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FOREWORD

Dogs have a nose for everything. If you live with a dog,
or simply enjoy observing them, you know that dogs fol-
low their noses most of the time, often in ways we wish
they didn’t. What secrets can a dog sniff out, and what are
the secrets of the dog’s olfactory talent? In these pages,
Frank Rosell covers all we know about the dog’s amazing
nose. He shows how dogs’ prodigious sense of smell has
helped us in more ways than you’d imagine, and why un-
derstanding dogs’ noses can make us better companions
to them. He is fortunate to live with three border collies
who participate in his research.

People have been interested in dog olfaction for many
centuries, but only in recent decades has research in this
field received more detailed attention. We are curious
about dogs’ noses because they are so vastly more sen-
sitive than our own, and because we understand so little
about what dogs are doing when they stop to smell alamp-
post or fire hydrant. Many dog books cover some of the
topics that Dr. Rosell considers, but none are as extensive,
well researched, or written for a general audience.
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Each chapter of Secrets of the Snout begins with the story of a spe-
cific dog and continues with current knowledge in the field. Through-
out, Dr. Rosell shows readers how dogs’ sensing abilities are helping
humans. I was simply astonished at the growing range of applications
for which the dog’s sense of smell is being used. Through specialized
training, dogs are taught to find the missing or lost, including humans
and animals buried under snow or debris, and to locate an array of
other items and substances, from golf balls to air pollution. Dr. Rosell
also discusses how dogs help doctors by detecting diseases such as can-
cer and diabetes. He does an excellent job explaining what odors dogs
detect and how they do it.

Dr. Rosell’s stories of how dogs learn to put their noses to work for
people and other animals hold many lessons for all people interested
in dogs, including dog trainers. Dogs love to sniff here and there, and
it’s essential to allow them to do so. With a better understanding of
the canine sense of smell, you can devise new and absorbing olfactory
challenges for your dog. Secrets of the Snout offers a perspective on
dogs, along with plenty of practical insight, that will greatly enrich
your dog’s life, and your own.

Marc Bekoff, PhD
Author of Canine Confidential: Why Dogs Do What They Do



PREFACE

My fascination with dogs started at the age of twelve,
when my twin brother, Terje, and I got our first dog,
Tinka, a Shetland sheepdog. I began to notice how mam-
mals communicate with one another through the use of
odorants. Later, at university, I focused on chemical engi-
neering, but my fascination with the behavior of animals
led me to chemical behavioral ecology as my field of ex-
pertise. I completed my doctorate in 2002 and became a
professor in this subject area five years later. For twenty
years I have done research on and taught about the odor-
based communication of many different species of mam-
mals, including the beaver, brown bear, yellow-bellied
marmot, and European badger.

I was born and raised in Halden in @stfold County in
Norway. My research has been predominantly focused
on the beaver since I observed my first individual beaver
on July 21, 1990, the day before my twenty-first birth-
day. Tinka became my constant companion on beaver
excursions, and starting in the autumn of 2008, I ex-
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panded the focus of my research to include the dog. I have taken
great pleasure in all the dogs I have lived with both in Halden and
later in Bg in Telemark. Tinka 1 and the border collies Tinka 2, Tapio,
Shib, Tapas, and Chilli have all eagerly put their noses to work, run-
ning off to chase after female dogs in heat, rolling in feces, and sniff-
ing at other dogs’ faces, behinds, and scent markings. I have often
observed this with interest and wonder and, now and then, with
irritation.

The dog has been man’s “best friend” somewhere between 11,000
and 33,000 years, and in more recent centuries, dogs have been em-
ployed for many more purposes than solely that of a companion. This
book is about dogs’ sense of smell and the many ways we have put it to
work. Dogs can be trained to sniff out almost everything. They have a
nose for all manner of things, and there is almost no limit to the tasks
they would gladly do for us. We all know about hunting dogs. Search
and rescue organizations use dogs to find missing persons. Customs
authorities have their own dogs to sniff out narcotics, currency, and
other smuggled goods, while police dogs are trained to find weapons,
blood, and semen. The armed forces train dogs to search for bombs,
mines, and other explosives, while pest controllers train them to detect
carpenter ants, rats, mice, and bedbugs. Thousands of dogs protect
us from criminals, smugglers, terrorists, and arsonists. Dogs are also
used to sniff out alien or endangered animal and plant species, tolocate
contaminants, and to detect diabetes and different types of cancer at
a very early stage.

These are just a few of the themes that will be discussed in this
book. You will also read about the wine and spirits dog Tutta, the pet
finder AJ, the rescue dog Barry, the hunting dog Balder, the police
dogs Trixxi and Kaos, the military working dog Lisa, the diabetes
detection dogs Shirley and Nemi, the turtle dog Ridley, the Lunde-
hunde Froya, the orca feces detection dog Tucker, the beaver sniffer
dogs Mie, Shib, and Tapas, the spruce bark beetle detection dogs
Meja and Aska, the rot detection dog Cleo, the building inspector
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dog Luna, the oil spill dogs Jippi and Tara, the estrus detection dog
Elvis, the human feces detection dogs Sable and Logan, and the golf
ball dog Goya.

Enjoy the book!

Frank Rosell






Dogs at Work

In 1925 diphtheria broke out in Nome, Alaska, and it was
vital to acquire the antitoxin serum for those afflicted
with the illness. However, with winter storms and im-
passable roads, it seemed virtually impossible to acquire
the serum before the outbreak became an epidemic.
Nonetheless, dog relay teams were assembled to deliver
the antitoxin, with the finalleg of the treacherous journey
completed by Norwegian Gunnar Kaasen. With his team
of Siberian huskies led by a dog named Balto, Kaasen suc-
ceeded in delivering the serum, which prevented a deadly
epidemic.

Caught in a blinding snowstorm, Kaasen had almost
given up on making it to Nome with the serum until, in
a final act of desperation, he appealed to Balto to find the
way through the snowstorm. There was minimal visibil-
ity, so Kaasen was completely reliant on Balto’s sense of
smell to reach their destination. In The Cruelest Miles, Gay
Salisbury and Laney Salisbury describe the scene:
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[Balto] understood that he had to regain the trail, to find the faint scent of
the dogs that had pattered before him that winter. Balto kept his nose low
to the ground, his ears flattened against his head to keep out the wind,
as he moved slowly over the snow. . . . Minutes passed like hours. They
were beyond the ridge and still Balto searched. Suddenly, the dog lifted
hishead and broke out into a run. They were back on the trail. . . . Around
5:30 AM on Monday, February 2, Kaasen could make out the outline of the
cross above St. Joseph’s Church. Within a few minutes he pulled up onto
Front Street and stopped, exhausted, his eyes stinging from the cold, dry
air, outside the door of the Miners & Merchants bank in Nome. Witnesses
to this drama said they saw Kaasen stagger off the sled and stumble up to

Balto, where he collapsed muttering: “Damn fine dog.”

Balto’s life has been covered in a documentary, and there is even a
statue of him in Central Park in New York. Steven Spielberg has also
brought joy to many children and adults with his popular animated film
about Balto’s impressive achievement.

The Dog and Humans

Human beings have learned to understand and communicate with
dogs through our long-lasting relationship with them.? We have de-
veloped more than 1,000 dog breeds, each and every one with special
characteristics.® There are almost goo million dogs living in house-
holds all over the world.* There are 75 million dog owners in the United
States alone, and 40 percent of these allow their “best friends” to climb
into bed with them at night.’

