for various utili-
tarian tasks requiring good eyesight.

Color Vision

Until recently, many dog authorities believed
that dogs lacked color vision or, at best, it
was considered a very weak aspect of canine
vision. This opinion was based on early
color-vision studies carried out by Smith
(1912) and by Orbelli (1909, cited in Wind-
holz, 1989) before him. Smith performed a
series of color-brightness discrimination ex-
periments (primitive by contemporary stan-
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dards) with dogs and concluded that, al-
though dogs appeared to exhibit a rudimen-
tary ability to discriminate color, this ability
was “highly unstable and cannot be supposed
to play any part in the animal’s normal exis-
tence” (Smith, 1912:190). Pavlov (1927) also
reported disappointing results following a
number of color-vision experiments per-
formed by his laboratory associate Orbelli,
whose early findings were consistent with
Smith’s results. During a series of color dis-
crimination studies, Orbelli was not able to
demonstrate a differential response to color,
although he was able to achieve some appar-
ent color recognition in one dog—a feat that
was accomplished only after great effort and
difficulty. Pavlov reported,

The results obtained by other investigators,
both Russian and foreign, lead to the conclu-
sion that colour vision in dogs, if present, is
only of a very rudimentary form, and that in
most dogs it cannot be detected at all.

(1927:132-133)

After several frustrated experimental efforts,
Orbelli concluded that dogs did not differen-
tiate between colors but rather responded to
changes of brightness in the samples pre-
sented to them. However, other researchers
during this same period—ostensibly imple-
menting controls for brightness—reported
conflicting results regarding color vision in
dogs. A significant procedural difference be-
tween these experiments and the ones per-
formed by Orbelli was the use of Pavlov’s
salivary method versus instrumental methods
in which a dog is required to make a volun-
tary response indicating a choice between
color samples. Experimenters using instru-
mental discrimination methods involving a
voluntary response found that dogs did, in
fact, possess some significant color vision.
Stone (1921) criticized these early efforts to
establish the existence of color vision in dogs,
arguing that they had failed to control ade-
quately for differences of brightness associ-
ated with the color samples presented. He
suggested that positive studies indicating the
presence of color vision in dogs were con-
founded by uncontrolled brightness factors,
and concluded along with Smith and Orbelli

that “the dog possesses only very rudimentary

sensitivity to colors and depends very little,
or not at all, on color distinctions in daily
life” (1921:415).

The question of color vision in dogs has
remained controversial ever since. However,
highly controlled vision studies carried out by
Neitz and colleagues (1989) and Jacobs and
coworkers (1993) have demonstrated that
dogs do possess significant abilities to per-
ceive and use color. Neitz and coworkers, for
example, determined through a series of color
discrimination experiments (e.g., sample-
matching discriminations) that dogs can dif-
ferentiate dichromatic colors having spectral
absorption peaks at 429 nm (blue-violet
range) and 555 nm (yellow-green range).
Spectral neutrality (colorlessness) was found
to occur at 480 nm (i.e., the greenish blue
range). The dog’s dichromatic color vision
enables a dog to discriminate bluish objects
from yellow ones, but dogs are unable to dif-
ferentiate between many other colors that are
vivid to humans, for example, red, orange,
and green—colors that dogs probably per-
ceive as tints and shades of yellow or blue.
The various colors that dogs see are affected
by a composite of perceptual inputs other
than saturated hue, for example, value (light-
ness/darkness) and intensity (brightness/dull-
ness). Miller and Murphy (1995) noted that
dogs are unable to differentiate between
greenish blue and gray. This observation is
based on findings by Neitz and colleagues
(1989) that the range between 475 and 485
nm (greenish blue to humans) is spectrally
neutral (i.e., colorless) to dogs. The dog’s in-
ability to discriminate between greenish blue
and gray occurs, on the one hand, because a
dog’s dichromatic vision cannot perceive the
greenish blue hue but, also, because the nor-
mal value of greenish blue is in the gray
range. These current findings conflict with an
earlier study performed by Rosengren (1969),
in which dogs (three female cocker spaniels)
were ostensibly trained to discriminate be-
tween red, blue, green, and yellow hues. In
addition, she found that the dogs could dis-
tinguish these various colors from gray sam-
ples of different values.

In contrast to earlier reports indicating the
existence of only minimal (if any) color vi-
sion in dogs, Neitz and colleagues (1989)
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found that dichromatic color discriminations
were rapidly mastered by the dogs they stud-
ied (two Italian greyhounds and a toy poo-
dle), noting that color discrimination was ev-
ident after only a single day of training. They
concluded that “color vision for the dog is
not simply a laboratory curiosity, but rather
may provide a useful source of environmental
information” (1989:124).

Jacobs and colleagues (1993) confirmed
the findings of Neitz et al. by means of so-
phisticated optometric instruments for mea-
suring relative absorption rates of the pho-
topigments contained in the dog’s cone
receptor cells (electroretinogram flicker pho-
tometry). They found that dogs, like the
foxes, possess two different photopigmented
cones that reach spectral absorption peaks at
430 to 435 nm and 555 nm, respectively. In
the case of trichromatic vision, blue-sensitive
cones reach absorption peaks at 420 nm,
green-sensitive ones at 534 nm, and red-sen-
sitive pigments at 563 nm. In general, mam-
malian photosensitivity is limited to a narrow
electromagnetic wavelength range between
ultraviolet and infrared, that is, approxi-
mately 380 to 760 nm (Schmidt-Nielsen,
1989).

Vision in Subdued Light

Although the dog’s ability to recognize detail
and color is limited, dogs possess significant
abilities to see under conditions of subdued
light or in darkness. Unlike humans, who are
phylogenetically adapted to diurnal (daytime)
activities, dogs are biologically adapted to a
crepuscular rhythm of activitcy—that is, they
are most active around dawn and again at
dusk. Selective pressures have resulted in the
evolution of structures and mechanisms facil-
itating vision under subdued light conditions.
Night vision is made possible by a photosen-
sitive chemical called rhodopsin contained in
the rod receptors. When light energy falls on
the rods, the rhodopsin is chemically altered
or “bleached” out, transducing a neural signal
that is relayed via bipolar cells to the retinal
ganglion and, finally, to the optic nerve and
brain. When the light source is removed, the
photochemical gradually recovers to its origi-
nal state. Unlike cones, which are linked to

individual fibers in the optic nerve, numerous
rods are synaptically connected in the retina
to the same neural fiber. This “wiring” is a
structural feature of canine vision that yields
a loss of visual detail but an increase in light
and movement sensitivity.

The dog’s vision under subdued light is
enhanced by a special reflecting surface,
called the tapetum lucidum, located behind
the retina. Under conditions of low lighting,
the pupil dilates, allowing as much light as
possible to enter the eye. Unabsorbed light
passing over the retina is concentrated on the
tapetum and reflected back over the light-
sensitive rod receptors, thus causing added
bleaching of rhodopsin and a greater sensa-
tion of light. The reflective glow of a dog’s
eyes when exposed to bright light in darkness
is caused by the mirrorlike tapetum. Located
below the tapetum lucidum in the lower part
of the eye is a heavily pigmented tapetal
structure called the tapetum nigrum, which is
believed to absorb excessive light entering the
eye and thereby reduce glare and scatter ef-
fects. Whereas the tapetum lucidum is
adapted to accommodate light reflected from
the darker earth, the tapetum nigrum is
adapted to handle brighter light coming from
the sky. These two tapetal structures work to-
gether to optimize the amount of illumina-
tion reaching the retina.

Binocular Vision and Depth Perception

In general, the eyes of predators are set to-
ward the front of the head, giving them a
much sharper and wider field of binocular vi-
sion than experienced by prey animals. The
eyes of prey animals are usually located more
toward the side of the head, giving them an
ability to scan the surrounding environment
widely for approaching danger. Binocular vi-
sion depends on a field of ocular overlap be-
tween left and right eyes and a network of
complex retinal projections involving both
sides of the visual cortex. Such visual abilities
enable predators to precisely locate, focus,
and track a prey’s movement. As the result of
the placement of the eyes and the presence of
a prominent muzzle blocking a full frontal
view, the average dog exhibits only approxi-
mately 40 to 60 degrees of overlap between
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the right and left eyes. This gives dogs binoc-
ular capabilities that are good but inferior to
human abilities. Such anatomical limitations,
however, are a gain in terms of peripheral vi-
sion. Whereas human peripheral vision ex-
tends to about 180 degrees, the average dog’s
peripheral range is approximately 250 de-
grees. Of course, the amount of binocular
and peripheral vision varies considerably
from breed to breed depending on how the
eyes are set in the skull and various neural
substrates mediating visual perception.

An important aspect of binocular vision is
depth perception. Although a dog’s binocular
vision is good, a dog’s ability to perceive
depth is somewhat mitigated by a lack of full
binocular vision. Since a dog’s binocular vi-
sion is limited to a more or less narrow
frontal range, a dog’s ability to perceive depth
is also restricted to a narrow field of vision lo-
cated directly in front of it. Miller and Mur-
phy (1995) have pointed out, however, that
depth perception does not rely on binocular
vision alone. Monocular depth perception is
also possible as the result of head movements
that produce an appearance that objects are
moving at different speeds relative to one an-
other, thus providing information about rela-
tive distances and depth between them.
Other sources of important information con-
cerning depth include foreground/back-
ground contrast, atmospheric or aerial per-
spective (clarity of contour), relative size/scale
of objects, linear perspective, overlapping,
and vertical location in the field of vision.

Shape and Form Discrimination

Humphrey and Warner (1934) reported an
interesting study suggesting that a dog’s abil-
ity to form clear object images is limited both
under close-up conditions and at distances,
indicating that dogs may have a very narrow
range of effective vision. They reported a
study by Karn (1931; Karn and Munn,

1932) in which dogs were trained to discrim-
inate between two triangles, one with its apex
pointing up and the other pointing down.
These triangles had 9-inch sides, and the
dogs were permitted to approach as closely as
they liked before choosing between them.
Karn found that the dogs usually made

choices only after they were within 20 inches
of the triangles. By progressively making the
triangles smaller, he was able to obtain reli-
able discrimination between triangles with 3-
inch sides but no smaller. Humphrey and
Warner note that a parallel deficiency in hu-
man vision would result in our not being
able to read a book unless it had “letters three
inches high.”

Karn and Munn’s results conflict some-
what with earlier findings by Pavlov’s associ-
ate, Shenger-Krestovnikova, who experi-
mented with very subtle shape discrimin-
ations in dogs (Pavlov, 1927). In one of her
experiments, dogs were required to discrimi-
nate between a circle and an ellipse. Over the
course of several trials, the shape of the ellipse
was gradually expanded in the direction of a
circular shape. This was accomplished by al-
tering the ratios of the semiaxes of the circle
to the ellipse from 3:2, 4:3, 5:4 ... 9:8. She
found that dogs could master discriminations
as fine as 9:8 but only with great difficulty. A
few of the dogs studied developed striking
neurotic sequelae as a result of the perceptual
and emotional distress caused by the difficult
visual discrimination (see Chapter 9). I once
participated in a feasibility study involving
military scout dogs that required them to
perform a number of sophisticated remote
tasks. These tasks were shaped through pro-
gressive preliminary training that began with
a simple pattern discrimination in a Y maze.
The cards (checker patterned and blank) were
approximately 12 inches square and placed
about 15 feet away from the decision point.
The dogs showed great difficulty in mastering
this simple discrimination task. After several
days of frustrated effort, a flashing light stim-
ulus was added to augment the positive card
and to facilitate the discrimination required.
The difficulty exhibited by the dogs (German
shepherds bred at Biosensor Research for
trainability and intelligence) may have been
related to a perceptual factor similar to the
one discovered by Karn—that is, perhaps the
choice point was too far away for them to
differentiate accurately between the discrimi-
native stimuli being presented.

Despite the dog’s apparent difficulty in
discriminating stationary shapes and patterns,
most dogs unquestionably possess excellent
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abilities to discriminate between individuals
at distances and in groups—a common and
readily demonstrable observation. This ability
may be due to an acute sensitivity to move-
ment and subtleties of gesture. Whitney
(1961) reported that dogs that had been pre-
viously addicted to morphine would copi-
ously salivate whenever they saw him coming
toward their kennel. When approached by
strangers, the salivation effect was never evi-
dent unless he happened to be part of the
group. Whitney claims to have observed,
through field glasses, addicted dogs salivating
as he approached their kennel at variable dis-
tances up to 120 feet away. Miller and Mur-
phy (1995) reported a study performed in
1936 with 14 police dogs. In this study, dogs
that could identify moving objects at 810 to
900 meters (m) could only recognize these
same objects when stationary at much closer
distances (585 m or less).

Blindness

Occasionally, dogs lose their sight. Some
common causes of blindness or loss of visual
acuity include cataracts, progressive retinal at-
rophy, and glaucoma. Although sight is an
extremely important sensory ability for dogs,
blindness need not be a cause for euthanasia.
Dogs appear to adjust well through compen-
satory reliance on other senses like hearing
and smell and probably with the help of
kinesthetic learning of the environment.
Chester and Clark (1988) carried out a sur-
vey of 50 dog owners with blind dogs. Only
22% of those surveyed noticed a change in
their dog’s temperament. The most common
temperament changes reported were an in-
crease of dependency and attention-seeking
behavior. Other changes included increased
fearfulness toward family members or other
dogs. Of the owners, 74% reported that there
was no change in their dog’s response to
strangers; 12% reported that their dog failed
to compensate adequately within familiar sur-
roundings. Only two dogs were reported to
experience an increase in aggressiveness—one
of which was explained as the result of
painful glaucoma and “resentment” about
being medicated. This is a somewhat surpris-

ing finding, since many behavioral specialists
regard blind and deaf dogs as being more
prone to develop aggression problems.

To facilitate a blind or vision-impaired
dog’s adjustment, appropriate training and
management efforts must be carried out.
Much of what such dogs performed effort-
lessly in the past may need to be laboriously
relearned. Managing to climb up and down
stairs, for example, often proves to be a par-
ticularly difficult challenge for blind dogs,
but, with patient and gentle encouragement,
most blind dogs can learn to climb steps
without assistance. Blind dogs appear to form
a mental map of the house and quickly learn
to avoid bumping into things, provided that
the owner is careful not to rearrange furniture
or leave objects in the dog’s path (e.g.,
kitchen chairs left out from under the table).
Such dogs should be fed in the same place
and, for added safety, crated when the owner
is absent. Also, the owner might wear a bell
as an auditory means to communicate his or
her whereabouts to the dog (Campbell,
1992). Olfactory cues (e.g., citronella oil) can
be dabbed lightly on the corners of doorways,
furniture, and other objects that may be
bumped into as the dog moves through the
house. The strategic placement of gates and
other barriers is also useful. As in the case of
deaf dogs, training blind dogs is based on the
utilization of sensory modalities other than
the disabled one, especially hearing and
touch. Van der Westhuizen (1990) has rec-
ommended teaching dogs to respond to di-
rectional cues such as “left” and “right” to
help guide their movements. He suggests that
heeling lessons are facilitated by allowing the
dog to make contact or lean into the han-
dler’s leg, thus providing additional means to
orient the dog’s movement while walking in
close quarters. In addition to the use of gen-
tle physical prompts, training blind dogs de-
pends on the use of expressive verbalization,
using tonal variations and inflections to pro-
mote effective communication. Both blind
and, as will be seen in a moment, deaf dogs
are at considerable risk of being injured by
pedestrians (e.g., bicyclists and skaters) or by
vehicular traffic and should be leashed when-
ever away from home.
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AUDITION

The dog’s ear is composed of an outer ear
(pinna), auditory canal, and various struc-
tures designed to convert sound waves into
auditory information. The pinna gathers and
directs sound into the auditory canal, where
it is carried to the tympanic membrane or
eardrum. The eardrum is an extremely sensi-
tive and elastic membrane reacting to the
slightest vibrations on its surface: movement
of less than one-tenth the diameter of a hy-
drogen atom can produce an audible sensa-
tion (Thompson, 1993). The vibrations
caused by the pressure of sound waves on the
eardrum are mechanically conducted to the
cochlea through the mediation of three tiny
bones or ossicles: the malleus, the incus, and
the stapes. The cochlea is a snail-like tubular
structure that is innervated by the auditory
nerve. Sound vibrations are passed into the
cochlea at the oval window. These vibrations
cause a fluid wave in the cochlear fluid,
which causes a rippling effect against the sur-
rounding basilar membrane. The vibratory
displacement of the basilar membrane stimu-
lates auditory receptors (called hair cells) to
bend rhythmically, thereby evoking a nerve
potential that is carried by individual fibers
into the auditory nerve. Different sounds are
distinguished by the specific pattern of wave
motion that they generate. The vibratory
wave movements in the cochlear fluid selec-
tively activate certain groups of receptor cells
while passing over others as they flow against
the surrounding basilar membrane. Audibly
different sensations are produced by the dis-
tinctive pattern and topography of the wave
involved. Auditory sensations are conducted
by the auditory nerve to the cochlea nuclei
located in the medulla oblongata before be-
ing relayed to the thalamus.

Frequency Range of Hearing

The dog’s range of hearing has been shown to
be superior to human audition in many re-
spects. Dogs can easily hear sounds outside
the human range of audibility [20,000 cycles
per second (cps)]. Estimates vary from
26,000 cps (Fuller and DuBuis, 1962),

41,000 to 47,000 (Heffner, 1983), 30,000 to
40,000 (Schmidt-Nielsen, 1989), and 60,000
to 65,000 cps (Houpt, 1991); whatever the
case may be, dogs do hear ultrasound—
sound that is imperceptible to normal human
ears. Dogs can also hear sounds of very low
frequencies at 15 cps. The general range of
hearing estimated by Fox and Bekoff (1975)
is 15 to 60,000 cps. To place these numbers
into perspective, 28 cps is the frequency of
the lowest key on the piano and 4180 cps is
the frequency of sound produced by the
highest key. Apparently, dogs hear best at
around 4000 cps, compared with humans at
1000 to 2000 cps. Lipman and Grassi (1942)
compared human hearing with that of dogs
and found that under comparable sound in-
tensities (decibels) dogs and humans did
about equally well with regard to the percep-
tion of low frequencies (125 to 250 cps).
They observed, however, that dogs do pro-
gressively better as the frequencies increase
with “markedly superior” abilities between
4000 and 8000 cps, and concluded that “the
dog lives in a broader and deeper acoustic
world, thus gaining direct contact with nat-
ural events which are imperceptible to man”
(1942:88).