Increasingly, more scientific work is being done to analyze expe-
riences with and opportunities for working dogs. However, the field
remains underdeveloped, partly because it encompasses so many dif-
ferent disciplines, including agriculture, environmental studies, zo-
ology, entomology, criminology, medicine, psychology, and wildlife
biology.° It is my hope that this book will contribute to bringing these
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disparate disciplines a little closer to one another and to opening up
new collaborative opportunities in the future. The dog still has a large,
untapped potential as a working animal. I also hope that more dogs will
have the chance to enrich their lives as working dogs, whereby they
will be given a range of tasks for the use of their noses, for their own
pleasure and ours. Giving dogs chances to perform work tasks and to
make decisions is important for their well-being.”

From Wolf to Dog

When and how did the dog become our “best friend”? The Canidae
family, which includes both wolves and dogs, arose 50 million years
ago.® The dog’s genome (the complete genetic material contained in a
dog) was mapped out in 2003, and the results indicated that the dog
stems from the gray wolf. Genetically speaking, a dog is 99.96% wolf.’
The dog and the wolf have been viewed as belonging to the same spe-
cies because they can reproduce by mating with each other and their
offspring are fertile. The mating of wolves and dogs occurs most fre-
quently between female wolves and male dogs, but can also happen
between male wolves and female dogs.!° Nonetheless, many people use
the Latin name Canis familiaris in reference to the dog, and not the
subspecies name Canis lupus familiaris, which others hold to be the
correct term.

There is little consensus regarding when the wolf and dog went
their separate ways. Many research scientists maintain that it oc-
curred only 11,000 to 16,000 years ago.!! Evidence has been found
showing that dogs were buried together with humans 14,000 years
ago,'? which indicates that already at that time dogs were man’s “best
friend” and protector. In the Razboinichya Cave in Siberia, which we
know was once inhabited by humans, the skull of a dog estimated to be
33,000 years old was found.” It was most similar to the domesticated
dogs from Greenland, a breed that is approximately 1,000 years old
and a variety of ancient and modern-day wolves. But this type of dog
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did not exist long enough to produce sufficient offspring and is there-
fore not the oldest ancestor of the dogs of today.

It was probably in the region that currently constitutes Germany
and Switzerland that primitive humans took in the friendliest wolves
as a means of protecting themselves from cave bears and lions. This
implies that the taming of dogs first occurred in Europe and not in
Asia, as was formerly believed. These findings from 2013 indicate that
the domestication of wolves took place as far back as 18,800 to 32,100
years ago, when large parts of northern Europe were still covered by
ice. When some of the friendlier wolves began slinking around the
camps of these ancient civilizations in search of mammoth flesh, they
were welcomed, since they served as watchdogs. Over time with their
acceptance into human society, the wolves began eating food that con-
tained more vegetable starch (formed in most green plants).*An alter-
native possibility is that humans sought out wolf dens and captured
and tamed the wolf pups.”

A 2013 study led by Erik Axelsson—a scientist in evolutionary ge-
netics at the University of Uppsala in Sweden—found thirty-six spe-
cific areas in which the genomes of the dog and the wolf are different.
Nineteen of these areas contain genes involved in brain development,
which could explain why dogs are friendlier than wolves. The re-
searchers also discovered that dogs have ten genes that help them to
digest starch and break down fat. Three of these genes make dogs bet-
ter equipped than wolves to break starch down into sugar, so it can be
absorbed.!® Most dogs are raised by humans, and their diet can play
a very important role in their food preferences later in life. Unlike
adult dogs, puppies have a clear preference for meat.’” We also know
from epigenetics (the study of heritable changes in gene expression
and how the genes are employed) that offspring are influenced by the
experiences of their parents. For example, a laboratory mouse that has
been trained to avoid certain smells could pass this learned behavioral
trait on to its offspring. This is called epigenetic DNA programming,
whereby the genes can be switched on or off.!® More of this type of
research is being done and will potentially contribute to explaining
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the large differences we find between wolves and dogs, including be-
havioral differences.

In 2014 postdoctoral student Adam H. Freedman and colleagues
at the University of California, Los Angeles, analyzed the genomes of
gray wolves from three locations (China, Croatia, and Israel) where the
domestication of the gray wolf may have occurred. They also studied
the genome of a basenji from Africa and that of an Australian dingo.
Both of these dog breeds come from areas without gray wolves, and
therefore they could not have at any time mated with gray wolves. The
researchers found that the gray wolves from the three locations had
more in common with one another than with dogs. They also studied
the genome of a boxer and discovered that the dog breeds from the
three respective locations had more in common with one another than
with the gray wolves. This indicates that modern-day dogs and gray
wolves represent sister branches on the evolutionary tree and that
they both stem from an older, now extinct, common ancestor. These
findings are inconsistent with earlier speculations that the dog evolved
from one of the three gray wolf populations.?

Some wild dog packs have a dominance hierarchy, in which indi-
vidual dogs will have advantages related to food and mating, but this
is not as pronounced as in wolves. In the case of wild dogs, it is not
an alpha pair that leads the pack; instead, the leader is usually an
older and high-ranking individual dog. High-ranking dogs who are
met with appeasement behavior in both greeting ceremonies and in
hostile contexts more frequently lead the pack than dominant dogs
who are greeted with appeasement behavior only in hostile situations.
In other words, dominant dogs are those with the largest number of
friendly relationships, and the friendliest dog of all is often the leader
of the pack.?®° Whether a dog wins or loses a game of tug-of-war will
not make it more or less dominant in relation to its owner.? Dogs pre-
fer not to challenge higher-ranking pack members. This trait is what
helps us to have control over and handle our dogs.*
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The Nose at Work

The dog has a very keen sense of smell, which has been used in the ser-
vice of humans for many thousands of years. In general, the dog’s nose
is100,000 to a million times more sensitive than the human nose.?> The
dog’s rhinencephalon (smell-brain) is almost seven times larger than
that of humans, and with their fantastic sense of smell, dogs are able
to perform many work tasks for us.?* It all began when humans put the
dog’s nose to good use for hunting. We continue to discover the ways
that dogs’ noses can be used to help us. Dogs have been used in wars,
not only as protectors but also to find explosives and land mines fol-
lowing a war. In the course of the past forty years, the use of specially
trained sniffer dogs has increased dramatically. These dogs typically
search for odors from human beings or the particular odor emitted
by a specific object. Search and rescue dog organizations use dogs to
search for missing persons; customs authorities have dogs specially
trained to detect narcotics, cash, and other smuggled goods; and po-
lice dogs are trained to find weapons, blood, and semen. The armed
forces use dogs trained to search for bombs, mines, and other explo-
sives, while pest control companies have dogs trained in the detection
of carpenter ants, rats, mice, and bedbugs. In short, thousands of dogs
protect us from criminals, smugglers, terrorists, arsonists, and pests.?
Dogs are also used to sniff out alien or endangered animal and plant
species, to locate contaminants, and to detect diabetes and individual
types of cancer at very early stages.