Auditory Localization

Another way that the dog’s sense of hearing is
better than ours is its ability to locate the ori-
gin of sounds coming from a distance. A
variable ability to localize the origin of
sounds is evident in puppies as early as 16
days of age (Ashmead et al., 1986). Adult
dogs are able to pinpoint the origin of sound
with a great accuracy with the aid of their
movable earflaps (pinnas). Locating the ori-
gin of sound, however, involves much more
than facile movement of the ears. Sound lo-
cation depends on complex brain calculations
that rely on the dog’s ability to register nar-
row time differences between the sound
reaching each of its opposing ears. The ear
closest to the source of sound is struck
slightly sooner than the opposite ear. Deter-
mining the direction of the sound’s origin de-
pends on a cooperative mediation of infor-
mation between the cochlear nuclei and
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time-sensitive neurons located on either side
of the brain stem in a structure known as the
superior olive. These neurons can detect de-
lays of stimulation between one ear and the
other on the level of microseconds (a mil-
lionth of a second). The slightest movement
of the head toward the source of stimulation
provides additional information about dis-
tance. A change in the dog’s head position
relative to the sound provides spatial infor-
mation that can then be used by the brain to
triangulate and compute the sound’s distance
(Thompson, 1993). The common tendency
for a dog to cock its head to one side when
listening carefully to an unusual sound is
probably a reflexive effort to pinpoint a more
exact location, perhaps involving a dimension
of height relative to the ears when positioned
parallel to the ground.

Ultrasound and Training

A potential application utilizing the dog’s
ability to hear in the ultrasonic range is to
use high-frequency sounds in dog training.
Of course, the Galton or “silent” whistle has
been used for many years as a signaling de-
vice, especially for recall. Recently, however,
many battery-powered ultrasonic devices have
come onto the market for use in behavioral
training as “humane” forms of punishment
for nuisance barking and other behavior
problems (Landsberg, 1994). An assumption
underlying the use of such devices is that the
ultrasound stimulation produced by them is
aversive to dogs—that is, that it hurts their
ears. This assumption, however, has not been
borne out by personal experience or experi-
mental testing. For example, Blackshaw and
coworkers (1990) tested the auditory reaction
of several dogs, ranging widely in size and
breed type, to variable frequencies of ultra-
sound under controlled conditions. They
found that ultrasonic devices producing high-
frequency sounds between 14 to 36 kHz re-
sulted in remarkably little apparent aversion
in the dogs, mostly yielding a “no effect” re-
sponse or minimum signs of interest as indi-
cated by brief pricking of the subjects’ ears. A
few dogs reacted aversively to the sound by
turning away from it. Small dogs appeared to
be slightly more sensitive to ultrasound than

are medium or large dogs. This latter finding
is consistent with Galton’s early observation
that small dogs responded to his silent whis-
tle while large dogs did not. However, this
apparent difference between small and large
dogs does not appear to depend on the size
of the dog’s head or auditory apparatus.
Heftner (1983) found that the upper limits
for high-frequency hearing are remarkably
similar from breed to breed, regardless of
their size and ear shape: Chihuahua, 47 kHz;
dachshund, 41 kHz; poodle, 46 kHz;
pointer, 45 kHz; and St. Bernard, 47 kHz.
Perhaps smaller dogs are simply more behav-
iorally reactive to ultrasound than are large
breeds.

These devices have not proven to be very
reliable, effective, or aversive to most dogs. I
have been disappointed by my own experi-
ences with the products, finding them unreli-
able or ineffective beyond an initial “What's
that?” or a mild annoying effect that dogs
readily habituate to after a few trials. One
popular bark-activated model that I tested ac-
tually jammed on a continuous mode and
would have continued producing the ultra-
sound until it “fried” or the batteries ran
down. Fortunately, it was not on a dog; un-
fortunately, the product is still on the market
and widely used.

A possible explanation for the relative in-
effectiveness of ultrasonic devices may be the
result of insufficient power to drive the ultra-
sonic pulse. In other words, the small bat-
tery-powered models may not be strong
enough to produce an aversive auditory ef-
fect. Ultrasound requires relatively more en-
ergy and amplitude than sound generated at
lower frequencies. Frequencies above a dog’s
optimal range of hearing require progressively
more amplitude boosting to be heard. For in-
stance, to obtain an orienting response to the
sound of a silent whistle, the effort needed to
blow the whistle adjusted at a high frequency
is much more forceful than required when it
is adjusted to a lower one.

Ultrasound has two other distinct charac-
teristics limiting its usefulness: narrow field of
directionality and limited effective range. Un-
less the device is pointed directly at a dog’s
head at a close range, its effectiveness is dras-
tically diminished. In the case of bark-acti-
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vated collars, the ultrasonic burst may be
blocked by the dog’s neck and jaw, requiring
that the sound stimulus reach the dog’s ears
by way of echoes from surrounding objects
rather than from the collar itself. This further
mitigates its usefulness in situations where
nearby objects are not present, such as out-
doors. Lastly, dogs may not be biologically
prepared to readily associate ultrasound stim-
uli (even at high levels of stimulation) with
threat without additional aversive condition-
ing. Ultrasound may possess some innate sig-
nificance as a directional indicator for detect-
ing and locating small prey animals, whose
distress vocalizations are expressed at ultra-
sonic frequencies.

No adequate learning studies (that I am
familiar with) have been carried out that
demonstrate the effectiveness of ultrasound as
a punisher or negative reinforcer in dogs.
Considering the cost of the devices, and the
ready availability of consistently more effec-
tive alternatives, one should resort to their
use only in rare cases of special need, for ex-
ample, with especially sensitive dogs or where
auditory-mediated punishment needs to be
silent. Although the use of ultrasound as an
auditory punisher is not recommended, low-
intensity ultrasound can be usefully em-
ployed in dog training as a means for signal-
ing and controlling learned behavior (e.g.,
the silent whistle). Pairing unobtrusive ultra-
sonic cues with trained behaviors proves very
effective in place of verbal commands in cer-
tain situations where silent control is desir-
able. Unfortunately, ultrasound is currently
most often applied as a punitive device rather
than a potentially valuable training tool for
the delivery of discriminative signals and sec-
ondary reinforcement.

An additional problem raised by the dog’s
sensitivity to ultrasound is the advisability of
ultrasonic flea deterrents. Ultrasonic collars
are frequently used by pet owners to control
flea infestation. This is unfortunate, both be-
cause they do not work (Dryden et al., 1989)
and because the sounds produced by such de-
vices are audible to dogs and cats exposed to
them (Roe and Sales, 1992). Obviously, the
possibility exists that ultrasonic flea collars
may produce significant annoyance to dogs
with sensitive hearing abilities. Ultrasonic flea

collars produce frequencies well within the
range of a dog’s hearing capability, at approx-
imately 40,000 cps (92 dB amplitude at a
distance of 10 cm). A serious question must
be raised regarding the impact of daily expo-
sure to pulsing ultrasound stimulation at
these levels to a dog’s quality of life. This is
especially pressing since ultrasonic collars
have been proven uniformly ineffective
against flea infestation. While the directional-
ity of ultrasound at the aforementioned fre-
quencies probably prevents it from directly
reaching the dog’s ears while wearing the de-
vice, it does not prevent echoes from reach-
ing the dog’s ears indirectly or prevent the ul-
trasound from reaching resident dogs or cats
exposed to its unobstructed output.

Deafness

Deafness occurs in dogs as a congenital disor-
der or may be acquired as the result of disease
or physical damage to the auditory mecha-
nism. Congenital deafness appears to be
linked to pigmentation, with the likelihood
of deafness increasing with the amount of
white pigmentation present in the dog, espe-
cially in dogs that exhibit an absence of nor-
mal iris pigmentation. The merle gene (e.g.,
the Australian shepherd, Harlequin Great
Dane, Old English sheepdog, and others)
and piebald gene (e.g., bullterrier, Dalmatian,
Great Pyrenees, and others) have been associ-
ated with an increased incidence of deafness
(Strain, 1996). Dalmatians commonly exhibit
congenital deafness, with as many as 30% of
the puppies born exhibiting the disorder in
one or both ears. Temporary hearing loss (ele-
vated thresholds) may result from exposure to
intense auditory stimulation exceeding 100
dB. For example, hunting dogs exposed to re-
peated close-range gunfire may experience
significant noise-related hearing loss.
Determining whether a dog is deaf is best
accomplished by the brain stem auditory
evoked response (BAER) test, which detects
electrical activity in the cochlea and other au-
ditory nervous pathways in the brain. The
test is conducted by directing a brief auditory
stimulus (a click) into both ears and measur-
ing the evoked electrical patterns produced
by the stimulation. Deaf dogs will present a
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flat-line appearance. A major advantage of
the BAER test is that it can isolate deafness
in one ear (unilateral) or both (bilateral) ears
(Strain, 1996). Bilateral deafness can also be
detected by the absence of an appropriate re-
sponse to loud startling noises or a failure to
acquire various conditioned associations that
depend on hearing to learn (e.g., the dog’s
name and other verbal/auditory cues used in
training).

According to the reports of many deaf dog
owners (Becker, 1997), deaf dogs can make a
good adjustment to domestic life. Success
with such dogs depends on careful training
and other management efforts needed to pro-
tect the hearing-impaired dogs from injuries
that might be sustained as the result of their
inability to hear, especially the threat of ve-
hicular injury. Like blind dogs, deaf dogs
learn to rely on other sensory modalities to
obtain environmental information, including
vision, touch, and olfaction. Consequently,
deaf dogs can be taught to respond to a wide
variety of visual cues and hand signals, as well
as various common forms of tactile stimula-
tion used routinely in dog training. Obvi-
ously, training a deaf dog poses many unique
problems, such as securing and maintaining
the dog’s attention, especially when the han-
dler is out of the dog’s field of vision. Camp-
bell (1992) recommends the use of beanbags
to condition dogs to keep their attention on
the handler. When a dog’s attention wavers,
the beanbag is tossed at the dog’s legs. The
handler then turns and walks in an opposite
direction while encouraging the dog to follow
along. As the dog approaches, the handler
crouches down and reinforces the following
behavior with petting. Other ways to hold a
deaf dog’s attention include consistently rein-
forcing attention with treats, tossing toys into
the dog’s field of vision, stomping on the
floor, and using flashlights and lasers (Becker,
1997). Remote-activated electronic collars are
sometimes used for the control of undesirable
behavior and to train dogs to come. A rather
unique application of such devices set at a
very low level is to pair the mild stimulation
produced by the collar with food and other
rewards. As a consequence, the stimulation
can then be used to reinforce desirable behav-
iors conditionally in much the same manner

as applying other common conditioned rein-
forcers (e.g., “Good”). Remote-activated vi-
bratory devices are also used for such pur-
poses. Finally, even though dogs cannot hear,
Tanner has emphasized that trainers should
still speak to dogs as though the dogs can
hear, since “we transmit our feelings and de-
sires to our dogs through facial expressions as
well as oral commands” (1970:23).

Deaf puppies are routinely euthanized, in
part, as the result of the widespread belief
that congenital bilateral deafness represents a
significant risk factor for the development of
a variety of behavior problems, including ag-
gression—presumably developing as the re-
sult of repeated and unpredictable startle.
The linkage between deafness and aggression
is a highly controversial topic, with little cur-
rent evidence available other than anecdotal
reports and clinical impressions supporting
the assumption that deaf dogs are more
prone to bite. What most authorities do agree
on is that deaf dogs require considerably
more focused care and training than hearing
dogs—a factor that the prospective owner of
a deaf dog should realistically assess before
making the decision to adopt.

OLFACTION

The dog’s sense of smell has attracted a great
deal of enthusiastic attention from both ap-
plied and scientific quarters but has only
slowly received appropriate experimental
study. Historically, almost supernatural capa-
bilities were attributed to a dog’s nose, often
resulting in the promulgation of some rather
fantastic and insupportable claims about ca-
nine olfactory abilities. In addition, many
equally incredible theories have been posited
regarding the way in which a dog’s olfactory
apparatus works (McCartney, 1968). These
theories have ranged from the absurd to the
occult. For example, one fanciful account hy-
pothesized that irradiated energy emanating
from living cells was absorbed by various ma-
terials stepped upon, and then re-emitted and
detected by the dog’s nose. Other discarded
theories posited the notion that electrical
waves or vibrations were responsible for the
extraordinary feats of canine olfaction. One
speculative adherent of the wave theory actu-
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ally proposed that a pendulum be employed
as an instrument for measuring the dog’s ol-
factory acuity. Over the years, many impor-
tant advances have been made in the study of
olfaction, largely supplanting theories like the
foregoing with more scientifically grounded
alternatives. Currently, the science of smell is
making important strides toward a more
complete understanding of the intricate bio-
chemical and neurological substrates of olfac-
tion.

Mechanics of Smell

The sense of smell enables dogs to analyze
the environment for significant chemical
signs or disturbances. During the process of
smelling, a sample of air containing the odor
is sniffed and directed deep into the posterior
portion of the left and right nasal cavities.
Once in the nasal cavity, the odor accumu-
lates on a mucous layer containing millions
of odor-sensitive cilia. The cilia are hairlike
dendritic elaborations of the olfactory recep-
tor neuron. Each olfactory receptor has 10 or
more immotile cilia that collect odorant mol-
ecules. The convoluted epithelial membrane
containing these olfactory receptors is sup-
ported by a complex structure of turbinate
bones. This arrangement allows for maximal
contact between the collected odor and the
olfactory mucosa. In addition, the cilia them-
selves add considerably to the overall mem-
brane surface area exposed to odorant mole-
cules. A dog’s olfactory neuroepithelium
contains as many as 250 million receptor
cells. When stretched out, the surface area of
the olfactory epithelium has been estimated
to range (depending on the breed) from 20
to 200 square centimeters. In comparison,
the human olfactory neuroepithelium covers
a mere 2 to 4 square centimeters and con-
tains only about 5 million receptor cells per
nasal cavity (Cain, 1988).

Olfactory Transduction

Sensory data from these millions of receptor
cells is conducted through the cribriform
plate into the nearby olfactory bulbs within
the cranium. Once in the olfactory bulbs, the
axons converge upon the glomeruli. The

glomeruli are spherical structures that inte-
grate and organize olfactory input. There are
far fewer glomeruli than olfactory receptor
axons, requiring that many thousands of ax-
ons share individual glomeruli. Within each
glomerulus, olfactory axons form synapses
with second-order olfactory neurons called
mitral cells. From the glomeruli, the informa-
tion is passed onto other parts of the brain
for higher processing, associative identifica-
tion, and interpretation (see Chapter 3). As
one might expect, the olfactory bulbs in dogs
are considerably larger than those in humans.

The manner in which olfaction occurs is
not fully understood, but important advances
in the study of olfactory reception have been
made by Axel and his associates at Columbia
University (Axel, 1995). By using molecular
genetics and sophisticated biochemical proce-
dures, they have been able to isolate a large
gene family dedicated to the synthesis of ol-
factory receptor proteins (Buck and Axel,
1991). The researchers have found that the
olfactory neuroepithelium contains neurons
possessing about 1000 different receptors,
coded by an incredible 1% of the mam-
malian genome. In rats, one in every 100
genes is involved in the reception of odors,
making olfactory receptor genes the largest
family of genes currently known to exist.
Each receptor protein is highly selective and
will bind only to a select group of odorants.
In combination, these diverse receptors yield
an extraordinary diversity of smells. Whereas
humans are believed to discriminate around
10,000 separate odors, dogs are probably able
to detect a far larger number. These findings
are extraordinary when one considers a com-
parison with all of the rich diversity of hu-
man color vision that is provided by only
three kinds of photoreceptors differentially
sensitive to three overlapping bands of visible
light. Given that 1000 different olfactory re-
ceptors appear to exist, the potential number
of smells available to the mammalian nose is
staggering.

Each olfactory neuron expresses a receptor
specialized for the detection of a specific type
of odor molecule. All of these many receptor
proteins are coupled to G proteins concen-
trated on the distal portion of the cilia. The
receptor protein in conjunction with the G
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protein activates a cascade of biochemical
events mediated by a second messenger
within the cell, resulting in the depolarization
of the olfactory neuron and the production
of an action potential or signal. These olfac-
tory receptor neurons are distributed ran-
domly in several specialized zones on the ol-
factory epithelium (Ressler et al., 1993). The
axons of olfactory neurons with the same re-
ceptor converge on the same glomeruli in the
olfactory bulb (Axel, 1995). This is an extra-
ordinary finding, since these receptor neurons
are destroyed and shed after a functional life
of 6 to 8 weeks. Olfactory neurons are being
constantly replaced by underlying stem cells
that subsequently send axons to the same lo-
cality in the olfactory bulb. How this is ac-
complished is not known.

Olfactory Acuity

Numerous studies have demonstrated that a
dog’s sense of smell is extremely sensitive. W.
Neuhaus (McCartney, 1968; Passe and
Walker, 1985) employed an olfactometer for
mixing and delivering odorant samples at
very low concentrations. His method in-
volved evaporating the sample into a con-
trolled airstream and directing it out through
three separate ports, two of which contained
air without any odorant. The dog was trained
to choose between the three by pressing its
nose against a box located behind the port as-
sociated with the sample. The concentration
of the odorant sample was progressively low-
ered until the dog could no longer select the
correct port. Surprisingly, he found that some
substances were not detected by dogs at con-
centrations much lower than that detectable
by humans. In most instances, however, the
dog’s ability was much superior. For example,
he estimated that a dog’s ability to detect bu-
tyric acid (a component in sweat that smells
like dirty socks) is from 1 million to 100 mil-
lion times better than a human’s ability.
These results (if true) mean that dogs may be
able to detect 1 milligram of butyric acid in
100 million cubic meters of air. Pearsall and
Verbruggen illustrate the extent of these in-
credible findings with a striking analogy:

Comparison with our own nose is difficult, but
an example may help: One of the substances
released by human perspiration is butyric acid.
If one gram of this chemical (a small drop in
the bottom of a teaspoon) were to be spread
throughout a ten-story building, a person
could smell it at the window only at the mo-
ment of release. If this same amount were
spread over the entire city of Philadelphia, a
dog could smell it anywhere, even up to alti-

tude of 300 feet. (1982:5)

Butyric acid is a prominent feature of the
scent picture utilized by dogs while tracking.
Wright makes a number of probing observa-
tions and calculations based on assumptions
drawn from Neuhaus’s findings and the abili-
ties of tracker dogs:

There are several sources of skin secretions:
sweat glands, “odour glands”, fat glands, and
various others. The sole of the foot has only
sweat glands, but they are present in large
numbers: up to 1000 per square centimetre.
Therefore the sweat glands are likely to be the
most important. Over a period of 24 hours,
the human body secretes about 800 c.c. of
sweat, and from the two million or so sweat
glands on the sole of each foot, about 2 per
cent of the daily production, or about 16 c.c.,
would be released. Human sweat has about
0.156 per cent acid of which about one-quar-
ter is aliphatic. If only 1/1000 of this pene-
trates steadily through the sole and the seams
of the shoe, it can be calculated that of an acid
such as butyric acid, at least 2.5 X 10'! mol-
ecules would be left behind in each footprint.
This is well over a million times the threshold
amount for the dog, and could still give a de-
tectable smell when dispersed in 28 cubic me-

ters of air. (1964:76)

These numbers are staggering, especially if
one considers that some bloodhounds can
follow trails several days old over rough ter-
rain and then pick out the tracked person
from a lineup of 10 people (Sommerville and
Green, 1989).