Dogs can be trained to sniff out just about anything, and our imagina-
tion is virtually the only limit when it comes to potential work tasks
for canines. The most important thing is that dogs can be trained to
communicate to us the information they acquire by using their noses.
The dog is the most successful mammal on earth after human beings,
and one of the reasons for this is that they are very willing pupils.
Examples of their unique learning capacity are found in the 2013 book
The Genius of Dogs by Brian Hare and Vanessa Wood.?® The stories
in the book about the border collies Chaser and Rico illustrate dogs’
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learning abilities and their potential brain capacity.?” Chaser was
born in May 2004, and when she was five months old, John W. Pilley,
a retired psychology professor at Wofford College in South Carolina,
started teaching her different words. Over the next three years, Chaser
learned and remembered the names of 1,022 different objects. These
included everything from stuffed animals and balls to Frisbees and
different plastic objects. In the course of 145 tests using 20 objects in
each test, Chaser identified in all cases a minimum of 18 out of 20 ob-
jects (approximately 9o percent correct). In another test, Chaser was
trained to pick up an object with her mouth, move the object with her
front paw, or touch the object with her mouth or nose. For example,
when Pilley ordered her to “pick up Lambs,” she was supposed to pick
up the stuffed animal Lambs with her mouth. She was given fourteen
similar work tasks and performed all of them correctly.

Chaser also knows that different objects can be one of many in a
category. For example, “ball” is a category containing 116 round and
bouncing objects. She could also find an unfamiliar object by logically
eliminating other potential alternatives. She managed in eight succes-
sive repetitions to retrieve an object she had never learned the name
of because this object was grouped together with otherwise famil-
iar objects. Twenty-four hours later, however, she had forgotten the
name of these new unfamiliar objects. For Chaser to develop a long-
term memory of unfamiliar objects, an exercise involving repetition
is required.?® In a final test, Chaser was given the command “to ball
take Frisbee” followed by “to Frisbee take ball.” She understood which
object was to be brought to the other in 78 percent of the cases when
a number of familiar objects were used in a sentence.?” Her training
ended after three years, not because the limit for Chaser’s learning
capacity had been reached, but because Pilley could no longer spend
four to five hours a day training her.>® Chaser learned our language in
exactly the same way as a three- or four-year-old child would. Most
of the words she knew could be used in different contexts and in new
sentences without the need for additional learning.*

Through the domestication of dogs, we have developed a unique
bond with them. If we have one dish that smells of food but point at
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another dish, the dog will not use its sense of smell; it will go in the
direction we are pointing instead. This shows how much they trust
us.> Less surprising is the fact that a dog trusts its owner more than
strangers.** Without training and socialization, dogs are actually bet-
ter than wolves and chimpanzees at understanding our hand gestures,
although chimpanzees are smarter than dogs in most other situations.
Working dogs are the most intelligent of all when it comes to reading
our movements.* They are extremely motivated when it comes to car-
rying out a task correctly, even if they do not receive an immediate
reward.”® When it comes to determining the best dog breed, there is
no scientific evidence demonstrating that one breed is smarter than
another.*® The most common work dogs are German shepherds, Bel-
gian sheepdogs (Malinois), English springer spaniels, Labrador re-
trievers, golden retrievers, and border collies. These breeds are intel-
ligent, strong, loyal, impressionable, and, above all, willing to learn.

Dogs are able to adapt to fluctuating work hours because they have a
naturally short sleeping pattern with frequent sleep-awake cycles.”
Still, it is important to remember that dogs also need to take breaks
when working and that four hours of work a day is a good rule of
thumb.>®

It is not only scientists and those who use dogs in their work on a
daily basis who are interested in work tasks for the dog’s nose. Nose
work is becoming popular in many different communities internation-
ally.* Courses in the specialized training of sniffer dogs are becom-
ing more and more common, both in a professional capacity as well
as within the private pet market.*° It is both physically and mentally
stimulating for dogs to use their noses, and it is an activity that is good
for all dogs. For example, a dog can easily be taught to search for treats,
to find different objects (toys or things we have lost, such as car keys),
and to follow different trails (of a pancake, a hot dog, or human).* The
video Nose Work describes these search games in detail.*?

Dogs can carry out searches in laboratories and other locations.*
There are many ways to organize scent-detection training for dogs.
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The dog can either be transported to a specific site to carry out a room
search, small terrain search, or field search, or a scent sample can be
transported to the dog when it is working in the field. Scent samples
can also be transported to a dog in the laboratory. The dog becomes
a kind of detector and sometimes can be even more effective than an
analysis instrument. When a scent sample is transported to a dog
in a laboratory setting, the dog is presented with a multiple-choice
method. Over time, a number of devices have been developed, each
requiring its own search methods, such as a labyrinth, scent discrim-
ination box training/box training apparatus, training platforms, scent
detection boards, and a training wheel/carousel. The last three are
the most common. Originally, cans were attached to chairs that could
be moved around; later the use of a round table was implemented.**
This multiple-choice method was developed for the first time in the
1960s* and is used for the specialized training of many types of sniffer
dogs, such as those used for tracking semen, blood, explosives, mines,
mushrooms, and environmental toxins.

Research with My Own and Others’ Beaver Sniffer Dogs

In 2001, in the course of working on my doctorate, Lars Joran Sunds-
dal (my master’s degree student at that time) and I discovered that
during the winter beavers deposit a substance called castoreum in their
scent mounds.* Little is known about the beaver’s anal gland secre-
tion, but we do know that it is deposited in the beaver’s scent markings
throughout the spring and summer.*” Castoreum contains no detailed
information about the individual and merely states, “I live here; this
is my territory.” The anal gland secretion contains information about
sex, but we don’t know if this is also true for castoreum. When we per-
formed chemical analyses of castoreum on a gas chromatograph using
a mass spectrometer, we found no differences between the sexes.*® I
therefore developed an interest in investigating whether dogs would
be able to distinguish between the sexes using their sense of smell and
also if they would manage to differentiate castoreum from anal gland
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secretion. In the spring of 2013, associate professor Andreas Zedrosser,
PhD candidates Hannah B. Cross and Helga Veronica Tinnesand, and
I gave dog trainer Tor Iljar from the company Dogpoint responsibil-
ity for training eight dogs to distinguish between castoreum and anal
gland secretion from beavers. They were also trained to differentiate
between the castoreum of males and females and the anal gland se-
cretions of males and females. Iljar was responsible for the Labrador
retrievers Demi and Andrea. Dog handler Marit Sorum with the Jack
Russell terriers Petra and Ronja, Mia Palmgren with the poodle Zappa,
and Nina Hansen with the papillon Mie and the border collies Vims
and Liz also took part in the project. The dogs were between two and
seven years old. At the start of a trial, it is important that a dog’s owner
be present, since this will increase the dog’s motivation.*’ The dogs
also find it easier to interpret their owners’ positive states of mind than
those of strangers.*°

There are many variations among dogs and dog trainers, so it is
difficult to follow a single set rule for training.” Countless books have
been written about how to train a dog, and correspondingly many
methods have been devised. When the five best-selling books about
dog training—among these, the book written by the well-known dog
trainer Cesar Millan°>—were summarized, the contents proved to
be highly divergent. In 2012 PhD candidate in psychology Clare M.
Browne at the University of Waikato in New Zealand and her col-
leagues concluded that the books did not necessarily have the informa-
tion required to enable dog owners to learn how to carry out a train-
ing task.” This confirms an old joke about how if there are four dog
trainers in a room, there will be five different opinions. Unfortunately,
scientists have shown very little interest in studying and comparing
different training methods.>*

In our study, the first training phase involved introducing the dogs
to a training platform containing seven holes, with a can in each hole.
Four of the holes were at all times inside the training platform’s two
Plexiglas walls, and three of the holes were outside. These holes con-
taining cans could be moved to different positions using a handle so
all the cans could be situated inside the Plexiglas. The handle was at-
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tached to the hole for can number four. Iljar used tea as the scent the
dogs were to search for. A cotton ball was dipped in tea and placed
in the can with the clicker handle attached. The handle is always be-
hind the correct scent sample during the training session. At the start
of the training sessions, the scent samples were put in cans made of
stainless steel to reduce the amount of uncontrolled scent transmission
between the cans. When the dog handler said, “Find the scent,” the
dogs started to sniff at the holes containing the cans, and when they
found the right scent, the dog handlers confirmed this with the clicker
(so the dogs would associate a correct indication of the target with this
sound), before immediately rewarding them with a treat. A positive
outcome—a correct indication—will in this way be a good experience
for the dog, and it will thereby be motivated to do another search. The
handle was moved to different positions, and again the dogs had to find
the tea scent. When they succeeded, clean cotton balls were placed in
the six other cans. Other distracting scents, such as human and food
odors, were also introduced, so the dogs would learn to ignore these
and search through all the cans to find the correct scent. When the
dogs had achieved twenty correct indications and maintained each
indication for more than five seconds, this phase was finished. All of
the dogs managed this in the course of seven sessions with one to two
hours of training per session.

It is important to vary the scent samples in the course of the train-
ing. At Telemark University College (TUC), we have many samples
from both live-captured and shot Eurasian beavers. The samples are
stored at -20°C. Many scientific studies done in the 1980s and 1990s
produced poor results. It turned out that the training materials were
contaminated and the dogs reacted to everything from the odor of the
person handling the material to the tape and Magic Marker ink on the
samples. There are also reports showing that dogs have only reacted to
the scents the trainer has used and not to other types of scents.” Dogs
have a good memory for scents and can remember scent samples used
in previous training sessions. It is therefore important to use one set
of scent samples during the training session and completely different
and unfamiliar samples in the experiment. It is also important to use
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many different samples. A common problem with scent samples used
during training arises when these are stored together with other ma-
terials, because they can absorb odors.*® After a training set has been
used for a while, it will become contaminated and should be replaced.
It is recommended that the samples be stored in a glass jar with a Tef-
lon lid rather than in plastic bags. It is very important to use different
sample materials.

In phase two of our study, the dogs were trained on castoreum (four
dogs) or anal gland secretion (four dogs) from males or females. The
beaver scent was presented on cotton balls. The six other cans con-
tained unscented cotton balls. The other sex was subsequently intro-
duced and also the other type of scent from the same sex, so the dogs
had to distinguish between the scents. For example, the papillon Mie
was first trained using solely the anal gland secretion of males. Subse-
quently, she was introduced to the anal gland secretion from females
and castoreum from males on the training platform.

Dogs are very good at “reading” their handlers and thereby in-
terpreting cues from the handler regarding which can (hole) is the
right one. The dog handlers often send signals without being aware
of it. Corresponding research errors were discovered in connec-
tion with the horse named Clever Hans in the early twentieth cen-
tury. It was claimed that Clever Hans could count and perform other
cognitive tasks. Could he really? Many believed so, until 1911 when
the psychologist Oskar Pfungst discovered that the horse was re-
sponding to very small, unintended postures and facial expressions
from his owner, math teacher Wilhelm von Osten from Germany,
and from members of the audience.”” German painter Emilio Ren-
dich also doubted the horse’s abilities. He therefore trained his dog,
Nora, to master the same type of reaction pattern. Nora was sup-
posed to bark as many times as her trainer wanted. When she had
done this, Rendich leaned forward and Nora stopped barking.’®

Dogs are extremely obedient. In a 2003 scientific experiment car-
ried out by the scientist Viktoria Szetei and her colleagues at E6tvos
Lorand University in Budapest, it was demonstrated that approxi-
mately half of the dogs would go to an empty food dish because the



DOGS AT WORK 13

owner pointed at this dish. The dog ignored the other dish, even though
it contained and smelled of food.* Lisa Lit, a professor at the Univer-
sity of California, Davis, led a study in 2011 that investigated whether
the dog handler’s body language influenced the dog’s results during
a room search.®® The dog handlers were tricked into believing there
were drugs and gunpowder odors in different rooms in a church. Any
indications they might give would therefore be inaccurate. Eighteen
dogs were used, and they gave 225 incorrect responses. There were
only 15 percent clean runs and 85 percent runs with one or more alerts.
In other words, the handlers’ assumption that there was a scent pres-
ent influenced the dogs. The dogs were responding to unintentional
cues from the handlers. Dogs can react to pointing, staring, and head
movements in the direction of the target,® and it is best to train dogs
so they are unable to read the dog handler’s body language.

When the dog has advanced to a certain level, blind tests must be
carried out to ensure that the dog and handler are on the right track.
The story of the dog Nora shows how important it is to carry out such
tests “blind,” because dogs can read our body language. And since the
dog handler doesn’t know in which can the scent is to be found, this
prevents any unconscious influence on the outcome. The person who
puts out the scent—the test leader—must not speak with the dog han-
dler or be found in the same room as the equipage (dog and handler),
so as to prevent this person from influencing the results. All our trials
were filmed by three video cameras, and the test leader Hannah B.
Cross observed the trials on an on-camera monitor in another room.

Dogs have better eyesight than was formerly believed, even though
they have difficulties distinguishing between red and green. They find
it easier to detect the colors light blue, gray, and yellow.% In a scent
detection task, it is therefore important that it be difficult for the dogs
to see the target, in order to ensure that they are using their sense of
smell rather than their eyesight. Dogs are also sensitive to ultraviolet
light, which increases the visibility of urine markings. This kind of
sensitivity is normally found in species that are partially nocturnal.®

After Mie and the other dogs became proficient at distinguishing
between the two types of odors and also between the different odors of
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the sexes—in other words, at finding the correct odor—we were ready
to carry out a scientific experiment. In general, scientists apply “sen-
sitivity” and “specificity” in the interpretation of results.®® Sensitivity
represents how often a dog gives an indication for a can containing a
beaver scent, for example, when there is in fact a beaver scent in this
can; while specificity represents how often a dog refrains from giving
an indication for a can without a beaver scent. Or to simplify this a
bit: how many times the dog manages to find the right scent/can and
simultaneously avoids incorrect indications for the wrong odor. The
goal of all the training is for the dog to become accurate. It is said that
it takes at least three weeks of training to achieve a 9o percent cor-
rect result, three months to reach 9o-95 percent correct results, and
three years to advance to 95-100 percent correct indications.*” This, of
course, depends on the scents the dogs are supposed to recognize, the
breed of dog, the training they have received, the method (the number
of cans—the more cans, the more difficult for the dog®), the particular
dog being trained, and the dog handler.®

In the “blind” beaver experiments, only four of the cans were used
and four drops of beaver scent were put on the cotton balls. Four dif-
ferent scents were put in the four different cans. The correct scent was
put in the first can, in the second can the same scent type but from the
other sex, in the third can the other scent type from the original sex,
and in the fourth can a clean cotton ball. These scents were randomly
placed in one of the four cans for each trial. The training platform was
cleaned with vinegar between each trial. We also carried out similar
trials using scent markings from known male and female beavers that
we had gathered in the field. It turned out that the dogs were able to
distinguish between castoreum and anal gland secretion (100 percent
correct for all the dogs with the exception of one dog that made one
mistake) and between the sexes for both castoreum (92 percent) and
anal gland secretion (88 percent) —for anal gland secretion, three out
of the four dogs had 100 percent correct results; the dog that was un-
successful had stepped in for a dog that was ill and thus had not re-
ceived sufficient training. For castoreum, the dogs proved to be more
accurate than our gas chromatograph.
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We have not had the opportunity to take dogs with us out into the
field. If the dogs are equally adept out in the field as they have been
in the laboratory, they will provide us with many answers to ques-
tions about how the beaver defends its territory, something that has
been difficult to establish using other methods. We can, for example,
find out where the males and females, respectively, leave territorial
markings and whether they do so with castoreum and/or anal gland
secretion.