Ashton and colleagues (1957) also found
that a dog’s ability to detect various odorants
was not equally proficient for all sample sub-
stances. An apparent factor is related to the
size of the molecule involved. Fatty acids dif-
fering by only a single atom of carbon re-
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sulted in significantly different olfactory
thresholds. The more carbon atoms the mole-
cule possessed, the lower was the dog’s olfac-
tory threshold for its detection. A possible ex-
planation for this finding is that organic
molecules with long carbon chains possibly
trigger action potentials in a correspondingly
greater number of olfactory receptor neurons
than do molecules composed of fewer carbon
atoms. The lower thresholds may be obtained
because more receptor neurons are fired by
molecules possessing a greater number of car-
bon atoms than those possessing only a few.

More recent and carefully controlled stud-
ies have compared the dog’s olfactory ability
with that of humans. These experiments have
found somewhat less dramatic differences be-
tween humans and dogs—at least with re-
spect to the substances investigated. Krestel
and colleagues (1984) compared the dog’s
ability to detect amyl acetate with that of hu-
man subjects. Using a conditioned suppres-
sion technique, they determined that dogs
can detect the substance at a concentration
2.6 log units lower (i.e., about 400 times bet-
ter) than human test subjects. Marshall and
Moulton (1981) determined that dogs could
detect alpha-ionone at concentrations 3 to 4
log units lower than that detectable by hu-
mans (i.e., approximately 1000 to 10,000
times better).

Certainly not all dogs possess such incred-
ible olfactory sensitivity. To obtain a general
indication of the dog’s olfactory sensitivity,
Myers (1991) developed a home test for eval-
uating a dog’s sense of smell. Eugenol, a pure
olfactory stimulant, is used in a series of pro-
gressively dilute solutions and is systemati-
cally presented to a dog. The dog’s reaction
to each sample is noted. The odorant evokes
a range of unconditioned reactions in dogs,
including moving the head, licking the nose,
or sniffing. This method of evaluating olfac-
tory function has at least two potential short-
comings. First, the dog’s reaction to the sub-
stance must be interpreted by the owner, who
may or may not evaluate its reaction cor-
rectly. Secondly, the owner may inadvertently
(unconsciously) provide the dog with cues to
help it perform better. These problems sug-

gest that the method is best suited for deter-
mining gross functions rather than subtle ol-
factory thresholds.

Biological and Social Functions of Smell

Besides the obvious usefulness of an acute
sense of smell for the detection of prey ani-
mals, many social functions are coordinated
by olfaction. Most dogs engage in scent
marking and scent-mark investigation. Dun-
bar and Carmichael (1981) studied the uri-
nary elimination patterns of laboratory bea-
gles, finding that male dogs spend
significantly more time investigating and
marking samples of urine belonging to
strange males than samples belonging to
themselves or other males with whom they
are familiar. Their study suggests that dogs
are not responding to the smell of urine per
se but to some specific pheromonal identifier
within the context of urine that excites inter-
est and triggers a marking response. Support-
ing the view that an olfactory signal triggers
the marking response, Shafik (1994) has
demonstrated in dogs an olfactory micturi-
tion reflex between the nasal mucosa and the
urethral sphincters. Electrostimulation of the
nasal mucosa appears to relax urethral
sphincter muscles in dogs. The author specu-
lates that this reflex induces elimination in
the absence of a full bladder, thus contribut-
ing to the tendency of dogs to eliminate re-
peatedly in response to specific odorants
rather than in response to signals from pres-
sure receptors in the bladder wall. Other
studies have shown that the frequency of
sniffing and urinary marking is significantly
reduced in animals that have been castrated
or rendered anosmic. Among rats, testos-
terone has been proven to play a significant
role as a hormonal enhancer of olfactory acu-
ity (Pietras and Moulton, 1974). Perhaps the
decline of sniffing and marking in castrated
males is due to relevant pheromones failing
to reach thresholds detectable by altered
dogs.

Defecation may also serve some olfactory-
signaling purpose, although few dogs exam-
ine the fecal droppings of conspecifics with
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the same degree of interest that they exhibit
toward urinary scent marks. Some co-
prophagic dogs may be very interested in the
feces of other dogs, but not apparently for
the signaling value of the excrement, but
rather for its potential nutritional content.
The anal glands secrete a strong-smelling
substance into the fecal bolus just before it is
excreted. The function of these anal secre-
tions is not known, although dogs will copi-
ously and violently express them when
aroused with intense fear. Perhaps anal fluids
contain chemical signals that dogs use alone
or in conjunction with other chemosensory
and physical cues to express or communicate
some, as yet unknown, psychosocial intention
or meaning. Among wolves, the alphas are
most likely to deposit anal gland secretions
into their feces and to concentrate their de-
positions in one area (Asa et al., 1985).
Houpt (1991) has speculated that dogs
scratch the ground after defecating in order
to spread the fecal scent around, but this is
an unlikely explanation for such behavior.
Most dogs rarely (if ever) disturb their excre-
ment (or urine marks) as the result of such
scratching activity. Peters and Mech (1975)
observed that wolves actually step away from
deposited scats and urine marks before
scratching. Some species do scatter their feces
around after elimination (e.g., the hippopota-
mus), ostensibly to mark or maintain terri-
tory, but dogs do not engage in this sort of
ritual. Two potentially significant outcomes
of scratching after eliminating is the deposi-
tion of identifying pheromonal scents from
the paws, augmented by impressive (perhaps,
even provocative) visual signs of general size,
weight, and vigor impressed into the earth
with claws like a signature. This latter obser-
vation is consistent with the finding that only
high-ranking wolves scratch after eliminating.
The sense of smell aids dogs in identifying
the sexual status and receptivity of potential
mates (Beach et al., 1983). Females begin de-
positing pheromonal clues about their pend-
ing status long before they are actually pre-
pared to accept the males’ advances. Such
advanced invitation is widely advertised
through increased urine marking on the fe-
male’s part. Upon detecting this evidence of

incipient estrus on their excursions, male
dogs may become highly aroused and moti-
vated by the female’s sexual status but will be
roundly rejected if they locate her. Desmond
Morris speculates that the reason for these
mixed signals is simple—the female secretes
these early olfactory signals (pheromones) to
maximize the probability of finding a mate:

This may seem like a pointless period of teas-
ing the male. If she will not accept him, why
send out all those appealing scent signals? The
answer is that it is important for her to ensure
that all potential mates are well aware of her
condition, so that when the crucial moment
comes she will not find herself mateless.
Ovulation occurs spontaneously on the second
day of the estrus period proper. A day or two
after that the bitch is ready to be fertilized. If
males are absent then she will have to wait an-
other six months for her next chance.

(1986:92-93)

The dog is highly attracted to the vaginal se-
cretions of the estrous female, which he per-
sistently licks, hounding her until at last she
consents to his courtship efforts.

Another important function of olfaction is
kinship recognition. Hepper observed that
puppies recognize littermates and prefer
contact with them over nonlittermates, and
he speculated that some combination of ol-
factory and visual information mediates such
kin recognition and contact preference: “Pups
oriented to the cage by visual cues and then
used olfactory cues for ‘close-up’ recognition”
(1986:289). Mekosh-Rosenbaum and
coworkers (1994) demonstrated that puppies
do use olfactory cues to identify lictermates.
Puppies at various ages were exposed to the
bedding of both kin and nonkin conspecifics.
Young puppies (20 to 24 days old) spent sig-
nificantly more time investigating and mak-
ing contact with kin bedding than with
nonkin bedding. After 31 days of age, how-
ever, puppies began spending approximately
equal time investigating kin and nonkin bed-
ding. Interestingly, between days 52 and 56,
male puppies were significantly more at-
tracted to nonkin bedding. They speculate
that this shift coincides with a “weakening of
the mother-litter bond, leading toward the
pups’ ultimate independence” (1994:498).
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This change coincides with the optimum
time for placing a puppy in its permanent
human home at around 7 weeks of age.

The canid habit of rubbing on strong-
smelling substances is as common as it is in-
triguing. The habit appears in puppies as
young as 3 months of age. Dogs scented in
such a manner are immensely interesting to
other dogs, attracting the active attention of
conspecifics with whom they happen to
come into contact. To the chagrin of the
owner, the behavior is often exhibited imme-
diately following a bath. The most com-
monly posited theory for the habit is olfac-
tory camouflage. By rubbing in the strongest
ambient smell, a predator might enjoy some
slight advantage while stalking its prey. Al-
though this theory seems plausible enough, it
has been rejected by some authorities, based
on the hunting techniques of the wolf. A sec-
ond theory suggests that the habit provides a
kind of scent identity shared by the pack—
with any strong odor being a sufficient stim-
ulus to excite socially infectious and ecstatic
rubbing—regardless of the source. Captive
wolves have been observed rubbing in the
same scented spot until the whole pack is
scented with the odor (E. Klinghammer, per-
sonal communication). While the object of
such behavior is typically carrion or dung,
any strongly odiferous substance will attract
the response from wolves—even expensive
perfume! (Mech, 1970). Fox has suggested
that dogs may be motivated by “an aesthetic
appreciation of odors” (1972:222) or, per-
haps, such behavior may serve to enhance so-
cial recognition and contact (1971a).
Kleiman (1966) suggested that the typical
physical movement associated with the pat-
tern is intended to impart the animal’s scent
to the object rubbed upon—not necessarily
to receive odor from it. Morris (1986) re-
jected this suggestion, arguing that if the
canid’s intention was to mask the odor
it would deposit an equally intense smell (fe-
ces or urine)—not simply rub on it. He spec-
ulated that a possible purpose for the habit is
to obtain and share information about the
surrounding environment with other pack
members via various scents the scouting wolf

has rolled upon. Although pack members

show great interest in the returning scout and
appear to delight in the smells that he has
collected, whether this exchange ever results
in the initiation of a hunting sortie has not
been determined. To my knowledge, there
has not been a controlled scientific investiga-
tion of this interesting phenomenon.

Ability to Detect and Discriminate
Human Odors

Besides playing an important role in the so-
cial identification of conspecifics, the sense of
smell is also used by dogs to identify people.
Furthermore, the manner in which dogs
smell and where they smell may be signifi-
cant. Millot and colleagues (1987) reported
that during spontaneous interaction between
dogs and children, dogs more commonly
sniffed the face during appeasing and friendly
interaction, directed smelling to arms and
legs during competitive encounters, and di-
rected olfactory interest to the child’s chest
and legs when he or she was not behaving in
any special way toward the dog. Smell may
give observant dogs many clues about the
emotional status of their owner or guest.
Dogs appear to react differentially to the
smells of people according to their emotional
states and healcth. Owners have frequently
commented on such abilities being exhibited
by their dogs. Reportedly, Montaguer
(LeGuerer, 1994) has found that dogs exhibit
a repulsion toward the odor of psychotic chil-
dren. According to LeGuerer, Montaguer
performed a series of experiments with child-
like dummies, with one dummy wearing un-
dergarments saturated with the smell of a
psychotic child while the other one wore un-
dergarments imbued with the odor of a nor-
mal child. The dog actively avoided coming
into contact with the dummy wearing under-
wear having the odor of the psychotic child.
Edney, who has studied a group of dogs
believed to possess the ability to anticipate
epileptic seizures in their owners, has specu-
lated that affected dogs may be responding to
“distinctive odors generated in the aura phase
of epilepsy” (1993:337). Strong and associ-
ates (1999) have recently confirmed that
seizure-alert dogs can be specifically trained to
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detect signs of impending seizure. The dogs
included in the study were able to warn their
owners of impending seizure from 15 to 45
minutes prior to the seizure’s onset. An ap-
parent beneficial by-product of such dogs was
a significant reduction of seizure activity in
their owners. Another interesting area in-
volves dogs belonging to diabetics. Lim and
colleagues (1992) found 15 cases in which
some dogs appear to detect and react to hy-
poglycemic episodes in their owners. In an-
other study, Smith and Sines (1960) found
that rats could be trained to discriminate reli-
ably between sweat samples taken from schiz-
ophrenics and sweat samples taken from non-
schizophrenic controls. Perhaps, in the
future, dogs will serve chemosensory diagnos-
tic functions as yet not fully exposed—for ex-
ample, the early detection of various mental
and physical disease conditions. In addition,
a dog’s nose might be usefully employed for
the detection of environmental pollutants at
concentrations below the threshold of cur-
rently available mechanical means.

The dog’s ability to detect and identify
human scent is extraordinary. For example,
King and coworkers (1964) found that dogs
could detect the presence of a single finger-
print placed on a glass slide that was up to 6
weeks old (indoor samples). In their experi-
ment, each discrimination trial involved four
blank slides and one fingerprinted slide. Cor-
rect choices required that the dog sit in front
of the fingerprinted slide. They compared the
dogs’ accuracy of detection along two sepa-
rate dimensions of scent viability: age of scent
and the effect of outdoor weathering. Toward
this end, some of the slides were carefully
preserved indoors while others were exposed
to outdoor conditions for varying lengths of
time before testing began. The dogs could
easily detect indoor fingerprint samples after
3 weeks but were successful only 50% of the
time after 6 weeks. They failed to detect out-
door samples reliably after 2 to 3 weeks. Fin-
gerprints on slides covered by a film of water
could not be detected.

Kalmus (1955) evaluated the dog’s ability
to discriminate between the scent of different
people, including family members and twins.
He demonstrated that dogs could easily and
reliably make such discriminations, even be-

tween family members—unless they hap-
pened to be identical twins. He used freshly
laundered handkerchiefs that had been
scented from the armpits by the test subjects.
The dogs were trained to sniff the hand of
the subject and then to select the handker-
chief that had been handled by that person.
In the case of identical twins, the dogs ap-
peared to treat the handkerchiefs scented by
them as identical. This outcome suggests that
the preferred scent cues were not incidental
olfactory stimuli like clothing, diet, or emo-
tional states. The really interesting result of
Kalmus’s study, however, occurred during
tracking tests. On the whole, dogs that were
given the scent of one twin would readily fol-
low the other, unless both twins laid the track
side by side and then split off in opposite di-
rections. Under such conditions, one of the
dogs studied consistently tracked the twin
who had actually provided the sample scent,
suggesting that under certain conditions dogs
might rely on other secondary olfactory mark-
ers (perhaps incidental and transient) to dif-
ferentiate the human scent.

A more recent study by Hepper (1988)
found that both genetic and environmental
factors affect a dog’s ability to discriminate
between twins. The experiments used a
matching-to-sample method. Twins were in-
structed to wear two T-shirts over a 48-hour
period. The dog was presented with one of
the T-shirts to sample for several seconds.
Meanwhile, the matching T-shirt along with
the other twin’s T-shirt had been crumpled
and placed into a small plastic trough stand-
ing 10 feet away from the dog and handler.
The dog was sent to retrieve one of the two
T-shirts. Hepper found that dogs could accu-
rately discriminate between twins so long as
they differed in one of two directions: genetic
relatedness or environment factors (e.g., diet).
The dogs were unable to discriminate be-
tween infant identical twins if they had been
fed the same diet.

A few years ago, Brisbin and Austad
(1991, 1993) evoked a controversy by sug-
gesting that dogs could not reliably match
scents collected from different parts of the
body to the correct human donor, thus con-
tradicting Kalmus’s previous finding that
scent samples taken from the armpit could be
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accurately matched with scents taken from
the hand. Their study aimed at determining
the extent to which dogs could generalize
scent discrimination training and matching
abilities to scents collected from different
parts of the body. The study was limited to
three dogs—all previously trained to discrim-
inate scent articles (AKC Utility Test) from
scent collected from the hands only. None of
the dogs had any previous experience involv-
ing the discrimination of scent from other
parts of the body or law-enforcement experi-
ence. The researchers found that when the
dogs were prompted to discriminate the scent
sample taken from their owner’s elbow from
the scent samples collected from the hands of
a stranger, they were only successful 57.9% of
the time (results not rising above statistical
chance).

In reply to Brisbin and Austad, Som-
merville and colleagues (1993) criticized their
study, arguing that the resulting findings suf-
fered from an inherent ambiguity stemming
from the way in which the dogs were trained
and tested. For one thing, the dogs involved
were trained to discriminate only scent col-
lected from the hands and were naive with
regard to the discrimination of scents ob-
tained from other parts of the body. Ostensi-
bly, the dogs had learned the scent signature
of hands but not a reliable specifying signa-
ture of a person’s identity per se. According
to Sommerville and associates, the results re-
ported by Brisbin and Austad were inconclu-
sive, measuring an artifact resulting from in-
adequate preparatory training rather than a
lack of ability to generalize or match scent ac-
curately. The researchers subsequently carried
out a much more extensive study of their
own to test this general hypothesis (Settle et
al., 1994). In contrast to the negative find-
ings of Brisbin and Austad, they demon-
strated tha, if properly selected and trained,
dogs can reliably discriminate and match
body scents collected from different parts of
the body to the correct donor:

Odur results show that dogs can efficiently
match objects bearing the scents of individual
humans whom they do not know even when
the scented objects have been in contact with
different parts of the body and collected with
no particular precautions to avoid environmen-

tal contamination. ... Our results suggest that
if dogs are selected well, sympathetically
trained and entirely dedicated to scent discrim-
ination in a well-managed unit they are likely
to maintain a dependably high performance

over long periods. (1994:1446-1448)

The significance of the Brisbin-Sommerville
controversy is to underscore the importance
of careful selection, extensive training, and
testing/certification of dogs used by law en-
forcement for tracking and identifying sus-
pects.