In the autumn of 2013, I started training my dogs with other dogs, in
collaboration with PhD candidate Hannah B. Cross, master’s degree
student Christin Beate Johnsen, and dog enthusiast Beate Jaspers. I as-
sumed responsibility for my own border collies, the siblings Chilli and
Tapas (born in 2007), and their mother, Shib (born in 2005). Christin
was responsible for Bailey (born in 2010), the Nova Scotia duck toll-
ing retriever (also called a Toller), while Beate took responsibility for
the Samoyed dogs Danny (born in 2009) and Shanie (born in 2003),
and the papillons Triana (born in 2011) and Carmelita (born in 2011).
In Finland there are both North American and Eurasian beavers. It is
very difficult to distinguish between the two species by appearance
and behavior, but it is possible using chemical analyses in a gas chro-
matograph or by genetic analyses.” In the north of Finland, there are
two small populations of approximately fifty North American beavers,
which can potentially spread to both Sweden and Norway. We don’t
want the North American beaver in Norway or Sweden, since it is an
alien species and can therefore oust our own beaver species, the Eur-
asian beaver.” I suggested that we should start training our eight dogs,
twice a week, to differentiate between the castoreum scents of the two
beaver types, since this is what is most frequently deposited in scent
markings out in the field.

I started training my own dogs at home in my living room. I asked
the others to do the same with their dogs. I placed a treat in one of
three plastic cups that I put on the living room floor, spaced at approx-
imately 10-centimeter intervals. Each time the dogs gave an indica-
tion for the plastic cup containing the treat, I confirmed this using a
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clicker and gave them verbal praise. They also received the treat in the
cup. It did not take long before they all did this correctly every single
time, in ten successive trials. This was also a nice start for teaching
them the “down” indication. In 2014 the Swedish researcher Ragen
T. S. McGowan at the Swedish Agricultural University and her col-
leagues demonstrated that dogs like to solve tasks and that they can
self-regulate access to a reward.” The beagles in their study became
happier when they had a “eureka” moment. That was exactly how I
felt when I saw my dogs solve the work task they were given. They had
become very proficient in a short period of time. The researchers also
found that the dogs were happier when they had earned a reward by
performing a work task than when they merely received the reward.
The dogs also preferred a reward of food rather than petting.

The next step of the training was to introduce the dogs to the train-
ing platform. We started with some treats in one of the cans. When
they had learned to respond correctly to the treat, we introduced them
to the beaver scent. We initially used the scents of dead animals that
had been in the freezer since the end of the 1990s. We did so because
we wanted the dogs to be trained to detect the heavier compounds.
The light, volatile compounds disappear when the samples are stored
for a long period of time. The dogs Tapas, Danny, Chilli, and Triana
were trained to recognize the Eurasian beaver scent, and Bailey, Shib,
Carmelita, and Shanie were trained to recognize the North American
beaver scent. We started working using only the correct beaver scent.
When the dogs had learned to recognize this scent, we introduced the
scent from the other type of beaver. Now they had to distinguish be-
tween the two types of scents. We also trained the dogs to ignore scents
from other animals, such as moose, roe deer, and red deer, which are
found around the beaver’s habitat. After the dogs had understood the
work task on the training platform, we started training them to keep
their backs to us—so they wouldn’t pick up on any unintentional cues
from us.

We later switched to using a scent detection board with six holes
containing cans. This number was used the most often, so we could put
out the scent samples randomly, based on a throw of a dice. Normally,
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only one of the cans contains the scent the dogs are searching for. The
five others were used as control samples.

All eight dogs clearly enjoyed the training sessions. When we let
them out of the car, they ran ahead of us through the garage and over
to the training room at TUC and began wagging their tails eagerly.”
When the dogs enter the room where they are going to perform a
search on a platform or a scent detection board, they wag their tails to
the right, and when they indicate the correct sample, they will wag to
the right even more (see pp. 21-22 for interpreting tail wagging). They
are, in other words, in a positive state of mind and demonstrate beyond
any doubt how much they enjoy this work.” We also have outdoor
training sessions. Here there are many more sounds and movements
that can cause the dogs to lose their concentration. We have horses
in our neighborhood, and Shib in particular was distracted by them.
The wind can also represent a challenge. If it blows gently toward the
dogs, they will often skip a can and go directly to the correct sample.
If the wind is too strong, they can find it more challenging to find the
right scent.

The training results thus far show that the dogs are able to distin-
guish between the two types of castoreum. We also tested scent mark-
ings from familiar Eurasian beavers from the region of our study.
They also recognized these scent samples, even though they were
completely fresh. Tapas, Bailey, Danny, Shib, and Carmelita learned
to differentiate between the two beaver types the most quickly; the
other dogs needed more time to achieve a stable outcome. Chilli was
very up and down and had more bad days than the others. If somebody
started throwing a ball for her or just said the word “ball,” she became
more interested in looking for the ball. The personalities of the dogs
are slightly different, and they therefore react a bit differently when
they find the right beaver scent. Chilli lunges at the correct scent with
her nose directly over the can, while Bailey “digs” furiously before
giving a down indication. Tapas has a more relaxed down indication
style, while Shib pushes with her nose and may also lick a little bit at
the hole with the can containing the correct scent.

In a blind pilot experiment we carried out using the platform with
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four of the dogs in the spring of 2014, Chilli and Shib gave correct indi-
cations in 95 percent of the cases. Tapas and Bailey, on the other hand,
were not themselves because Shib was in heat. They were more in-
terested in sniffing at places where she had been moving around than
they were in the beaver samples. Later, all eight dogs have shown that
inroughly 95 percent of the cases, they are able to find the right beaver
scent in blind tests. However, we must carry out more experiments
with scent markings from Finland before we can publish our results
in a scientific journal, because we need more trials from the North
American beaver. We have allied ourselves with the research scientist
Janne Sundell from the University of Helsinki. In the autumn of 2014,
Sundell gathered scent-marking samples from both types of beavers
in Finland. We also wanted to investigate the scent markings using
genetic methods, so we would be completely certain of which species
we were dealing with before testing them on the dogs.

If the wildlife management authorities or scientists suspect that
there are North American beavers in their region, the beavers’ scent
markings out in the field can be gathered and sent to us. Sample collec-
tion can be done by transferring the portion of the marking containing
the castoreum scent to a jar or plastic bag. Then we can have our dogs
determine on the training platform or scent detection board whether
the marking is from the North American or Eurasian beaver. If the
scent markings are from the North American beaver, the dogs trained
on this type will give an indication for it, and not for the others, or
vice versa if the scent marking is from the Eurasian beaver. We can
then determine which type of beaver is living in areas where the two
types are found (besides in Finland, both types are found in Germany,
Belgium, Luxembourg, and Russia), without having to capture the an-
imals.