Localizing the Origin and
Direction of Odors

The primary function of olfaction in dogs is
to detect and locate odors emanating from
the surrounding environment. Von Bekesy
(1964) performed a series of experiments to
determine whether olfactory localization oc-
curred in a manner analogous to directional
hearing. He discovered that in the process of
sniffing there exists a small time delay be-
tween the odorant entering one nostril before
reaching the other, unless the source of the
odorant is located directly in front. A differ-
ence of as little as 0.3 millisecond between
nostrils was found sufficient to calculate the
odorant’s general direction of origin. He also
found that differential olfactory analysis of
the relative concentration of the left sample
as compared with the right one provided ad-
ditional information about the odorant’s lo-
cation. From this information, a gradient is
formed from which a dog can calculate the
approximate direction of the origin of the
odorant by the differences of concentration
entering the respective nostrils.

Schwenk (1994), who has studied the
chemosensory locating abilities of snakes, has
shown that a snake’s tongue serves a similar
direction-finding function as that performed
by the separated nostrils of mammals. Scent
gathered by one fork of a snake’s flicking
tongue is slightly more or less concentrated
than scent gathered by the other. By compar-
ing these differences via the vomeronasal or-
gan (VNO), a snake is able to trail and locate
prey animals wounded with venom. If the
forked portion of the tongue is severed, a
snake is unable to trail. Further, if one side of
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the VNO is blocked, a snake tends to trail in
the direction of the unblocked side, conse-
quently moving about in a wide circular
path.

Few trails in nature are found at their
source but are crossed and detected at some
arbitrary point along their length. Determin-
ing which way to go once a trail is located is
a challenge to the olfactory abilities of preda-
tors. This is also a problem of considerable
importance for dogs trained to track people.
McCartney (1968) discussed early directional
tracking experiments carried out by Belleville,
a Berlin police officer, who found that
trained tracker dogs, when led to the mid-
point of a track and started at right angles to
it, chose the correct direction in only 47% of
the trials. He concluded that the correct de-
termination of track direction by the dogs
was probably based on little more than
chance. Other disappointing reports con-
firmed that the directional choice appeared to
be based on statistical chance (Morrison,
1980; Schwartz, 1980). Similar results were
found by MacKenzie and Schultz (1987),
who tested 22 dogs trained to track but not
trained to determine the direction of the
track. Although six of the dogs exhibited per-
fect scores, the overall statistical picture for
the group of dogs as a whole was not much
better than random chance.

In contrast to these earlier difficulties with
directional tracking, Steen and Wilsson
(1990) found that professional tracker dogs
can reliably choose the right direction on the
basis of olfactory information alone. The re-
searchers laid 50-m tracks on grass and on an
asphalt airstrip. After 20 to 30 minutes, the
dogs were brought to the track, faced in a
perpendicular direction relative to the track,
and unleashed. The dogs reliably determined
the correct direction of the track.

Thessen and colleagues (1993) have con-
firmed the earlier findings of Steen and Wils-
son with dogs previously trained for direc-
tional tracking. They tested German
shepherd tracking dogs on fresh tracks 20
minutes old on grass and 3 minutes old on
concrete (10 trials per dog on each surface).
The dogs were equipped with a remote mi-
crophone and transmitter that recorded sniff-
ing sounds. Other movements were recorded

by a video recorder. The researchers found
that directional tracking involves three dis-
tinct phases. (1) A searching phase during
which the dogs moved and sniffed rapidly.
The dogs sniffed at a rate of approximately 6
times per second during all phases. (2) A de-
ciding phase characterized by slower move-
ments and longer sniffing periods and with
the dog’s nose placed closer to the ground.
The deciding phase lasted 3 to 5 seconds and
involved the dogs sniffing at two to five foot-
prints before choosing a direction. (3) A
tracking phase involved more active move-
ment and sniffing, similar to those observed
during the searching phase.

Steen and Wilsson (1990) have hypothe-
sized that a dogs ability to determine the di-
rection of the track depends on a comparison
of olfactory concentrations emanating from
consecutive steps, thereby forming an olfac-
tory intensity gradient. If this is true, it em-
pirically confirms the incredible power of the
dog’s nose:

If we assume that each footprint smelled the
same at the moment it was set, and that the
scent evaporated at a constant rate, we can get
an idea of the dogs’ sense of smell. We walked
at a rate of one step per second and tracks were
30 min (1800 s) old when the dogs were
tested. The smell from one print should there-
fore theoretically be 1/1800 stronger than that
of the foregoing. This indicates that the dogs
were highly sensitive to an odour difference of
this magnitude. (Steen and Wilsson, 1990:534)

As extraordinary as these numbers seem at
first glance, most trails in nature are far older
and demand even greater sensitivity for deter-
mining their directionality than required by
the experimental arrangements producing the
above estimates.

William Carr and associates (Blade et al.,
1996; Miller et al., 1996) at Beaver College
(Glenside, PA) have studied various factors
believed to influence the acquisition of direc-
tional tracking. Of particular interest is test-
ing the intensity-gradient hypothesis pro-
posed by Steen and Wilsson. The intensity-
gradient hypothesis presumes that dogs can
detect a difference of polarity/intensity exist-
ing between successive steps made by a track
layer, possibly because the scent associated
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with the preceding step has undergone per-
ceptible diminishment relative to the scent
adhering to the succeeding step. To test this
hypothesis, they have performed a number of
directional tracking experiments comparing
the dog’s performance on normal and polar-
ity-enhanced tracks.

In one experiment, two previously trained
dogs were tested (Blade et al., 1996). One of
them was tested on a normal track laid at a
rate of 1 step per second. The second dog re-
ceived identical testing but on a polarity-en-
hanced track laid at a rate of 1 step per 10
seconds. This was accomplished by the track
layer resting upon a walker and holding the
trailing step up for 10 seconds before step-
ping down again. The operative assumption
here is that an increased delay between suc-
cessive steps would make it easier for dogs to
detect differences between them, perhaps as
the result of scent dissipation or some un-
known qualitative change in the scent pic-
ture. As expected from previous experiments,
the first dog responded correctly on 14 of 20
trials, whereas the second dog, working on
the polarity-enhanced track, responded cor-
rectly in 17 of 20 trials—a 21% improve-
ment over this dog’s previous score on a nor-
mal 1 step/second track. In another
experiment (Miller et al., 1996), the interval
between critical steps at the choice point was
increased to 80 seconds between steps. This
arrangement resulted in correct directional
choices in 80% to 90% of trials. These exper-
iments appear to confirm the earlier findings
of Steen and Wilsson regarding a trained
dog’s ability to determine the direction of
track above chance levels of significance, as
well as provide significant evidence support-
ing the intensity-gradient theory of direc-
tional tracking.

VOMERONASAL ORGAN

The vomeronasal organ (VNO) is a special-
ized sensory apparatus located in the anterior
portion of the palate, with ducts opening
into the mouth just behind the front teeth.
The organ is an elongated pouchlike struc-
ture that is lined with olfactory receptor cells.
These cells are similar to those found in the
olfactory mucosa except that they use mi-

crovilli instead of cilia. Scent information re-
ceived by these receptor cells is projected via
the accessory olfactory bulb (AOB) directly
into the limbic system (amygdala and medial
hypothalamus). Although there is some over-
lap between the olfactory system and the
VNO, the latter is particularly well suited for
the detection of pheromone molecules of a
higher weight than reliably detected by olfac-
tion (Cain, 1988). This difference makes the
VNO more sensitive for the detection of
nonvolatile chemical messages deposited in
the urine and other bodily secretions. An im-
portant function of the VNO is the detection
and subcortical analysis of these sexual
pheromones. Destruction of the VNO results
in the loss of normal sexual activities and sev-
eral other vital functions (e.g., maternal care,
aggressiveness, and secretion of sex hor-
mones) in many mammals.

Although dogs do not exhibit the “lip
curl” flehmen response observed in other
mammals, many dogs do exhibit an analo-
gous response called ronguing. When tongu-
ing, the dog’s tongue is pushed rapidly
against the roof of the mouth, with the teeth
sometimes chattering and expressing profuse
foam sometimes collecting on the upper lip.
Tonguing is frequently observed after a dog
licks a urine spot or “tastes the air,” following
the exchange of mutual threat displays be-
tween two rival males. As the antagonists sep-
arate, one or the other may project his nose
upward and initiate rhythmic sniffing and
tonguing movements. The tonguing dog may
actually extrude his tongue slightly in an ef-
fort to collect a sample. There is often a wide
retraction of the lips together with a slight el-
evation of the muzzle. This action is accom-
panied by several brief sniffs and wide search-
ing side-to-side movements of the head.

Eccles (1982) showed that the VNO in
cats is regulated by the autonomic nervous
system. He studied the flehmen response in
cats, discovering that the vomeronasal pouch
or lumen suctions or expels depending on
current sympathetic or parasympathetic stim-
ulation. Under parasympathetic tone, the or-
gan is constantly flushing and developing
droplets around vomeronasal ducts. These
droplets absorb airborne odorant or tastant
samples that are then conducted via a sympa-



146 CHAPTER FOUR

thetic-induced pumping action into the lu-
men of the organ. After the odorant/tastant is
sampled, it is expelled with a vigorous flush-
ing action, thus clearing the organ and
preparing it for another sample.

Whether dogs exhibit a true flehmen re-
sponse remains controversial, with many au-
thorities believing that dogs do not display
the pattern (Bradshaw and Nott, 1995), al-
though some canid species (e.g., the coyote,
side-striped jackal, and bushdog) do appear
to exhibit a flehmen response (Ewer, 1973).
Overall (1997) suggested that the
vomeronasal complex lacks functionality alto-
gether, noting that the vomeronasal sacs are
without chemoreceptors. This is clearly not
the case, though, according to Adams and
Wiekamp, who identified several types of re-
ceptors in the vomeronasal epithelium and
concluded that the canine VNO is “highly
developed and unique amongst that of adult
mammals” (1984:781). In addition, Salazar
and coworkers (1992, 1994) described
vomeronasal nerves and traced their destina-
tion to glomeruli in the accessory olfactory
bulb. Although the VNO system may be less
well developed in dogs than in some other
animals (e.g., rats and cats), it is a functional
organ of some importance to dogs. Unfortu-
nately, the significance of VNO information
for dogs is not known, but it likely serves
some functional role in the exchange of
pheromone information about social status
and the animal’s reproductive state.

Some preliminary evidence supporting a
sexual function for the VNO system has been
found in the study of the wolf’s response to
methyl p-hydroxybenzoate, a sexual
pheromone. Klinghammer (unpublished
data, personal communication) has discov-
ered an intriguing phenomenon involving
this pheromone among wolves. During the
breeding season, captive wolf subordinates
may court and mount an estrous female
without interference from the alpha male,
that is, until he detects the presence of this
important sexual releasing hormone, at which
point he actively defends his rights of exclu-
sivity. The appearance of methyl p-hydroxy-
benzoate in a female wolf’s uterine secretions
apparently coincides with ovulation and

standing heat. The compound has also been
found in the estrous secretions of female dogs
and has been shown to elicit sexual arousal
and mounting behavior in males when ap-
plied to the vulvas of spayed females (Good-
win et al., 1979).

GUSTATION

The ability to taste depends on the activation
of gustatory receptor cells concentrated in the
taste buds. The taste buds are found in vari-
ous papillae (foliate, fungiform, and circum-
vallate to name the most common) that are
distributed over the surface of the dog’s
tongue. Taste buds contained in the fungi-
form papillae are located on the anterior two-
thirds of the tongue and transmit gustatory
information via the chorda tympani, a branch
of the facial nerve (seventh cranial nerve).
The posterior third of the tongue is associ-
ated primarily with the circumvallate papil-
lae, which are innervated by the lingual
branch of the glossopharyngeal nerve (ninth
cranial nerve). Both the seventh and ninth
cranial nerves form central synapses in the
nucleus of the solitary tract located in the
medulla. Ascending pathways are relayed
from the solitary tract via the pontine nu-
cleus to the ventral posteromedial (VPM)
nucleus of the thalamus and then to higher
somatosensory cortical areas associated with
the conscious experience of taste. Another
pathway from the pontine nucleus carries
taste information via the lateral hypothala-
mus, amygdala, and basal forebrain areas.
These subcortical pathways may be involved
in the production of affective qualities associ-
ated with taste and the memory processes un-
derlying taste aversions. In addition, some in-
vestigators have theorized that taste input to
the lateral hypothalamus mediates the rein-
forcing effects of food (Shepherd, 1983; Carl-
son, 1994).

Taste buds are normally washed in a coat-
ing of saliva stimulating a baseline or zero fir-
ing rate. When stimulated with a chemical
tastant, the taste receptor is either excited or
inhibited. In both cases, a taste sensation is
generated. In dogs, the most common recep-
tors are those excited by sugar and various
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sweet-tasting amino acids. Substances like cit-
ric acid also act on these same sweet taste re-
ceptors by inhibiting their rate of firing and
thereby producing a sensation similar to what
humans experience as sourness.

Similar papillae and taste buds in humans
are specialized for the preferential detection
of sugar (tip of the tongue), salt (to the front
and side), sour (along the sides), and bitter
(toward the back). Several taste studies re-
viewed by Kitchell (1976) indicated a similar
localization pattern of taste receptors on the
dog’s tongue. The available evidence indicates
that salty, sugary, and sour tastes are localized
toward the front two-thirds of the tongue,
while gustatory responses to bitter tastes are
located toward the rear third of the tongue.
Although the various taste qualities are most
strongly responded to in these specific areas,
taste sensations are not site exclusive but may
be detected in various degrees and qualities
over the surface of the tongue (Shepherd,
1983). There exists some disagreement in the
literature regarding a dog’s ability to taste salt.
For example, according to Kitchell, several
studies have demonstrated that dogs have a
clear gustatory response to salt. In opposition
to this view, Boudreau (1989) found that
dogs totally lack salt-specific taste receptors.
He noted that the ability to taste salt is com-
mon among mammals, especially herbivores,
who need to find it in order to supplement a
salt-deficient vegetarian diet. Since the car-
nivorous diet is already salt balanced, dogs
(and cats) presumably have no need to seek
salt in the environment and therefore do not
possess the necessary taste capabilities for its
detection. Interestingly, dogs are unique
among many mammals studied in that dogs
can taste furaneol, a sweet flavor found in
fruits. Boudreau has speculated about the
evolutionary function of the dog’s ability to
taste furaneol in terms of its omnivorous
eating habits:

Besides being intensely sweet, this compound
also has a fragrant odor and is a character im-
pact compound for many fruits. It is believed
that this furaneol taste system is specific for
fruit and is linked with the seed dispersing
function of the dog. The presence of this taste
system and its absence is readily detectable in

the natural eating behavior of canines and fe-
lids. In a natural environment canines will sup-
plement their small animal diet with fruit of

the season, unlike felids. (1989:136)

The differentiation of tastes is biologically
significant in terms of the animal’s search for
nutrients and the avoidance of poisons. Sour
tastes may be used to estimate the relative
acid/alkaline content of a food item, perhaps
determining thereby its state of decay and
available nutritive value. Dogs are especially
sensitive to bitter substances, a biologically
prepared tendency that may have survival
value, since poisonous items are frequently
bitter (Thompson, 1993). Like olfactory re-
ceptor cells, the taste buds are frequently re-
placed with new ones approximately every 10
days (Shepherd, 1983). Also, taste shares ol-
faction’s sensitivity to the effects of habitua-
tion and adaptation, perhaps accounting for
the dog’s preference for novel food items over
more familiar ones.

Taste has been much less studied than ol-
faction. It is known, however, that gustation
is a precocious sense, being present in neona-
tal puppies at the time of birth and probably
before. This has been confirmed by both con-
ditioned-response testing (Stanley et al.,
1963) as well as by direct measurement of
nerve activity caused by gustatory stimulation
(Ferrell, 1984a). Ferrell recorded the gusta-
tory response of several puppies by inserting
electrodes into the chorda tympani nerve
bundle and then exposing them to various
kinds of sugar. She found that puppies exhib-
ited a stronger gustatory response to fructose
than to other sugar flavors sampled (xylose,
lactose, maltose, sucrose, and glucose). Inter-
estingly, she found an almost equal spike oc-
curring in the record when the pups’ were ex-
posed to distilled water. The gustatory
response to fructose in neonatal puppies was
found to be comparable to that of adult dogs.

The experience of flavor and taste prefer-
ence depends on a composite of olfactory and
gustatory factors, as well as past experience
and learning. Garcia and colleagues (1966)
found that intense and lasting taste aversions
can be readily established toward a novel
food item if its ingestion is followed by the
induction of nausea. Such zaste aversions oc-
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cur even if nausea is induced after a delay of
an hour or more. Pavlov (1927) reported an
experiment performed by Zitovich that sug-
gested that learning may play an important
role in the development of food preferences.
The subjects were puppies that had been
taken away from their mother and hand
reared. They were fed only milk for a “con-
siderable” period of time. A fistula was im-
planted in the pups’ salivary ducts to measure
salivation output. When the puppies were fi-
nally shown food (meat or bread), they failed
to exhibit a salivary response to the sight or
smell of it. It was only after the puppies were
encouraged to eat solid food that they began
salivating in response to the sight or smell of
such food.

Food preference is a somewhat compli-
cated matter, involving four broad factors: ge-
netic preparedness to recognize the sample as
a potential food item, past experience with
the food item, palatability of the food item,
and its novelty. Kuo (1967) reported a study
in which he removed chow puppies from
their mothers at birth and divided them into
three feeding groups: Group 1 was reared ex-
clusively on a soy diet. Group 2 was fed a
fruit and vegetable diet. Group 3 was sus-
tained on a diet containing a variety of plant
and animal ingredients. The various diets
were supplemented with vitamins, minerals,
and salt. Very young puppies were fed a lig-
uid diet by hand and progressively moved to
solid food as they matured. Kuo found that
each group developed a specific preference for
the food toward which it was accustomed.
For instance, group 2 pups were familiar only
with fruit and vegetable foods and refused to
eat meat when offered it at 6 months of age.
Group 1 pups were equally selective, refusing
all food other than that made of soy. A
puppy belonging to group 3 would readily
eat almost any food offered to him. Kuo con-
cluded that dogs exposed to limited novelty
tend to develop exclusive preferences for
familiar foods. Mugford (1977) reported con-
flicting results involving basenji and terrier
puppies. He introduced puppies to assigned
foods at weaning, maintaining them on those
same food items for 16 weeks before testing.
He found that two primary factors influenced
food preferences: (1) preference was highly

influenced by the relative palatability of the
food (e.g., moistness), and (2) a lack of previ-
ous exposure to the food item (novelty) in-
creased a puppy’s preference for it. More
specifically, he determined that novelty with-
out palatability produced a short-term prefer-
ence, whereas novelty plus a high degree of
palatability produced a more long-term shift
in preference. These results appear to contra-
dict those of Kuo. Contrary to Kuo, Mugford
found that puppies fed a restricted diet pre-
ferred novel foods over familiar ones. It
should be noted, however, that an important
independent variable differed between these
two experiments: Kuo removed the puppies
from their mother at birth, whereas Mugford
waited until after weaning to do so. Appar-
ently, prior to weaning, young dogs may be
especially prone to develop lasting preferences
for familiar food items, whereas such prefer-
ences may be more flexible after weaning.

A potential factor influencing taste prefer-
ence overlooked by both of these studies is
the possible role of fetal taste experiences.
Some evidence suggests that the fetus may
taste or swallow amniotic fluids, and Cain
(1988) noted that these prenatal gustatory
experiences may have an important effect on
the development of taste preferences. For ex-
ample, Smotherman (1982) found that an in-
creased preference for apple juice by adult
rats could be produced by exposing fetal rats
to a solution of apple juice injected into the
amniotic fluids shortly before birth (day 20
of gestation). As adults, the rats were tested
and compared with regard to their relative
appetites for apple juice, maple syrup, or tap
water. Rats exposed to in utero apple juice
solution exhibited a distinct preference for
apple juice as adults. Interestingly, Smother-
man also found that the treated rats were sig-
nificantly less reactive (i.e., exhibited less pi-
tuitary-adrenal activity) to stressful
stimulation as adults than were fetal controls
injected with saline water. Also, Pedersen and
Blass (1982) obtained additional evidence for
the development of such prenatal preferences
by exposing rat fetuses to citral (a tasteless
lemon scent). Pups that had been exposed to
citral in utero and again immediately after
birth were attracted to nipples coated with
the scent. However, control pups that had
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been (1) exposed in utero only, (2) immedi-
ately after birth only, or (3) not exposed at all
were not attracted to the nipples washed with
citral. This study suggests that both prenatal
and postnatal influences interact in combina-
tion to affect certain preferences.

Galef and Henderson (1972), who studied
the food preferences of weanling rats, were
particularly interested in determining the ex-
tent to which the mother’s dietary intake in-
fluenced her young’s preferences in food.
They found that cues associated with food
eaten by the lactating female are passed along
(probably) through milk. Weanling rats
tended to preferentially seek out food that
the mother had eaten during lactation, even
though it was less palatable than other food
made available at the same time. The re-
searchers pointed out that many substances—
including antibiotics, sulfonamides, alkaloids,
salicylates, bromides, quinine, alcohol, nico-
tine, DDT, and amphetamines (to name just
some)—pass directly from the mother’s milk
into her suckling puppies. Additionally, they
referred to a study by Ling and colleagues
(1961) in support of the notion that complex
taste and smell molecules associated with the
mother’s food may be passed into her milk.
Ling and his associates found that the flavor
of cow’s milk is influenced by the sort of food
eaten by her. Galef and Henderson con-
cluded that it is reasonable to assume that
taste preferences for specific foods are ac-
quired (to some extent) through taste cues
provided in the mother’s milk prior to an ani-
mal’s first experience with solid food.

Weanling puppies (2 to 4 months of age)
are able to display a pronounced appetitive
preference between foods containing as little
as a 2% to 4% difference in fructose versus
sucrose content. Moistened food containing
17% fructose is much more attractive than
the same food containing 15% sucrose sweet-
ening (Ferrell, 1984b). Other studies have
shown that dogs exhibit a preference for
cooked meat over raw (preferring beef over
pork, lamb, chicken, and horsemeat—in that
order) and sweetened foods. Dogs rendered
anosmic still prefer sweetened foods and meat
over dry food but do not exhibit the same
range of preference for individual meats that
smelling dogs do (Houpt, 1991). Dogs are

especially fond of dairy products like cheese
and butter. In addition to identifying pre-
ferred food items, taste mobilizes the gas-
trointestinal system to secret appropriate di-
gestive juices. Both gastric acid and
pancreatic enzyme secretions are differentially
increased by direct taste stimulation of the
dog’s tongue (Powers et al., 1990).

Although dogs may have a preference for
highly palatable and novel food, they can be
persuaded to tolerate and thrive on a monot-
onous daily ration of dry food and fresh wa-
ter. Acquiescing to a dog’s novelty demands
usually results in a finicky eater and what
Fogle (1987) has aptly termed starvation
games. One dog that I recall was so manipu-
lative that he successfully trained his owner
to feed him nothing but cheese steaks (less
the rolls), a diet that may have played a sig-
nificant physiological role in the dog’s devel-
opment of heightened irritability and aggres-
sive behavioral problems (Mugford, 1987;
Dodman et al., 1994). Dogs exposed to diets
filled with daily novelty become progressively
finicky and harder to please. Flavor-enhanced
feeding and between-meal snacks, though
highly desirable from a dog’s viewpoint, may
cause a dog to overeat and develop a weight
problem. A recent survey performed by Kien-
zle and colleagues found that obese dogs of-
ten belong to obese owners who tend to “in-
terpret their dog’s every need as a request for
food” (1998:2780S). Also, such dogs may
become dangerously possessive over the de-
sired food item when it is presented. Most
finicky dogs will come around and eat what
is presented to them after a day or two of
hunger. A dog that has lost interest in food as
the result of congestion or other olfactory
dysfunction can be encouraged by putting
food in the dog’s mouth, thereby directly
stimulating the taste buds and possibly elicit-
ing appetitive interest (Hart and Hart, 1985).

SOMATOSENSORY SYSTEM

The dog’s body is equipped with a variety of
receptors sensitive to stimuli impinging on
the skin or arising from within the body it-
self. Specific receptors have evolved for the
detection and measurement of pressure, vi-
bration, heat and cold, chemicals, and vari-
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ous noxious stimuli. In addition, internal re-
ceptors sensitive to joint location, muscle
stretch, and tendon tension provide kines-
thetic information about the relative location,
direction, and action of the body. In combi-
nation, these highly specific sensory organs
provide a tremendous amount of information
about the external and internal environment
and a dog’s moment-to-moment orientation
within it.

Dogs exhibit significant differences with
respect to their individual responses to so-
matosensory stimulation. Some dogs are
much more sensitive to touch than are oth-
ers. Thresholds for stimulation are pro-
foundly affected by an individual dog’s emo-
tional state, general physical condition, and
past experience (learning). For example, fear-
ful or hypervigilant dogs will likely respond
to nociceptive stimulation at a much lower
level of intensity than dogs that are relaxed
and confident. Fearful dogs are also more
likely to exhibit emotionally reactive behavior
when stimulated. Similarly, dogs suffering
from disease or deprivation may show signifi-
cant changes in their relative responsiveness
to certain kinds of stimulation. Hypothy-
roidism, for example, may cause affected dogs
to seek warmth and avoid cold areas. Like-
wise, hungry dogs are more alert to stimuli
associated with the acquisition of food. So-
matosensory responsiveness is also signifi-
cantly influenced by experience. A dog’s re-
sponse to stimulation may be decreased or
increased depending on the presence or ab-
sence of previous habituating or sensitizing
exposure to the evoking stimulus. The
amount of past socialization received by a
dog will also influence how that dog inter-
prets and responds to tactile stimulation.
Well-socialized dogs, for example, will more
likely accept and respond in a friendly way to
petting and hugs, whereas undersocialized
dogs may only begrudgingly tolerate such
tactile contact—if at all. Although the way in
which dogs ultimately interpret and respond
to sensory input is highly variable and depen-
dent on many factors, the manner in which
sensory input is obtained from the impinging
external and internal environment follows a
regular pattern of processing.

Mechanoreceptors

The largest sensory organ in the body is the
skin, which contains numerous receptors
adapted and specialized for the reception of
specific sensory input. There are five basic
categories of somatosensory receptors in the
skin: nociceptors (associated with noxious or
painful stimulation), proprioceptors (sensitive
to body movement and position), thermore-
ceptors (responsive to heat and cold),
chemoreceptors (sensitive to chemical stimu-
lation), and mechanoreceptors (sensitive to
physical changes, twisting, stretching, and
pressure). Mechanoreceptors are the most nu-
merous receptors in skin. At the base of each
hair follicle, for example, is a group of pres-
sure-sensitive hair-follicle receptors that are
activated whenever the hair is disturbed by
external movements that cause the surround-
ing tissue to stretch or bend. Follicle recep-
tors of special importance to dogs are those
associated with the vibrissae or whiskers lo-
cated at various points on the face. The vib-
rissae provide dogs with information about
nearby objects, coordinate the movement of
the muzzle and mouth toward nearby objects,
and may serve an important protective func-
tion against ocular injury by avoiding acci-
dental collisions. In addition to direct me-
chanical stimulation, the vibrissae are
responsive to vibrations and the subtle move-
ment of air currents. The sensory informa-
tion from the vibrissae is especially important
for rats and cats. As noted in Chapter 3,
Welker (1973) categorized rats as feelers,
stemming from their extraordinary reliance
on their whiskers for survival. In addition to
indicating the presence of a nearby object to
rats while in darkness, the vibrissae also ap-
pear to provide supplemental information
about its shape, texture, and distance (Bear et
al., 1996). An interesting possible cause of re-
flexive aggressive behavior occasionally exhib-
ited by some dogs to a puff of air blown into
their face may be related to a species-typical
defensive reaction mediated by vibrissae.
During combat between dogs, vibrissae may
provide information about the opponent’s
close location and movements, perhaps medi-
ating some measure of defense through the
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reflexive organization of combative behavior.
Motile vibrissae on the muzzle quickly flare
and reorient in a forward direction when a
dog is aggressively aroused, suggesting that
they play some functional role. Sensory infor-
mation originating in the face, including re-
ceptors associated with the vibrissae, is con-
ducted by the trigeminal nerve. In addition
to providing mechanoceptive and propriocep-
tive information about the face and jaw, the
trigeminal nerve is an important conduit for
the transmission of chemoceptive informa-
tion resulting from the chemical stimulation
of the nasal and oral mucosa (e.g., the nonol-
factory sensation of alcohol vapor to the nose
or the burning sensation it produces if placed
on the tongue).

A number of other mechanoreceptors have
been identified in the skin of mammals (Mar-
tin and Jessell, 1991). The skin is composed
of two layers: the dermis and the epidermis.
In the epidermal layer, a pressure-sensitive
and slowly adapting receptor known as
Merkel’s receptor is found. Merkel’s receptors
respond to indentations produced near the
surface of the skin. In humans, specialized
pressure and vibration receptors are located
in the elevated ridges of the epidermis, form-
ing fingerprints. These Meissner’s corpuscles
are responsive to both touch and low-fre-
quency vibrations (50 Hz). Meissner’s cor-
puscles exhibit an extremely small receptive
field and are employed to form fine tactile
discriminations. Unlike Merkels receptors,
Meissner’s corpuscles are rapidly adapting.

Deeper within the dermis are other pres-
sure receptors called pacinian corpuscles.
These onionlike structures are composed of
several concentric layers of connective tissue
that variably respond according to the
amount of pressure applied to them. Pacinian
corpuscles are responsive to a large receptive
field involving both pressure and vibration
but in a higher frequency range than ob-
served in Meissner’s corpuscles, approxi-
mately 200 to 300 Hz. They respond quickly
and rapidly adapt to continuous stimulation.
Other mechanoreceptors located in the der-
mis are Ruffini’s corpuscles. Like pacinian
corpuscles, Ruffini’s corpuscles exhibit a rela-
tively large receptive field. Unlike pacinian

corpuscles, however, Ruffini’s corpuscles are
much slower to adapt to long periods of con-
tinuous stimulation.

Nociceptors

Nociceptors are free, unmyelinated (bare)
nerve endings in the skin and body that re-
spond to noxious stimulation that either
damages or threatens to damage body tissue.
The subjective experience of nociception is
pain. Painful stimulation elicits species-typi-
cal escape reactions that serve to separate the
organism from the source of noxious stimula-
tion. Nociceptors are divided into four types,
depending on the source of stimulation: me-
chanical (responds to sharp pressure), thermal
(extremes of burning heat or freezing cold),
chemical (stinging sensation of ammonia or
pepper), and polymodal (nociceptors that
combine sensitivity to a combination of me-
chanical, thermal, and chemical stimuli).
Pain results from the stimulation of noci-
ceptive nerve endings terminating on the
skin’s surface and enervating most of the
body’s major organ systems. In addition to
the direct stimulation of these specialized re-
ceptors, traumatic stimulation may also cause
local tissue damage and the rapid release of
pain-enhancing hormones, such as
prostaglandin. The secretion of prostaglandin
sensitizes nociceptive nerve endings to hista-
mine—an inflammatory by-product of cell
damage (Carlson, 1994). Aspirin and other
anti-inflammatory medications produce their
analgesic effects by disrupting the production
of prostaglandins. Pain information is relayed
along two pathways: a fast pain system and a
slow pain system (Thompson, 1993). The
fast pain system informs the brain immedi-
ately of the traumatic event (“Yelp!”) fol-
lowed by the slow pain system (throbbing,
aching, and burning sensations), which main-
tains the feeling of constant painful sensa-
tion—even though the original stimulus has
been removed. The fast pain system termi-
nates in two thalamic nuclei: the ventrobasal
complex (also associated with touch and pres-
sure) and the posterior nucleus. From these
thalamic nuclei, the impulse is relayed to the
cerebral cortex. The slow pain system passes
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through the reticular formation and projects
to the hypothalamus and the limbic system
(amygdala)—areas involved in the emotional
interpretation of pain and the motivation of
flight-freeze-fight reactions. The fast pain sys-
tem is limited to surface nociception (the
skin and mucosa) and is a more recent evolu-
tionary development than the slow pain sys-
tem, which services all bodily tissue except
the brain, which is not sensitive to pain.

One effect of the slow pain system is the
production of endorphins (a contraction of
endogenous morphine). Endorphins are pep-
tides (short protein molecules) produced by
the brain in response to slow pain, pressure,
and touch. Endorphins are also produced by
the pituitary gland (beta-endorphins), which
are released into the bloodstream together
with other hormones such as adrenocorti-
cotropic hormone (ACTH) as part of the
general adaptation stress response. Endor-
phins circulate throughout the brain to vari-
ous opioid receptor sites, including the hypo-
thalamus, amygdala, and intralaminar
thalamic nuclei. Interestingly, the fast pain
system bypasses the emotional and motiva-
tional centers associated with avoidance
learning and aggression. The fast pain system
is a pure pain/startle reaction relayed directly
to the cerebral cortex. It is not affected by en-
dorphin activity or the effect of morphine.
Naloxone, a molecule resembling morphine
in many details, is an active antagonist of
morphine and endorphins. Naloxone has lit-
tle obvious effect on an animal, but it binds
with opioid receptors in the brain. Conse-
quently, the complementary pain-reducing
and pleasure-enhancing effects of increased
opioid activity are impeded. Naloxone is
commonly used as a medication for the tem-
porary management of some compulsive be-
havior disorders (Brown et al., 1987; Dod-
man et al., 1988), presumably based on the
assumption that such disorders are, at least
partially, mediated by the endogenous opioid
system.

Proprioceptors

Proprioceptive sensitivity is essential for the
smooth locomotor functioning of the body.
The perception of the body’s orientation in

space and its coordinated movements are un-
der the control of various brain centers, in-
cluding the sensory motor cortex and cerebel-
lum. Sensory information mediating this
process is produced by proprioceptors located
in the muscles and joints. These receptors
provide fast moment-to-moment information
about the body’s movements and its orienta-
tion relative to the location of its different
parts. There are two common proprioceptors:
muscle spindles and Golgi tendon organs.
Muscle spindles respond to the rate and
amount of stretching that the working mus-
cle undergoes. (Incidentally, stretch-sensitive
receptors in the detrusor muscle of the blad-
der send signals indicating that the bladder is
full and needful of evacuation.) Golgi tendon
organs measure the amount of force being ex-
erted by the muscle on the tendon. In addi-
tion, many other mechanoreceptors located
in the surrounding connective tissue provide
information about physical changes in the
joint, including angle and velocity of move-
ment. Besides providing information about
the body’s orientation and movement, propri-
oceptors also provide sensory information
about the external world resulting from the
physical manipulation of objects.

Balance

In addition to proprioceptive information,
the ability to coordinate bodily movement
and balance is made possible by sensory in-
formation provided by two vestibular struc-
tures in the inner ear: the semicircular canals
and the vestibular sacs. The semicircular
canals are composed of three tubular struc-
tures extending from the cochlea and set at
90 degree angles to one another. The canals
are filled with a fluid substance called en-
dolymph that shifts in a direction opposite to
the body’s movement. The displacement of
cochlear fluid during rotational movement
causes hairlike receptors to bend, thereby
generating a nerve impulse. During linear
movement or while standing still, balance is
controlled by information from the vestibular
sacs (the utricle and saccule). These sacs con-
tain a jellylike substance in which otoliths or
tiny stones are suspended. Gravity pulls the
otoliths against receptor hair cells that, in
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turn, produce signals about the relative posi-
tion of the head to the line of gravity. Infor-
mation from the semicircular canals and
vestibular sacs is gathered in the vestibular
nerve and relayed to the cerebellum and sen-
sory motor cortex, where balance is finely co-
ordinated.