Choosing the Right Working Dog

It is important to train the right dogs to become working dogs. Dog
experts have clear ideas about what constitutes a good working dog
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even though there is little documented evidence. In 2004 the English
animal welfare and behavioral biologist Nicola J. Rooney at the Uni-
versity of Bristol asked 244 dog trainers in Great Britain about their
ideas/thoughts regarding the features of a good working dog. Based on
their answers, she established that in assessing a dog’s suitability, the
ten most important characteristics were as follows:"

1. Acuity of sense of smell

Ability to find an object located out of sight
Health

Tendency to hunt using only sense of smell

N

Stamina
Ability to learn from being rewarded
Tendency to become distracted when searching

® N oo p W

Agility
9. Consistent behavior from one day to the next
10. Motivation to search for an object

Ideally, the dog should score high in all of these areas, with the ex-
ception of item 7. According to Rooney’s studies, the English springer
spaniel was the breed most often used for specialized search and detec-
tion purposes in Great Britain, followed by the Labrador retriever and
border collie. The abilities of males and females as specially trained
sniffer dogs were very similar, but different in one sense: the males
were more aggressive toward other dogs.”

Through the use of simple methods, it is possible to test whether
your dog favors the right leg, left eye, and how it performs in a jump-
ing test, in order to establish whether it has the potential to be a good
working dog. PhD candidate Lisa M. Tomkins, who works at the Uni-
versity of Sydney, has found that the best seeing-eye dogs favor the
right leg and the left eye and also had greater hind-leg clearance in
a jumping test. The best dogs also had chest cowlicks that swirled
counterclockwise.”
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The Dog'’s Personality

The makeup of the dog’s personality stems from a mixture of genetic
and environmental factors.”® Playfulness, curiosity, fearlessness, so-
ciability, and aggression are characteristics of the dog’s personality.”
Other characteristics are extroversion, motivation, a focus on train-
ing, friendliness, and nervousness.®° In 2013 behavioral biologist Erika
Mirko and colleagues at E6tvds Lorand University in Budapest eval-
uated a series of different types of behavior to test dogs’ aptitudes as
working dogs.®! There are a number of considerations to keep in mind,
in that a dog can be influenced by very many different factors through-
out its lifetime. If a German shepherd puppy is exposed to a number
of specific environmental factors early in life, this can have long-term
effects on its behavior.®2 Both the mother’s character, the number of
siblings in the litter, the sex of the siblings, and time of year when the
puppy is born will all have an impact on how it copes with stress as an
adult. The puppy’s sex and body weight are also important.®

There are three important developmental stages in the life of a dog
that can explain, in part, why dogs differ. The first, the stimulation
stage, lasts from the time the puppy is 3 days old until it is 16 days
old. The second stage, called the socialization stage, lasts from when
the puppy is 2-3 weeks old until the age of 12-14 weeks. The third
is the enrichment stage and lasts until the puppy is one year old. If
the puppy is exposed to what is called mild stress—such as handling,
playing, and petting—during the first period, it will cope with stress
better as an adult. During the second stage, it is important to take the
dog away from its place of birth to enable it to meet strangers. In this
way, one prevents shyness and general restlessness in the dog when
in the company of strangers. In the third stage, it is important for the
dog to have a broad range of interesting, new, and exciting experi-
ences. The dog should be permitted to freely explore and touch dif-
ferent objects and have social contact with human beings and other
species. An under-stimulated dog will be anxious around new objects
and have the tendency to retreat from rather than explore new sit-
uations.®
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The Dog’s Mind-Set

Both when meeting a working dog and with dogs in general, you should
be attentive to the dog’s mind-set. When dogs meet in public spaces,
they sniff each other. Males sniff females more often, and they also
mark the most. Dogs that are not on a leash sniff each other more
frequently than dogs on a leash. When dogs are on a leash, they will
demonstrate threatening behavior twice as often. This can be a sign
that dogs become frustrated when they are not allowed to greet one
another.®® The owner’s personality, attitude, and sex can also influ-
ence the dog’s behavior.® Professor Petr Reza¢ at Mendel Univer-
sity in Brno in the Czech Republic and his colleagues discovered that
the sex of the dog’s companion had the greatest impact on whether
a dog would threaten or bite another dog. When the dog was being
walked by a man, their aggression increased, and the research sci-
entists thereby concluded that this could be because dogs imitate the
emotions of their companions. If owners behave protectively or with
self-confidence, it is likely that their dogs understand this.®” Male dogs
owned by women were less social when meeting other people. This
can be an indication that male dogs develop another social role when
their owners are women, since women tend to have a more relaxed
relationship with their dog than male owners. Dogs that were with
more self-confident male owners would often assume a subordinate
role. When with women, in some contexts, the dogs would assume a
dominant role.®® Border collie puppies, who score high on sociability
(how much time passes before the puppy makes contact, the amount
of tail wagging, jumping, and appeasement), when meeting a stranger
more frequently choose to actively seek a conflict resolution strategy.
Those who scored low on sociability responded more passively.?

Dogs and Tail Wagging

Tail wagging can tell us a lot about a dog’s frame of mind. Wagging
is not just wagging. The idea that when dogs wag their tails they are
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happy and friendly is perhaps the most common misinterpretation of
dogs. Some tail wagging is without a doubt a sign that a dog is happy.
Other kinds of tail wagging, however, can mean that the dog is afraid
or insecure. It can even be a warning that if you approach the dog,
it will bite you. The position of the tail, the movement pattern, and
speed are all of great significance. The height at which the dog holds
its tail communicates something about its emotional state. When the
tail stands straight up in meeting with another dog, this sends a clearly
dominant signal (I'm the boss here) or a warning signal (go away or
deal with the consequences). If the tail is under the body, the dog is
frightened (please don’t hurt me). At the same time, it is important to
be aware that different breeds hold their tails differently by nature, so
this should be taken into consideration when interpreting their mood.
In addition to this, the movement of the tail sends another signal. If
the dog wags its tail energetically, by swinging its hips from side to
side, it is clearly showing that it is very pleased to see you again. If the
tail wagging has rapid and short movements (vibration) and the tail is
simultaneously held high in the air, it can mean that the dog is ready
for a fight (an active threat signal). It is important to notice whether
the dog is wagging to the right or the left. If they have positive feelings
(left hemisphere activation) about something or someone, they wag
more to the right side of their hindquarters (to the left if the dog is
facing you, in other words, viewed from in front), while they will wag
more to the left (right hemisphere activation) when they have negative
feelings. In 2007 Professor Angelo Quaranta and colleagues at Univer-
sity of Bari Aldo Moro in Italy showed that if the dogs could see their
owner, they wagged their tail more to the right. If the dogs spotted a
stranger, they also wagged their tail to the right, but not as far out.
They wagged even less to the right if they saw a cat. If the dogs saw an
unfamiliar, dominant dog or if they were alone, they wagged their tails
to the left.?” Dogs watching a video of a dog wagging to the left, show
higher brain activity and become more anxious than if they see a dog
wagging to the right.”
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The 10 most popular dog breeds of the world in 2013:

1.

N

9.

®» N oo opow

Labrador Retriever
German shepherd
Poodle (all sizes)
Chihuahua

Golden retriever
Yorkshire terrier
Dachshund

Beagle

Boxer

10. Miniature Schnauzer
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A Dog’s Sense of Smell

It is said that a dog that has lost its sense of smell is no
longer a dog. The dog trainer Torun Thomassen had the
chance to experience this firsthand.! She had a German
shepherd puppy, Ometyst’s Arthur, who was born with-
out a sense of smell. This dog was incapable of putting its
nose to work on anything productive. He was the largest
of the litter at birth, but unlike his siblings, he lost weight
during the first days of his life, because he was unable
to sniff his way to the teats of his mother to nurse. How-
ever, he did learn an alternative method after a few days.
He would lie down on top of another puppy, wait until
it let go, and then latch on to his mother’s teat. At home,
he often stole raw onions or oranges, and with time, as
the entire litter matured enough to go for walks together,
Arthur would inevitably be the one who ate something
dangerous and got sick, or the one Thomassen had to
search for. The first time he was out and met many people
(many legs), he considered what he should do when there
were so many legs to choose between or when some of
the legs disappeared. He was not able to sniff his way
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back to Thomassen’s leg. The legs he chose to follow turned out not to
be hers.

The first time he went along on a bike ride, he experienced fur-
ther problems. He was running loose, while his mother was on aleash
hitched to the bicycle. They were standing at the top of a hill when two
people came walking up the hill. Thomassen waited and said nothing,
just to see what Arthur would do. He looked at the bicycle, his mother,
and Thomassen, and subsequently at the two pairs of legs that were
approaching. After having considered and reconsidered several times,
he chose the legs and went along with them. Thomassen called him
back, and he never made that mistake again. Instead of sniffing other
dogs, he stood immobilized like a statue while they sniffed him. When
they had finished, he walked away from them.

Arthur did not function socially with strange dogs. He couldn’t
smell anything and was therefore unable to communicate with them
correctly. He was often in the company of other puppies of different
breeds while training forest drills, such as tracking exercises and field
searches. And even though Arthur was enthusiastic, he only found
pieces of hot dogs if he happened to stumble upon them. However, he
was extremely skilled in obedience and loved being trained. There
were not any exciting scents to distract him during the training ses-
sions. Arthur was always a cheerful pup—until the day he was at-
tacked by another dog. After this, he became unpredictable and might
attack his mother, for example, without warning. He started lunging
at dogs who wanted to sniff him, often adult male dogs. Thomassen
was therefore, unfortunately, obliged to have him put down when he
was about one year old.2 He was a wonderful dog and Thomassen was
very fond of him, but she couldn’t take the chance that he might hurt
somebody, and she also had to take Arthur’s mother into consideration.

The Development of the Sense of Smell

The sense of smell is much less evolved in human beings than it is in
dogs. This makes it more difficult for us to understand and appreciate
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the dog’s fantastic sense of smell. We can’t see odors. The dog’s sense of
smell has evolved over the course of many thousands of years of natural
selection, ensuring that the dog has the best possible adaptation to the
environment in which it lives. The dog’s sense of smell is important for
finding food, for reproduction, for recognition of kin, and for identifying
dangerous situations. Dogs with the best sense of smell have passed on
their genes for generations. The result is an extremely well-developed
olfactory system that is capable of discovering (or detecting) and distin-
guishing between different odors. The dog has an incredibly keen sense
of smell, which enables it to perceive a large amount of different kinds
of odor-based information.> The dog’s nose is much better developed for
detecting odors than our nose. When the dog’s nose is wet and cold, from
glands that produce an oily type of fluid,* it is easier for them to detect
odors. If its nose is dry, the dog will moisten it with its tongue.

The dog’s sense of smell develops in the course of the first two weeks
of its life,” but it wasn’t until 2006 that we learned that puppies can also
learn scents before they are born. In the course of a series of experi-
ments in 2006, research scientist Deborah Wells and Professor Peter
Hepper at Queen’s University in Belfast, Northern Ireland, studied
dogs’ ability to learn scents through the mother’s diet while they were
still in the womb. If the mother was given aniseeds, puppies that were
24 hours old preferred this scent to a greater extent than puppies that
had not been exposed to this scent in the womb. They accordingly
preferred what they had experienced before birth. Puppies that were
tested 15 minutes after birth also showed a similar preference for ani-
seeds. Scent can thus be learned before birth.® In another experiment
the same year and by the same research scientists, puppies were given
aniseeds while they were in the womb and again immediately after
birth. These puppies also preferred the aniseeds.” This ability to learn
is an important adaptive trait that ensures the puppies’ development
and survival. It is important for the puppies to be able to recognize and
become attached to the mother, and whatever she has eaten is there-
fore also safe for them to eat.?

In order to understand how the dog manages to carry out different
types of work tasks, one must understand how the nose functions.
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Dogs have two important olfactory organs: the olfactory system and
the vomeronasal system.’

The Dog’s Nose and the Olfactory System

The dog’s nostrils have a complex structure and many important func-
tions. In addition to being an organ for the sense of smell, the nostrils
also aid with tempering, filtering, and humidifying the air that is in-
haled and passes down into the lungs. The nostrils of dogs and human
beings function for both breathing and sniffing. The dog’s nostrils are
remarkably well organized and far more advanced than our own."

How odorants enter the nostrils and the structure of the nose itself,
with its olfactory recess located farthest back in the nostril, are both
important for dogs’ keen sense of smell. When a dog inhales, the air is
channeled along different paths. The rapid airstream (sniffing) travels
to the olfactory epithelium (the olfactory mucous membrane), while
the slower airstream (breath) travels to the lungs. A fold of tissue just
inside the nose helps channel the two different airstreams."” When the
dog breathes through its nose, the air passes through the respiratory
region in the dog’s long snout and subsequently directly into the lungs.
When a dog sniffs, the air follows a side route, entering what we call the
olfactory recess. The olfactory recess is covered by an olfactory epithe-
lium containing genes for olfactory receptors (every single one of which
is a protein produced by a specific gene), and olfactory receptor cells
that absorb odorants.? Microsomatic mammals, such as humans and
primates, have a different makeup, lacking this olfactory recess. The
dog has agile nostrils that stretch when it is sniffing, and this movement
opens an upper passageway that sends the air directly into the part of
the olfactory recess farthest in the back. An enlarged olfactory recess
very likely also increases the airstream for both inhalation and exhala-
tion.” The air is filtered slowly forward through the sensory apparatus
before it finds its way into the lungs.* Professor Gary S. Settles at Penn-
sylvania State University said that the entire system reminds him of the
oil filter in a motor vehicle. The oil filter is located beside the engine, just
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like the olfactory recess. The oil moves directly to the part of the oil filter
farthest back, and then slowly returns to the engine through the filter.”

The olfactory mucous membrane is spread across a labyrinth of
bone structures called nasal conchae (turbinates) and is covered with
millions of tiny hairs called cilia (or olfactory hairs). These are what
capture odorants. When gaseous odorants come into contact with the
olfactory membrane, they are dissolved in the layer of mucus. The
odorants must be dissolved in water or fat in order to pass through
the liquid in which the cilia lie, and the olfactory receptor cells receive
the odorants in a dissolved state.!® Odorants that are easily dissolved —
such as dinitrotoluene (DNT), or dinitro—are released in the front
part of the olfactory recess, while moderately soluble and insoluble
odorants are distributed more evenly across the entire olfactory re-
cess. How the odorants are deposited thus plays a part in compound
recognition. Therefore, the dog’s nose would not appear to be optimal
for the detection of easily soluble substances (such as explosives) in
that these are quickly absorbed upon entrance into the nostril.”