Effects of Touch

Many studies have confirmed the enormous
importance of touch for the ontogeny of nor-
mal emotional and social behavior. Harlow
and Zimmerman (1959), for example, stud-
ied the comfort-seeking behavior of rhesus
monkeys: Infant monkeys who had been sep-
arated from their biological mothers shortly
after birth were offered two surrogate mother
alternatives, one made of carpet and the
other made of wire. The researchers found
that the infant monkeys preferred surrogate
mothers made of soft carpeting material and
shunned artificial mothers made of wire, de-
spite the fact that the wire surrogate provided
milk whereas the carpet one did not. When
Igel and Calvin (1960) replicated this experi-
ment with puppies, they discovered that pup-
pies also preferred a cloth nonlactating surro-
gate mother over a wire one that provided
milk. In a series of experiments studying sep-
aration distress in puppies, Pettijohn and
coworkers (1977) compared the effect of vari-
ous stimulus conditions on the amount of
distress vocalization exhibited by puppies that
were briefly isolated from their mother and
lictermates (see Chapter 2). They found that
separation distress vocalization was reduced
by soft comfort objects (e.g., a piece of
cloth), but food (novel and familiar) or hard
play toys had no discernible effect on separa-
tion-related behavior. Curiously, the re-
searchers also observed a decrease in distress
when a mirror was put inside of the holding
pen. Ostensibly, the puppies were comforted
by viewing the image of themselves, and
some even rubbed up against the mirror, ap-
parently in a futile effort to make physical
contact with the image.

The first systematic effort to quantify the
calming effect of touch on dogs was per-
formed by Gantt and coworkers (1966).
Gantt observed that dogs in distress are

calmed by social contact, exhibiting a signifi-
cant decrease in both heart and respiratory
rates while being petted. He referred to this
phenomenon as the ¢ffect of person. Lynch
and McCarthy (1969) reported that shock-
elicited aversive arousal (as indicated by heart
and respiratory rates) was reduced by petting.
Also, they found that during classical condi-
tioning, if the dogs were continuously petted
during the preshock and postshock periods,
heart rates were strongly dampened immedi-
ately before (anticipatory arousal) and after
the shock was delivered (Lynch and Mc-
Carthy, 1967). Tuber (1986) noted the use-
fulness of massage, or what he calls the “soft
exercise,” for promoting calmness in dogs.
He advised that training dogs to relax should
be just as important as other training activi-
ties. Recently, Hennessy and colleagues
(1998) reported evidence suggesting that it is
not only petting but the way in which pet-
ting is done that yields the best effect on ob-
jective measures (e.g., cortisol levels) associ-
ated with reduced stress. The best results
were obtained by utilizing deep muscle mas-
sage or long firm strokes of petting from the
head to hindquarters. These findings under-
score the value of massage for reducing stress
in dogs. Massage and relaxation training have
many applications in the management of dog
behavior, especially in situations involving
aversive emotional arousal.

Since Gantt’s discovery, subsequent studies
have shown that the effect of person is recip-
rocal, with humans also experiencing pro-
nounced cardiovascular benefits from tactile
contact with dogs (Katcher, 1981; Friedmann
et al., 1983). Vormbrock and Grossberg
(1988) confirmed previous studies indicating
that petting causes a reduction of blood pres-
sure in humans. In addition, they found that
these physiological effects are not due to cog-
nitive or conditioned associations but depend
on direct tactile interaction between a person
and a dog. The mere physical presence of a
dog is insufficient; the dog must also be the
object of petting to lower blood pressure (see
Chapter 10).

Animals handled early in life exhibit many
lasting benefits as the result of such exposure.
Experiments with rats show that a minimum
amount of preweaning handling results in in-



154 CHAPTER FOUR

creased vitality and activity levels, more con-
fidence, and greater resistance to disease; han-
dled subjects are larger and more socially
dominant; and, finally, handling has a signifi-
cant positive impact on learning and prob-
lem-solving abilities, as well as reducing reac-
tive emotionality (Morton, 1968; Fox,
1971a). Puppies handled early in life appear
to obtain many similar benefits (Fox, 1978).

Touch mediates a great deal of social com-
munication between a dog and others with
whom the dog comes into contact (Lynch,
1970). Most training efforts exploit hedon-
ically pleasurable or aversive responses medi-
ated by touch receptors. Dogs learn to value
gentle petting as a reward and rough han-
dling as punishment. Touch is also an impor-
tant modality of canine emotional expressive-
ness, whether it be a gentle lick on the chin,
a casual pawing movement for attention, or a
hard bite on the leg—the dog, too, under-
stands the power of touch. Consequently,
touch provides a basic medium for direct
communication and intimate exchange based
on analogous experiences of pleasure and
pain shared by the human and the dog.
Through the agency of touch, we develop an
intuitive appreciation of dogs as emotional
beings. Dogs react to our handling (whether
positive or negative) in ways that are compa-
rable to our own reactions undergoing similar
stimulation. Humans and dogs appear to
share an empathetic appreciation of one an-
other through the modality of touch and tac-
tile communication. Dogs cannot speak
about how they feel, but they are, perhaps,
more direct and transparent than virtually
any human can be when communicating
how they feel through the agency of physical
posture, gesture, and various subtle move-
ments and expressions of touch.

REFLEXIVE ORGANIZATION

Much of a dog’s behavior is under the reflex-
ive control of involuntary mechanisms. As
discussed in Chapter 2, neonatal puppies ex-
hibit a great variety of reflexes that are pre-
dominately geared to maintaining contact
with the mother to secure basic survival
needs. These early neonatal reflexes gradually
disappear and are replaced by more centrally

controlled behaviors as puppies mature.
Neonatal reflexive behavior has been carefully
studied and cataloged (Fox, 1964). Under-
standing how the body’s reflexes work was
the primary emphasis of Sherrington’s (1906)
experimental work. He discovered that many
of the dog’s apparently voluntary behaviors
were to some extent under the control of in-
voluntary reflexive mechanisms. A dog’s
scratch reflex, for example, could be elicited
by applying an electrical “itch” to its skin. Al-
though mechanical and stereotypic, the
scratch response was organized and well di-
rected toward the source of the itch. What
makes this noteworthy is that the dogs in-
volved were decerebrate, having undergone
previous surgeries to cut nervous pathways
going to (afferent) or leaving (efferent) the
brain. Other surprising abilities of decere-
brate dogs included unsteady treadmill walk-
ing, withdrawal and crossed extensor reflexes
to pain (the stimulated leg flexes while the
opposing leg extends in order to push away
from the noxious stimulus), and differential
gustatory responses (a swallow reflex was
elicited by milk whereas noxious substances
were expelled).

The Russian physiologist Ivan Sechenov,
the father of reflexology, made several discov-
eries about reflexive behavior that anticipated
the findings of Sherrington. The following is
a description of one of his famous experi-
ments with frogs:

Cut off the head of a frog and place the decap-
itated animal on the table. For a few seconds it
seems to be completely paralyzed; but before a
minute has passed you see that it has recovered
and assumed the posture peculiar to the frog
when in a state of rest on dry land: its hind
legs are tucked under it and it supports itself
on the front legs like a dog. If you leave it
alone, or to be more precise, if you do not
touch its skin, it will remain motionless for a
very long time. But the moment you touch its
skin, it starts and then resumes its quiet pos-
ture. Pinch it somewhat stronger and it will, in
all likelihood, jump as if trying to escape from
pain. (1863/1965:6-7)

The above reflex actions (and many others)
do not require voluntary effort but result
from the wiring of nervous connections be-
tween sensory receptors, motor neurons, and
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interneurons (a simple neural relay system) lo-
cated in the brain stem and spinal cord.

Sherrington divided reflexive behavior
into two broad categories: phasic and tonic.
Phasic reflexes are those that occur quickly
with a brief response, such as the patellar re-
flex (knee jerk). Tonic reflexes are those that
involve sustained adjustments and equilibrat-
ing efforts over flexor/extensor dominance.
An interesting example of tonic reflex action
is thigmotaxis. Two instances of thigmotaxis
can be readily observed in dogs. Fearful dogs
tend to lean against their owner’s body or
may lay down on the ground as though
pushing into it. This reaction is called posi-
tive thigmotaxis and is a common tonic reflex
in fearful animals. Another example involves
a dog’s reaction to opposing pressure or force.
Whenever a dog’s body is pushed or pulled,
the dog tends to react reflexively by respond-
ing in an opposing direction to the direction
of the force applied to its body. Oppositional
reflexes enable dogs to maintain physical
equilibrium or to sustain a course of action
when exposed to opposition. An especially
common instance of this effect is seen when a
dog pulls during walks, a tendency that is
evoked by the owner’s habit of pulling against
the dog’s forward movement. Such reflexive
oppositional reactions explain why most
trainers recommend that the leash be held in
a slack manner and that the dog be corrected
with a snapping action rather than a slow
continuous pull.

Sherrington described several factors influ-
encing the elicitation of reflexive action:

Threshold refers to the minimum stimulus
intensity sufficient to elicit the reflex. A high
threshold means that a relatively strong stimu-
lus is needed to elicit a response, whereas a
low threshold suggests that a relatively weak
stimulus is needed to elicit a response. Alter-
ing response thresholds is an important part
of effective behavior modification, especially
involving emotional systems under the regu-
lation of reflexive mechanisms.

Latency refers to the duration from the
moment of stimulation to the onset of the re-
flexive action. Latency depends on the inten-
sity of the stimulus involved and on the
readiness of the animal to respond.

Irradiation refers to the tendency of an es-
pecially strong stimulus to elicit a generalized
reaction extending to surrounding or associ-
ated neural systems.

Reciprocal inbibition neural systems refers
to the tendency of elicited muscle actions to
inhibit the actions of an opposite type. The
elicitation of muscle reflexes involves three
possible actions: flexion, extension, or a tonic
combination of the two. Stimulating a group
of muscles to flex causes the simultaneous in-
hibition of opposing extensor muscles. The
concept of reciprocal inhibition was later
adopted by Wolpe (1958) to describe the ef-
fect of counterconditioning and the process
of systematic desensitization. Wolpe argued
that relaxation/appetite and anxiety/fear are
mutually exclusive affects that regulate each
other through a mechanism of reciprocal in-
hibition—that is dogs cannot simultaneously
feel anxious while relaxed or fearful while eat-
ing. The third characteristic of reciprocal in-
hibition (flexor/extensor tonic equilibrium) is
analogous to situations in which opposing
emotional alternatives are held in a stasis of
conflict between the available options.

Fatigue occurs when repeated elicitation of
a reflex action causes it to weaken or habitu-
ate. Habituation is the most basic form of
learning observed in all animals from humans
to sea snails.

Many basic biological functions are under
the control of reflexive mechanisms. Al-
though some reflexes can be influenced by
voluntary efforts, most reflexes occur auto-
matically, given the presence of a sufficiently
salient stimulus. For instance, one can resist
and possibly inhibit or slow the blink reflex
elicited by touching the eyelashes, but it is
much more difficult (if not impossible) to
control pupillary constriction in the presence
of bright light, stop salivation in the presence
of food, or inhibit heart rate acceleration
while in a fear-eliciting situation. Pavlov
(1927) discovered that these sorts of behav-
ioral and physiological events could be
brought under the control of normally neu-
tral stimuli through a conditioning process.
The basic procedure was carried out by pair-
ing the sound of a bell with the presentation
of food. After a number of such contiguous
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pairings between the neutral stimulus (bell)
and the unconditioned stimulus (food), the
previously neutral bell becomes a conditioned
stimulus that is able to elicit a conditioned re-
sponse—that is, a response that is similar to
the original or unconditioned response. As is
discussed in Chapter 6, classical conditioning is
an important tool in a trainer’s armamentarium
for managing and controlling dog behavior.

EXTRASENSORY PERCEPTION

Do dogs possess a sixth sense? Many authors
writing to a popular audience, among them
trainers, veterinarians, and behavioral consul-
tants, have suggested that dogs may use in-
formation derived from sources other than
the normal senses (Fox, 1972, 1981; Wood-
house, 1982; Vine, 1983; Campbell, 1986).
These beliefs have been reinforced in the
public’s mind by animal psychics claiming to
communicate with dogs telepathically and to
perform extraordinary feats, ranging from lo-
cating lost pets (both dead and alive) to diag-
nosing behavioral and medical problems by
psychically “talking” with the distressed ani-
mals. Such extraordinary abilities have not
been successfully demonstrated under con-
trolled laboratory conditions; nonetheless,
they are widely held to be real abilities and
supported by the testimonies of many satis-
fied customers. Some dog trainers, most no-
tably Woodhouse (1982), claim that a very
active telepathic linkage exists between
trainer and dog:

It is extraordinary how dogs pick up praise
straight from your brain almost before you
have time to put it into words. A dog’s mind is
so quick in picking up your thoughts that, as
you think them, they enter the dog’s mind si-
multaneously. I have great difficulty in this
matter in giving the owners commands in
class, for the dog obeys my thoughts before my
mouth has had a chance to give the owner the
command. (1982:72)

What makes such statements so difficult to
accept without a high degree of skepticism is
that such abilities would be so easy to con-
firm or disprove through a series of simple

experiments. If confirmed, a whole new vista
of human-animal communication would be
opened up, but to the best of my knowledge
such confirmation has not been obtained. Al-
though impressive anecdotal evidence has
been collected over the years, together with
some inconclusive scientific evidence (espe-
cially by J. B. Rhine and colleagues at Duke
University), overall the picture provides little
in the way of confident support for the exis-
tence of extrasensory activity. Nothing seems
very authoritative or conclusive about this lit-
erature, although defenders believe that it is
enough to “prove” the existence of such phe-
nomena (Bardens, 1987). Undoubtedly, sub-
tle links of communication exist between hu-
mans and animals that are not fully
understood, but these links are most proba-
bly examples of extraordinary senses and em-
pathetic exchange rather than extrasensory
mediation and arcane abilities.

Clever Hans

To study extrasensory perception (ESP) from
a scientific viewpoint, one must approach it
with the same methods and attitude used to
investigate natural phenomena. In essence,
this means that adequate experiments must
be devised to test the claims of persons at-
tributing events and experiences to paranor-
mal causation. Without such investigation,
no conclusions regarding such phenomena
can be legitimately drawn.

The story of Clever Hans (Pfungst,
1911/1965) provides an edifying backdrop
for appreciating the need for safeguards and a
scientific method when studying such phe-
nomena. Hans, a Russian trotting horse, be-
longed to Wilhelm von Osten, a retired Ger-
man schoolteacher and amateur horse trainer.
Von Osten appears to have honestly believed
that he had discovered a training method for
instructing animals to communicate on a
more sophisticated level with humans. He
was able to convince many critical observers
of the legitimacy of his horse’s extraordinary
ability to tap out answers with his hoof to
mathematical problems, and to respond to
other questions posed to him. This latter feat
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was accomplished by von Osten assigning
numerical values to letters, with which Hans
could spell words by tapping out their nu-
merical equivalence.

Hans’s fantastic abilities were received
with far-reaching international astonishment
and interest. Various explanations were pro-
posed to explain the horse’s amazing abilities.
Taken together, these accounts form a virtual
monument to Ockham’s razor (Entia non
sunt multiplicanda praeter necessitatem: Enti-
ties are not to be multiplied beyond neces-
sity) and the law of parsimony. These ac-
counts ranged from trickery on the owner’s
part to telepathy. One of the scientific inves-
tigators of the Clever Hans phenomenon was
O. Pfungst (1911/1965), who reported his
observations in a book devoted to the sub-
ject. He described several of these theories,
including one posited by a researcher (he
refers to as a “natural philosopher”) who
wrote, “On the basis of most careful control,
I have come to the conclusion, that the brain
of the horse receives the thought waves which
radiate from the brain of his master; for men-
tal work is, according to the judgment of sci-
ence, physical work” (1911/1965:28-29).
This rather absurd concatenation of pseudo-
science and mysticism echoes some of the
current ways unexplained phenomena are ex-
plained in paranormal terms. The mystery of
Clever Hans was finally solved when Pfungst
demonstrated that the horse was actually re-
sponding to subtle cues emanating from his
owner that told him when to stop tapping,.
The cues involved were slight and subtle up-
ward head movements, barely perceptible up-
ward movements of the eyebrows, and the
flaring of the owner’s nostrils. The size of the
movements were estimated to be on the order
of less than a millimeter and, in some in-
stances, a mere deflection of one-fifth of a
millimeter was accurately responded to by
the horse.

Nora, Roger, and Fellow:
Extraordinary Dogs

As Hans’s fame spread through Europe, two
dogs—Nora and Roger—also appeared on

the scene, exhibiting fantastic abilities similar
to those of Hans. Nora, a spaniel type, be-
longed to Emilio Rendich (an artist). After
observing von Osten and Hans in action, the
observant painter noted that von Osten con-
stantly watched Hans’s hoof tapping, while
Hans, for his part, constantly observed his
trainer. He surmised, like Pfungst, that Hans
was responding to subtle cues emanating
from his trainer: in particular, forward-lean-
ing and backward-leaning movements. Also,
Rendich believed that Hans had learned,
more importantly, when to stop tapping
rather than when to start. To test these hy-
potheses, using subtle forward and backward
body movements as signals, he set out to
train Nora (sometime before 1905) to paw
and to stop pawing on cue. Reportedly, Nora
could perform many of the same feats that
Clever Hans exhibited (Candland, 1993).

In 1907, Century Magazine published an
article titled “A Record of a Remarkable
Dog,” which was written about a dog named
Roger under the pseudonym of B.B.E. Roger,
a 3- to 4-year-old spaniel mix, came into
B.B.E.’s possession with a history of trouble
and problems. Before being adopted by
B.B.E., Roger had been rejected from two
previous homes as an “impossible” puppy.
Withdrawn and depressed, Roger had appar-
ently received some abusive treatment, but
after 3 months of gentle handling, he gradu-
ally emerged and slowly began to exhibit an
increased interest, attentiveness, and trust to-
ward his new owner and surroundings. As his
confidence improved, B.B.E. commenced ef-
forts to educate him, starting with simple
parlor tricks and progressing to more elabo-
rate objectives as the dog’s ability permitted.
Roger proved to be a very intelligent and
willing learner. For example, B.B.E. was able
teach Roger to pick up individual playing
cards from a pile of eight cards laid out in
front of him. His method was crude but ef-
fective. He simply grasped Roger’s paw and
placed it over the selected card and then re-
peated its type and suit—for example, “That
is the ace of clubs, Roger—ace of clubs.”
This was repeated four or five times. Roger
was then given a cookie as a reward for his
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cooperation. Gradually, Roger learned to vol-
untarily place his paw on the selected card for
which he would receive a treat.

B.B.E. carried out these training activities
daily for 10-minute periods over 2 months.
In the beginning, the correct card was kept in
the same position, but as Roger’s skills im-
proved, it was placed in random locations rel-
ative to the other eight cards. After an addi-
tional month of training, Roger was taught
to locate another card—this time, the ace of
hearts. However, to B.B.E.’s amazement,
Roger learned this new card trick after only a
single trial of training. Subsequently, Roger
learned to locate all eight cards in rapid suc-
cession, apparently having acquired a “learn-
ing set” that made variations of the task pro-
gressively more easy to learn. The next
training goal was to teach Roger how to spell
his name. This task was accomplished by
placing Roger’s paw sequentially on the vari-
ous cards spelling out his name. Each trial
was followed by the appropriate command
“Where is the first letter?” and then “Where
is the second?” and so on. Amazingly, Roger
learned to spell his name within five or six
sessions. B.B.E. also taught Roger how to add
every combination of 2 up to 12. For exam-
ple, B.B.E. would command “Show me 2 +
6” and would then place Roger’s foot on the
correct card containing the number 8. B.B.E.
commented that Roger at this point in his
education seemed never to forget, even after a
single exposure. Finally, B.B.E. discovered to
his great astonishment that Roger could spell
“dog” and could even translate it into Ger-
man (hund) and French (chien)—tasks that
he had learned with no previous training!

B.B.E. performed a series of experiments
to determine how Roger was performing
these incredible feats of learning. In one of
these experiments, he instructed Roger to add
2 + 3; however, instead of looking at the cor-
rect card, he looked at another card with the
number 8 drawn on it. As he expected, Roger
placed his foot on the card marked 8 instead
of the one marked with the number 5.

B.B.E. erroneously inferred from the evi-
dence that Roger was responding to a visual
image produced in his mind. He conjectured
that this visual image was somehow uncon-
sciously transmitted to the telepathically re-

ceptive dog: “All the time when he seemed to
be learning rapidly, he had been simply get-
ting the cards of which I thought” (B.B.E.,
1907/1908:601). B.B.E. adopted the now fa-
miliar ESP explanation for his dog’s remark-
able abilities, speculating that he had tapped
some previously unappreciated channel of in-
terspecies communication with Roger:

May it not be possible that between our minds
and the minds of the lower animals there is a
deep and quite subtle connection which may
yet be explained in the future, but only by the
use of the utmost sympathy and love?

(1907/1908:602)

Century Magazine asked R. M. Yerkes of
Harvard University to investigate. During
Yerkes’s initial observations of B.B.E. and
Roger, he was unable to detect any obvious
signals coming from B.B.E. that might ex-
plain the dog’s extraordinary abilities. On a
later occasion, however, following a 6-week
separation between B.B.E. and Roger, Yerkes
observed that B.B.E. did, in fact, provide
Roger with subtle guidance. These move-
ments were made more evident since Roger
had been out of practice and apparently
needed extra help. However, Yerkes
(1907/1908) noted that “these movements
were not readily seen by the observer when
Roger is in practice and does his best. It is
highly probable that the dog’s visual sensitive-
ness to movement is greater than ours.”

Another dog that attracted considerable
fame and notoriety as the result of his re-
markable learning abilities was a German
shepherd named Fellow (Warden and
Warner, 1928). The dog was owned and
trained by J. Herbert, an avid fancier and
breeder. Fellow appeared in a number of
movies, playing the typical roles assigned to
dogs during the 1920s. What made Fellow
special among dogs was his reputed ability to
understand over 400 different words, forming
definite associations between them and spe-
cific objects, places, and actions. According
to Warden and Warner, Herbert made no ex-
traordinary claims about the possible opera-
tion of higher reasoning powers or extrasen-
sory abilities underlying Fellow’s proficiency
at understanding commands. In fact, it was
Herbert who contacted Warden and
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Warner—both psychologists at Columbia
University—to evaluate the extent of Fellow’s
accomplishments. The researchers conducted
a number of tests with Fellow, concluding
that he did possess most of the abilities at-
tributed to him by his owner. In one series of
tests, the experimenters and Herbert con-
cealed themselves behind a screen from where
commands were issued to Fellow. Even under
such difficult conditions, the dog was still
able to respond accurately to over 50 verbal
commands of the type “Sit,” “Down,” “Take
a walk,” and “Step back.” Although these so-
called type I responses were readily per-
formed by Fellow, other commands that re-
quired him to move toward some specific
place or object—type II responses—were per-
formed much more poorly and hesitatingly
under such conditions. They observed that
Fellow made few mistakes performing type II
tasks (e.g., “Jump on the table,” “Go and
look out the window,” and “Put your head
on the chair”) as long as he remained in full
view of Herbert. However, when signaled to
perform these same tasks from behind the
screen, he made many more errors. Conse-
quently, Warden and Warner performed an
additional experiment to isolate the pertinent
visual cues influencing Fellow’s performance:

It was now decided to make a deliberate at-
tempt to confuse the dog, by having Mr. Her-
bert come from behind the screen and issue
the commands, at the same time looking away
from the place or object which the dog was
supposed to approach in performing, with the
following result:

1. “Go put your head on the chair’—dog
jumps up on table at which Herbert is look-
ing.

2. “Jump over the chair, good dog”—dog goes
over to window at which Herbert is look-
ing.

3. “Go over to the door”—approaches table at
which Herbert is looking.

4. “Go over to the door, now I say”—goes to
window slowly, toward which Herbert has
turned.

5. “Go take a walk around the room”—dog
goes to door at which Herbert is looking.

Mr. Herbert was then blindfolded and the test
repeated to see whether Fellow got his cue

from watching his master’s eyes or from the
general orientation of head and body. Similar
results were now obtained showing that the lat-
ter factor is most likely the important one.
(Warden and Warner, 1928:22-23)

These various tests and experiments con-
firmed that Fellow had attained an extraordi-
nary ability to understand and respond to a
variety of verbal and gestural cues. However,
the most important question remains unan-
swered—How? According to Herbert, Fel-
low’s successful training resulted from a regu-
lar practice of speaking to him “constantly
almost from birth” onward in the manner of
a parent to a child. Herbert claimed to have
refrained from the use of corporal punish-
ment, and only occasionally scolded Fellow
when discipline was necessary. Unfortunately,
little more was written about Herbert’s ac-
complishment as a trainer and the finer de-
tails of his methodology.

Although the foregoing examples may lack
the mystery and excitement of ESP, such ex-
traordinary perceptual and learning abilities
are of tremendous significance in themselves
for an appreciation of the dog’s perceptual
abilities and the dog’s relationship with hu-
mans. In all of the aforementioned cases in-
volving extraordinary abilities, one factor
seems to stand out above all others—the im-
portance of close familiarity between the per-
forming animal and human trainer. Hediger
(1981), for example, argued persuasively in
this regard that the crucial factor in Clever
Hans’s success was the high degree of famil-
farity existing between him and his trainer
von Osten. Without the medium of intimate
familiarity, unconscious gestures of such re-
finement as those employed by von Osten
would never have been observed by the
horse. Clearly, Hans’s ability to read the un-
intentional cues of his trainer was an inadver-
tent outcome of the close relationship result-
ing from the training process itself and not
dependent on extraordinary abilities or
telepathy. Likewise, in the cases of Nora and
Roger, a high degree of familiarity and affec-
tion was also evident, with B.B.E.s revealing
attribution of “sympathy and love” serving as
a testimonial to the relevance of such factors
in the development of remarkable animals.
Finally, Herbert’s method for instructing Fel-
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low depended on close interaction and inti-
mate communication between himself and
the dog. These observations emphasize the
relevance of enhanced affection, communica-
tion, and trust in the training process. With-
out such familiarity and affection-informing
training activities, both dogs and trainers suf-
fer a great loss. The dogs, on the one hand,
will likely never reach their full potential and,
on the other, the trainers are cheated of the
full range of benefits and joy derived from af-
fectionate companionship with dogs.

Extrasensory or Extrasensitive?

Although not all psychic phenomena can be
explained by appealing to familiarity, inti-
macy, and affection; undoubtedly such fac-
tors do play a role in some forms of “tele-
pathic” communication between intimate
friends or human-animal companions in
which the parties appear to know what each
other is privately thinking or feeling without
actually needing to communicate it directly.
However, such connectedness may not de-
pend so much on exzrasensory abilities as it
does on extrasensitive abilities. Many exam-
ples of animal ESP (e.g., amazing tales of psi
trailing, anticipating important events like
earthquakes before they occur, and experienc-
ing the distress of a loved one suffering at a
remote location) have been noted and dis-
cussed in various contexts, but to my knowl-
edge none have fared very well under scien-
tific scrutiny. Even though some experts in
the field have expressed affirmative opinions
concerning the possible existence of psychic
phenomena, it remains a highly speculative
area needful of much more research. Obvi-
ously, the many questions regarding ESP and
animals are not going to be answered without
such study. In the meanwhile, perhaps, the
best one can do is maintain an open but crit-
ical mind with regard to such claims and
phenomena.

Finally, it should be noted that at least
some “paranormal” phenomena may be the
result of sensory abilities not yet identified.
For example, bats use echolocation to navi-
gate around objects in their flight path and to
locate prey insects, but before Griffin’s dis-
coveries concerning how this process actually

worked, it remained unknown and liable to
unprofitable speculation. The echolocating
apparatus is incredibly sensitive. Even under
conditions of pitch darkness, bats can recog-
nize prey insects from similar nonprey insects
on the basis of shape differences derived from
echo information alone. Humans, too, can
derive significant information from echoed
sounds:

Blind people, and blindfolded volunteers who
have had considerable practice, can detect and
classify objects in their vicinity by emitting au-
dible sounds and hearing subtle differences de-
pending on the presence of the object. But, cu-
riously enough, many of the most proficient do
not consciously recognize that they are accom-
plishing this by the sense of hearing. Instead
they report that they simply feel that some-
thing is out there, and a common term for this
ability is “facial vision.” ... Nevertheless the
feeling and the alleged “vision” cease almost
totally if they can make no sounds or if their

hearing is blocked. (Griffin, 1992:238)

It is not hard to see how these abilities could
be wrongly interpreted as being the result of
paranormal causation by persons wishing to
interpret them as such. In addition to echolo-
cation, many similar examples can be cited
that testify to the phenomenal and varied
sensory abilities of animals, including the fas-
cinating dances of bees described by von
Frisch, the remarkable migratory journeys of
animals navigated by electromagnetic infor-
mation, the infrared-radiation-sensing abili-
ties of snakes, the electricity-sensing ability of
some fishes, and the olfactory sensitivity of
moths—many of these abilities might have
been (and were) considered extrasensory 50
years ago and accounted for by various super-
natural explanations instead of being recog-
nized as belonging to the animal’s special sen-
sory accoutrements (Rhine and Pratt, 1957).
Perhaps dogs do possess some not fully
understood extrasensory ability, but only sci-
entific research will answer the question de-
finitively one way or the other. Actually, all of
the canine senses are capable of extraordinary
sensitivity and incredible feats without resort-
ing to extrasensory help. Besides the quality
of the dog’s inherited sensory abilities, ulti-
mately the most influential factor in the actu-
alization (or degeneration) of the dog’s sen-
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sory and mental capacities is experience. Sen-
sory abilities are both dynamic and conserva-
tive. Although they appear to remain the
same from day to day, they actually change
under the demands made upon them. These
various changes are often slow and impercep-
tible, but changes do occur, educating the
dog to see, hear, smell, taste, touch, and to
move about with precise coordinated move-
ments. The mind of the dog obtains a clear
awareness of the environment through the ef-
fortful exercise and training of the senses.
The refinement of sensory acuity and intelli-
gence depends on these actualizing influences
and the organizing functions provided by
daily training and practice. Some experiences
reported by scientific observers, though, sim-
ply cannot be so neatly explained, so I offer
the following anecdote provided by Worden
to remind the reader that the book is not yet
closed on the issue of extrasensory perception
in dogs:

Belief in the popularly termed “sixth sense” of
the dog is widespread, and one is always com-
ing across almost incredible stories—told usu-
ally in an attempt to demonstrate the dog’s
“intelligence”. It must be conceded that we
have not as yet adequate explanations of hom-
ing behaviour or of many other surprising ca-
nine feats. I can add one bonafide case, in a
Scottish terrier, Sheila, who was devoted to me
and who remained with my parents at East
Barnet from 1940 onwards, when she was
seven years old, while I was working at Cam-
bridge. As often as I could—but sometimes at
intervals of some weeks—1I would return
home, or call in on my way to London, but
my visits were usually unannounced, at differ-
ent times of the day, and by any of a consider-
able number of local trains with which I had
connected at Hatfield. Yet almost invariably
Sheila would rise in pleasurable anticipation
when the particular train bearing me was
heard, some half a mile away, approaching the
local station, and thereby inform my mother of
my coming. There were over thirty stopping
trains a day traveling in that direction.

(1959:973)
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Biological and Dispositional

Constraints on Learning

At every moment an animal’s sense organs are being bombarded by physical energy in

many forms. To this chiaroscuro it responds selectively. The selectivity in its respon-

siveness must influence what it can learn.

R. A. HINDE AND J. STEVENSON-HINDE Constraints on Learning (1973)
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THE EPIGENESIS of behavior is guided by
a complex mix of innate and experiential
factors. The evolved sensory and neurobio-

logical organization exhibited by dogs predis-

pose them to behave in unique species-typical
ways. Although biology contributes a great
deal to the way dogs behave and how they
adapt to the environment, without the nur-
turing influence of experience and learning,
this innate potential would remain dormant
and unactualized.

NATURE VERSUS NURTURE

The relative importance of biology (nature)
versus experience (nurture) for the organiza-
tion of behavior is the central issue fueling
the nature-nurture controversy. This circular
(and somewhat self-serving) dispute is main-
tained, on the one hand, by proponents of
nature (often ethologists), who emphasize the
importance of evolution and phylogenesis.
On the other hand, proponents of nurture
(usually behaviorists) underscore the ultimate
importance of experience and learning. Obvi-
ously, both sides of the debate are partly
right, with both genes and experience con-
tributing to the development of behavior.
However, to compare the relative importance
of the two factors separately is analogous to
asking whether hydrogen or oxygen is more
important in the makeup of water. In the
words of Lorenz, “any attempt to separate
phylogenetically and individually adapted
characters and properties of behavior, either
conceptually or in the course of practical ex-
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periments, must necessarily be considered as
hopeless and devoid of sense, as any trait of
behavior, however minute, is automatically
regarded, on principle, as being influenced by
both factors achieving adaptation” (1965:5).
The fact is that it takes both hydrogen and
oxygen to make water. Without hydrogen
there is no water and, likewise, without oxy-
gen there is no water. A similar interdepen-
dent relationship holds between the influence
of nature and nurture in the ontogeny of be-
havior. The important issue at stake here is
not the relative dominance of one factor over
the other but the dynamic interplay of the
two in developing animals. Genes per se do
not impact directly on behavior, just as be-
havior per se does not impact on genes.
Genes exercise an indirect influence on be-
havior by regulating the operation of bio-
chemical mechanisms underlying the expres-
sion of behavior. Conversely, although genes
cannot be directly affected by experience, the
expression of genes and the biochemical sub-
strates that they regulate can be influenced by
behavior and experience.

A dog’s behavior is the outcome of a de-

GENOME

velopmental process (epigenesis) in which in-
herited genotypic characteristics interface
with and adapt to the surrounding environ-
ment, thereby expressing the dog’s behavioral
phenotype (Fig. 5.1). Behavioral and biologi-
cal development take place within a context
of inherited constraints, sufficiently variable
to allow for change according to the necessity
dictated by an animal’s unique experience
and interaction with the environment. This
adjustment to the demands of the physical
and social environment depends on learning,
but learning is possible only to the extent
that an animal is genetically prepared to
learn. Further, the organization of behavior
itself is genetically programmed to be flexible
and variable but only within definite limits.
Survival depends on an animal learning from
past experiences, adjusting its behavior ap-
propriately to current circumstances, and
forming reliable predictions about similar sit-
uations in the future. In essence, biology and
genetics define the limits of how and what an
animal learns, whereas experience dictates the
moment-to-moment direction of these be-
havioral changes.

EPIGENESIS

ENVIRONMENT

BEHAVIOR

Control
Prediction

FI1G. 5.1. The dog’s development occurs under the influence of a complex set of biological and experiential

factors.
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INSTINCTS, “FIXED” ACTION
PATTERNS, AND FUNCTIONAL SYSTEMS

The experimental study of animal behavior
has produced great strides in our understand-
ing of how animals learn. Unfortunately,
however, the majority of this research has
been confined to a narrow range of animal
species (especially pigeons and rats) and lim-
ited to an arbitrary set of behaviors (e.g.,
maze learning, key pecking, lever pressing,
and various other simple behaviors). Al-
though the scientific productivity of such
concentration is undeniable, over the years it
has become increasingly evident that such in-
vestigation has failed in many important re-
spects. Early on, Beach (1950/1971) criti-
cized several aspects of this situation. He
expressed strong reservations about the exces-
sive reliance on rats as experimental animals
and the rather exclusive experimental focus
on learning and conditioning phenomena.
He argued that the scientific study of animal
behavior was at risk of becoming dangerously
narrow and specialized—a psychology of pi-
geons and rats “which may or may not apply
to other species and other situations”
(1950/1971:12). He observed that such stud-
ies far outnumbered and overshadowed the
investigation of other important areas of ani-
mal behavior research. According to Beach,
an area of research that has suffered the most
from this overconcentration is instinct:

Another very important disadvantage of the
present method in animal studies is that be-
cause of their preoccupation with a few species
and a few types of behavior, psychologists are
led to neglect many complex patterns of re-
sponse that stand in urgent need of systematic
analysis. The best example of this tendency is
seen in the current attitude toward so-called
“instinctive” behavior. ... The growing empha-
sis upon learning has produced a complemen-
tary reduction in the amount of study devoted
to what is generally referred to as “unlearned
behavior.” ... Data relevant to all but a few
“unlearned” reactions are too scanty to permit
any definite conclusion concerning the role of
experience in the shaping of the response. And
those few cases in which an exhaustive analysis
has been attempted show that the development
of the behavior under scrutiny is usually more

complicated than a superficial examination

could possibly indicate (1950/1971:12).

Although pigeons and rodents remain the
most common animals studied in laborato-
ries, since Beach’s admonitory address the
learning ability of many other species has
been investigated (Bitterman, 1988; Krasne
and Glanzman, 1995).

The importance of instinctual mecha-
nisms and species-typical action patterns
should not be overlooked in the analysis of
behavior and understanding its motivation.
Among other things, instincts preserve ge-
netic information about an animal’s biobe-
havioral past. Nature is conservative and un-
der natural circumstances many biological
constraints and pressures are maintained
from generation to generation in the interac-
tion between animals and the environment.
These constants have resulted in the gradual
genetic codification of vital biological infor-
mation produced by the interaction of an an-
imal species with the surrounding environ-
ment over the course of its evolution.
Although behavior itself is not directly en-
coded in an animal’s genome, various genetic
instructions are orchestrated by the genome
that provide the biological substrate for the
expression of species-typical behavior.

An instinctive mechanism that has drawn
a tremendous amount of attention is the
fixed action pattern (FAP). Complex and reg-
ular patterns of stereotypic behavior, not de-
pendent on learning for their expression, are
referred to as fixed action patterns. Although
some disagreement exists regarding just how
“fixed” such motor patterns are, the concept
is a useful one for understanding many more
or less unlearned features of dog behavior. Al-
though FAPs are instinctive, instincts are not
identical with FAPs. For example, maternal
care in dogs is not an FAD, yet certain com-
ponents of maternal care are innately pro-
grammed FAPs. Thus, immediately after
birth, the mother removes the allantoic sac
and severs the umbilical cord with her carnas-
sial teeth—this behavior is highly stereotypic
from puppy to puppy. The puppy is licked
dry and the umbilical cord cut shorter if nec-
essary. Such licking and stimulation elicits
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various muscular reflexes and breathing. An-
other maternal FAP is the mother’s stimula-
tion of elimination. Newborn puppies are
unable to eliminate voluntarily for about the
first 2 weeks of life, thus requiring that the
mother elicit elimination by licking the
anogenital area and ingesting the neonate’s
excreta. The exact signs or releasing stimuli
controlling these two epimeletic (care-giving)
patterns are not known. Likewise, not all of
the components involved in the dog’s sexual
behavior can be characterized as FAPs, but
some sequences are FAPs. For instance, the
female’s practice of averting her tail to one
side before intromission or the male’s action
of clasping and thrusting are FAPs. These ac-
tions are stereotypic and hardwired motor
programs mediated by specific innate releas-
ing mechanisms (IRMs).

FAPs depend on an inner readiness (ap-
petitive, emotional, and hormonal) for ac-
tion, a releasing or sign stimulus of sufficient
strength to trigger the IRM, and the excita-
tion of an appropriate motor program. Al-
though experience and learning modify to
some extent most instinctive behavior pat-
terns, the general form and expression of an
FAP is innately programmed and not subject
to learning. It is useful to divide FAPs into
two distinct components: appetitive and con-
summatory. Among animals of the same
species, appetitive patterns of behavior may
vary greatly, but the manner in which they
consummate drive-directed behavior is uni-
form and stereotypic from individual to indi-
vidual. However, an FAP’s evocation is sub-
ject to change depending on an animal’s
accumulating readiness to act or, what Lorenz
has termed, the ever-changing action-specific
potential (ASP). Animals under a high moti-
vational influence tend to respond to a mini-
mum sign or releaser stimulus, whereas ani-
mals under a low ASP may require a
correspondingly stronger releaser to evoke the
appropriate FAP. Animals under a high level
of “drive energy” may spontaneously dis-
charge an FAP without appropriate stimula-
tion. These spontaneous FAP discharges are
referred to as vacuum activities. Lorenz views
the canine custom of urinary scent marking
as a good example illustrating these various
motivational features underlying the FAP:

The motor patterns of urination performed by
a male dog show all the phenomena here under
discussion. A very strong releasing stimulus sit-
uation, such as the smell of a rival’s mark in
the dog’s own territory, will cause him to lift
his leg even when the amount of urine at his
disposal is, at the moment, negligible. Even
under the pressure of a much higher urinating
potential, the dog will still look for releasing
stimulus situations, such as upright objects,
preferably on exposed corners, at which to lift
his leg. Under extreme internal pressure he will
forgo every external stimulation and even for-
get the conditioned inhibition of house train-
ing and urinate on the carpet—in this pitiable
situation usually without even lifting his leg.

(1982:186)

In addition to elimination, urinary behav-
ior patterns serve many important social and
reproductive functions—imperatives belong-
ing specifically to the species. Given the pres-
ence of an appropriate releasing stimulus (a
scent post overmarked by a strange dog), an
intact adult male dog will readily mark with a
distinctive leg-lifting movement. This move-
ment does not depend on learning to occur
but is mediated by a genetically encoded
IRM, hormonal influences, and specific re-
leasing stimuli (perhaps a pheromone) im-
pinging on the dog from the environment.
The autonomous character of this behavior
makes its initial expression almost comical in
effect. Many young dogs when first discover-
ing this new ability may hop along with head
cocked around curiously observing the per-
plexing action happening to them. The leg-
lifting movement does not appear to be an
action that they voluntary choose to express,
but rather one that comes over them under
the right set of circumstances. As is character-
istic of many fixed action sequences, it is very
hard to train a dog to lift its leg on com-
mand, even though the dog may perform the
action many times a day. The resistance of leg
lifting to voluntary control supports the view
that it is an instinctive response controlled at
a primitive level of neural organization. This
points to an important criterion of the FAP:
that its occurrence is spontaneous and not
subject to learning (or much learning) for its
display. Although the FAP is not dependent
on learning for its appearance, it is not en-
tirely independent of the actualizing influ-
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ence of experience either. Without an experi-
ential context or field of action the FAP will
remain in a dormant and potential state.

INSTINCTUAL LEARNING

The historical antagonism between ethology
and behaviorism was based to a large extent
on the relative importance each discipline
placed on the role of learning in the develop-
ment of behavior. This opposition was em-
bodied in the careers and theoretical orienta-
tions of B. E Skinner (1974) and Konrad
Lorenz (1982). Skinner emphasized the im-
portance of experimental analysis and learn-
ing as they occur under controlled laboratory
conditions. Lorenz, on the other hand,
downplayed the importance of experimenta-
tion and stressed instead direct observation of
animal behavior occurring within its natural
setting. Whereas behaviorists believed that
behavior could be best explained in terms of
learning, ethologists objected to this narrow
focus and emphasized the significance of phy-
logenetic or biological contributions govern-
ing behavior. Both of these positions have
turned out to be excessively exclusionary and
doctrinaire. Certainly, the behavior of many
animals is guided by instinctual mechanisms
and various programmed motor patterns, but
these innate contributions are not necessarily
rigid nor entirely outside of the influence of
learning. Further, in conjunction with an ani-
mal’s biological endowment, learning itself is
an evolutionary adaptation that determines
(in terms of general potential) what animals
will learn and how they will learn it. Some
adaptations are learned readily, some slowly,
and some not at all.

William James defined instinct “as the fac-
ulty of acting in such a way as to produce
certain ends, without foresight of the ends,
and without previous education in the per-
formance” (1890/1950:383). According to
James, instinctive behavior consists of reflexes
and impulses linked together to form compli-
cated behavior patterns and tendencies. Al-
though many behavioral adjustments to the
environment are biologically encoded as pre-
dispositions or even imperatives to action,
such instinctive impulses are not entirely im-
mune to the influence of experience. For ex-

ample, in the case of animals possessing a
well-developed memory, the first expression
of an instinctive behavior may be a sponta-
neous response occurring without much pur-
pose, but subsequent displays will be progres-
sively influenced by experience and the effect
of learning. The behavior is still instinctive
but is now expressed under the additional in-
fluence of some expectation of producing a
result (Thorpe, 1956/1966).

Unlike many of his contemporaries, James
did not believe that instincts were regulated
by rational self-control—at least directly:
“Reason, per se, can inhibit no impulses; the
only thing that can neutralize an impulse is
an impulse the other way” (1890/1950:393).
In other words, instincts are regulated by the
operations of other instincts. However,
through inferences derived from experience,
an animal may learn how to control impul-
sive behavior indirectly by evoking opposing
impulses to block its expression. For example,
the impulse to act aggressively is not inhib-
ited by a dog’s exercise of better judgment,
but through the simultaneous evocation of
opposing instincts like fear of reprisal or af-
fection for the object of anger. Fear is not
overcome by telling oneself that there is
nothing to fear, but by evoking opposing im-
pulses to fear like relaxation or appetitive
arousal.

Seligman and Hager described the rela-
tionship between learning and instinct in
terms of a continuity in which “learning’ is
continuous with ‘instinct’”” (1972:5), whereas
Kuo employed a much more colorful termi-
nology when referring to this functional rela-
tionship: “like one of a pair of inseparable,
monstrous Siamese twins with one side of the
body in common from head to toe, the term
learning cannot by redefinition be detached
from the concept of instinct” (1967:140).
Long ago, David Hume eloquently character-
ized the close relationship between learning
and instinct, while emphasizing the similari-
ties existing between humans and animals
with regard to the way each benefits from ex-
perience and observation:

When we have lived any time, and have been
accustomed to the uniformity of nature, we ac-
quire a general habit, by which we always
transfer the known to the unknown, and con-



172 CHAPTER FIVE

ceive the latter to resemble the former. By
means of this general habitual principle, we re-
gard even one experiment as the foundation of
reasoning, and expect a similar event with
some degree of certainty, where the experiment
has been made accurately and free from all for-
eign circumstances. It is therefore considered as
a matter of great importance to observe the
consequences of things. ... But though animals
learn many parts of their knowledge from ob-
servation, there are also many parts of it,
which they derive from the original hand of
nature; which much exceed the share of capac-
ity they possess on ordinary occasions; and in
which they improve, little or nothing, by the
longest practice and experience. These we de-
nominate instincts, and are so apt to admire as
something very extraordinary, and inexplicable
by all the disquisitions of human understand-
ing. But our wonder will, perhaps, cease or di-
minish, when we consider, that the experimen-
tal reasoning itself, which we possess in
common with beasts, and on which the whole
conduct of life depends, is nothing but a
species of instinct or mechanical power, that
acts in us unknown to ourselves; and in its
chief operations, is not directed by any such re-
lations or comparisons of ideas, as are the
proper objects of our intellectual faculties.
Though the instinct be different, yet still it is
an instinct, which teaches a man to avoid the
fire; as much as that, which teaches a bird,
with such exactness, the art of incubation, and
the whole economy and order of its nursery.

(1748/1988:99)

Dancing Bees

Even among insects, learning serves many
adaptive functions. Von Frisch (1953)
demonstrated the importance of learning for
the bee’s adaptation and success as a species.
He observed, for example, that individual
bees are typically flower constant, that is,
they tend to forage on a single kind of flower
rather than sampling many different types.
This aspect of bee foraging is of great benefit
to flowers, which depend on bees for pollina-
tion. If bees moved haphazardly from one
flower species to another, they would not be
a very efficient vehicle for the distribution of
pollen between flowers of the same species.
Von Frisch found that such constancy also
provided bees with an important advantage.

Each flower species poses special problems for
bees with regard to the harvesting of nectar.
It may take as many as five or six visits before
a bee can easily find and harvest the nectar.
The harvesting of nectar is an acquired skill
that is mastered by practice. By specializing
on one flower, a bee learns how to procure
the hidden nectar inside most effectively
without wasting time.

Next, von Frisch asked, how do bees dis-
criminate the right flowers from all the rest
competing for their attention? According to
his experiments, bees acquire the ability to
recognize the right flower through associative
learning processes mediated by the senses of
smell and sight. In one experiment, bees were
fed sugar water while being exposed to the
odor of bitter orange. After a number of vis-
its, the bees showed a strong preference for
the odor. Von Frisch next performed an ex-
periment in which the odor was placed inside
a box with a hole drilled into it so that the
bees could freely enter. The box with the pre-
ferred scent was lined up with several other
boxes, so that the bees had to choose the cor-
rect one containing bitter orange and sugar
water from many other scents vying for at-
tention. He found that the bees were able to
discriminate the scent of bitter orange from
over a dozen odors placed inside the other
boxes.

To test the role of sight in this lower se-
lection process, he performed another series
of experiments. First, the bees were fed sugar
water in a blue box scented with the oil of
jasmine. The bees quickly learn to go to the
blue box in search of sugar. Subsequently, he
removed the sugar water and jasmine scent
and placed it into an uncolored box located
some distance from the blue one. The bees,
again, oriented toward the blue box while in
flight. However, upon discovering that the
scent of jasmine was not present, they did
not enter but searched the other boxes for the
preferred scent of jasmine. When they finally
found the scented box, they entered without
hesitation. From these experiments, he con-
cluded that bees use sight to locate a prospec-
tive flower from a distance but use smell to
confirm that it is the correct one before
alighting on it to forage. Other studies have
shown that bees also estimate the availability
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of food according to a time reference (Gallis-
tel, 1990). An interesting example of how bee
learning forms coherent sets or learning units
was discovered while studying the bee’s abil-
ity to time access to food. In one experiment,
bees were fed unscented food, except for a
brief half-hour period each day. Subsequent
tests showed that bees chose unscented food
over scented food, except during that same
half-hour period. Not only are color, scent,
and time learned as a set but add also shape,
landmarks, and locality—if one element is
changed, the entire set must be relearned.
Even more extraordinary feats of learning and
communication are found in the bee’s dances.
Such dances give other foraging hive mem-
bers specific information about the location
(direction and distance) of food resources.
Excellent secondary information concerning
this behavior can be found in Gould (1982)
and Griffin (1981).

The way that bees learn is rigidly pro-
grammed. As just noted, bees can quickly
learn to associate a specific color and odor
with food, but how they learn this sort of
discrimination is strictly defined. Gould
(1979) reviewed bee research that showed
that bees associate color with food for only a
brief 2-second moment just before landing
and learn landmarks associated with the
food’s location only as they fly away. Further,
finding its way back to the hive depends on
highly programmed learning. The bee ap-
pears to learn significant landmarks associ-
ated with the hive on the first departure each
day. If the hive is moved a few feet from its
original location, returning bees exhibit great
confusion and disorientation. However, if the
hive is moved several miles overnight, the
bees have no problem in learning the new lo-
cation and finding their way home, so long as
it remains in the same place after the first de-
parture of the day:

Learning, for the bee, has thus become special-
ized to the extent that specific cues are learned
only at specific times—and then only in spe-
cific contexts. In fact, the learning programs of
bees are even more specialized than that: al-
though the insects acquire each bit of knowl-
edge separately and at a different rate, once ac-
quired, their knowledge forms a part of a
coherent and holistic set, that is, a unit that

cannot be reduced to discrete component ele-

ments. (Gould, 1979:71)

Digging Wasps

The digger wasp also exhibits some rather ex-
traordinary instinctive learning abilities. This
particular wasp carefully prepares a burrow
into which she deposits an insect or caterpil-
lar that has been paralyzed by her sting. The
wasp then deposits an egg on the host. When
the egg hatches, the new larva feeds on the
bee or caterpillar. One species of the digger
wasp, Ammophia pubescent, exhibits incredi-
ble programmed learning and memory abili-
ties. This particular wasp species provides
provisions for as many as a dozen burrows
containing young at various stages of devel-
opment and nutritional needs. The wasp in-
spects each burrow and makes an inventory
of what is needed for each larva. She then
goes about the business of finding the re-
quired provisions. The Dutch ethologist G. P.
Baerends (cited in Gould, 1982) found that
the female wasp only retrieves the amount of
food needed by each larva. Burrows contain-
ing an egg receive no caterpillars and small
larva receive one to three caterpillars, whereas
large larva receive more and pupating larva
receive no food at all. By altering the con-
tents of the various burrows while the wasp
was out foraging, Baerends made a series of
fascinating discoveries. If a burrow, for exam-
ple, containing a large larva was excavated
and replaced with a small larva or an egg, the
wasp would provide it with the correct
amount of food only if the alteration took
place before the morning inspection. If the
change was made after the morning inspec-
tion, the wasp would place an amount of
food calculated from those morning observa-
tions, regardless of the actual needs of the
larva placed into the burrow by the experi-
menter in her absence:

During the morning inspection, Baerends rea-
soned, the wasps must make some sort of
“shopping list,” in which the detailed needs of
each burrow are inscribed in association with
its location and relevant landmark information.
Working from her original shopping list the
wasp, having learned more in a few minutes
than many humans could—perhaps as many as
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forty-five items in sets of three—proceeds to
organize the rest of her day as mindlessly as a
machine. This sort of learning, then, phenome-
nal as it is, is as stereotyped as any other piece
of insect behavior. (Gould, 1982:262)

The digger wasp is specialized to obtain
and act upon specific information derived
from the environment at certain times of the
day. However, the nature of this information
and the manner in which it is obtained is
subject to encoded rules and rigid mecha-
nisms of acquisition. Tinbergen (1951/1969)
described an experiment in which 20 pine
cones were arranged around a digger wasp’s
(Philanthus triangulum) burrow while she was
still inside. As the wasp left her burrow, she
took a 6-second aerial reckoning of the im-
mediate surroundings before flying away.
While she was gone, the experimenter re-
arranged the pine cones, placing them several
feet away from the burrow. On her return,
the wasp went directly to the pine-cone circle
in search of her burrow. This experiment was
repeated several times with the same disori-
enting result. The wasp was unable to find
the location of her burrow until the pine
cones were finally returned to the original
place around the burrow.

Of course, the dog’s style of learning is
very different from that exhibited by the
honeybee and wasp, yet it may be profitable
to study such learning as a means of gaining
insight into aspects of the learning process
not made explicit by laboratory investiga-
tions. Although finding parallel examples of
fixed program learning in dogs is not easy,
the dog is clearly programmed to learn some
things at certain times more rapidly than at
other times. Fox (1966), for example, found
that avoidance learning was most rapidly ob-
tained during a short sensitive period be-
tween 8 and 10 weeks of age. Scott and
Fuller (1965) found that social identity and
many social behavior patterns are learned
during a brief period running between 3 and
12 weeks of age. Tinbergen observed that
some Greenland Eskimo dogs had their first
copulatory experience, defended home terri-
tory, and avoided neighboring territories all
within the course of 1 week. Prior to this
time, the dogs ran roughshod over the terri-

tories of other packs, a behavior that resulted
in severe and repeated reprisal. According to
Tinbergen, it was as though the dogs simply
could not get the idea: “They do not learn
the territories’ topography and for the ob-
server their stupidity in this respect is amaz-
ing” (1951/1969:150). Thus, habits, ap-
petites, and aversions are optimally acquired
at specific tim