The composition of odorants determines whether they pass through
the olfactory receptors in the nose, similar to how you need the right
key to unlock the door to your house. The chemical formula and vi-
bration pattern of odorants determine their scent. Some odorants
can have very similar chemical formulas, but nonetheless have very
different smells.'® This can be understood as being comparable to our
fingerprints or our DNA identity. After the odorants have passed
the olfactory receptors, they are transformed into an electrical sig-
nal that travels via the olfactory nerve to the olfactory center of the
brain, where the information is interpreted.”® Not all substances can be
identified by the nose: oxygen, nitrogen, and methane are odorless.>

The olfactory mucous membrane varies from one breed to the next,
within each breed, and with age. The German shepherd has an olfac-
tory mucous membrane area ranging from 96 cm? to 200 cm?. A cocker
spaniel has an olfactory mucous membrane area of 67 cm?, and a fox
terrier puppy can have an area as small as 11 cm?.?! The larger the sur-
face area of the olfactory mucous membrane, the greater the potential
for absorbing weak odor signals.
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A dog has 872 functional olfactory receptor genes.?* In comparison,
humans have only 388.% If we compare with other animals, rats have
1,234 and mice have 913 functional olfactory receptor genes.?* The ka-
kapo, a rare bird found in New Zealand, has 667 working olfactory re-
ceptor genes.? In 2009 Stephanie Robin, a geneticist at the University
of Rennes in France, and colleagues investigated the olfactory receptor
genes of different dog breeds, and on the basis of this, they found that
the Labrador retriever and German shepherd have a much greater po-
tential as search and rescue dogs than the Pekingese and greyhound.?¢
The number of olfactory receptor genes is also believed to influence the
dog’s ability to differentiate between very similar odors.?” The number
of pseudogenes (a gene without a function) can also be a determin-
ing factor for the capacity of a given dog breed’s sense of smell. The
more pseudogenes a dog has, the poorer its sense of smell. A boxer, for
example, has 20 percent pseudogenes, while a poodle has 18 percent
pseudogenes. We therefore assume that a boxer’s sense of smell is infe-
rior to that of a poodle.?® In comparison, human beings have 67 percent
olfactory receptor pseudogenes.?

The olfactory mucous membrane in the nose of a dog covers an area
the size of the dog’s skin surface, while in humans the surface area is the
size of a postage stamp. The bloodhound is the dog breed with the most
olfactory receptor cells—300 million!*® German shepherds have 220 mil-
lion, the fox terrier, 147 million, and the dachshund, 125 million olfactory
receptor cells.* The dog can detect odorants in far lower concentrations
(the amount of a substance in a given volume of a solution or compound)
than we can. They can smell some compounds with concentrations as
low as one part per quintillion (1 in 10'®), which is much lower than the
amount established for human beings.* In order to get a better sense of
what one part per quintillion means, imagine that it is the same as 3 sec-
onds in 100,000 years.** We can also illustrate this with another exam-
ple. A gram of butyric acid contains 7 x 10 molecules. If the molecules are
distributed evenly across all the rooms of a ten-story office building, we
will only be able to smell the substance in one of the rooms. If the same
gram of this substance filled the airspace over the entire city of Ham-
burg, a dog on the ground could detect it at a height of almost 92 meters.>
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The Dog’s Sense of Smell Compared to That of
Human Beings

The dog has a much better sense of smell than human beings. In gen-
eral, the dog’s nose is 100,000 to 1 million times more sensitive than
the human nose, while the bloodhound, which has the best nose, has
a nose that is 10 to 100 million times more sensitive than ours.*® The
dog’s rhinencephalon (smell-brain) is almost seven times larger than
the human being’s. Further, it has been proven that

« Thirty-three percent of the dog’s brain interprets odors. Only 5 percent
of the human brain interprets odors.*

« Including pseudogenes, dogs have a total of 1,094 olfactory receptor
genes, and humans have a total of 802 olfactory receptor genes.*”

« Adult dogs have an olfactory mucous membrane measuring 67-200 cm?,
while the olfactory mucous membrane of humans is only 3-10 cm?.®

« Dogs can have 125-300 million olfactory cells. Humans have 5 million
olfactory cells.*

« Dogs have 100-150 olfactory hairs per olfactory cell. Humans have 6-8
olfactory hairs per olfactory cell.*

« Dogs can smell some compounds at concentrations as low as one part
per quintillion (1 in 10'®). For humans, the lowest concentration found

is one part per billion (1 in 10?).%

Factors That Can Have an Impact on a Dog’s Odor
Detection Outcome

There are many factors that can have an impact on a dog’s odor detec-
tion outcome. It can be a matter of unintentional cues from the owner,
what the dog has eaten, the amount of sleep it has had, its overall
health, how the dog responds to us, and whether it likes to play and
receive areward. An uncomfortable or stressful environment can also
influence the dog’s performance. And, of course, the individual dog
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is also important. There are large individual differences within each
respective breed.*? Dogs can also have bad days, just like us. Young
dogs seem to have a greater learning capacity. The older the dog is,
the more diminished its ability to perform and learn will be.*’ In 2014
PhD candidate Lisa Wallis at the University of Veterinary Medicine
in Vienna led a study which found that dogs in puberty (one to two
years old) had a large potential for learning and training. Dogs at this
age were thus found to be comparable to human teenagers: they learn
quickly and effectively as long as one can get and keep their attention,
something that is not always easy to do.** There can also be differences
between the sexes when it comes to the sense of smell.*” Female dogs
have a better sense of smell than males, but this is diminished when a
female dog is in heat.*® The curiosity of female dogs also increases in
correlation with training.*’

The dog’s sense of smell will be debilitated by different illnesses
such as distemper and parainfluenza (kennel cough).*® It is almost uni-
versally assumed that the canine nasal mite, a troublesome parasite,
will reduce the dog’s sense of smell, because it causes irritation in the
sinus cavities and nasal cavity, and thereby inflammation and secre-
tion of fluid/mucus.* This is comparable to the effect of a cold on our
sense of smell. With nasal mite infections common and on the rise in
many places, many dog owners give their hunting dogs a treatment
against nasal mites before hunting season starts.*®

If dogs eat less proteins and more fat, their sense of smell is im-
proved. Dogs on diets containing a lot of corn oils were able to detect,
for example, ammonia nitrate and 2,4,6-trinitrotoluene (TN'T) more
easily. Thisis probably due to the fact that the fatty substances enhance
the functioning of the olfactory receptors. Another reason could be that
they reduce the dog’s body temperature, which in turn reduces pant-
ing and thereby improves sniffing. If nanoparticles of zinc are sprayed
into the air, this can also help dogs to detect extremely faint odorants.
Magnetic resonance imaging (MRI) has shown that there is an increase
in activity in parts of the brain when these zinc particles are present.”!

The odor composition and the concentration of the substance that
the dog is searching for will also influence its odor detection results.*
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Like us, dogs can suffer olfactory fatigue if they are exposed to the
same odor for a long period of time or frequently.”® Weather condi-
tions such as the temperature, humidity, and wind velocity, as well
as landscape topography and vegetation density also influence a dog’s
odor detection outcome (discussed in further detail in chapter 6, “On
the Hunt”).

The Dog’s Advanced Nostrils

In 2010 professor of mechanics Brent A. Craven and his colleagues
at Pennsylvania State University discovered that the dog’s fantastic
sense of smell can also be explained by the fact that dogs don’t exhale
when they are trying to sniff. This enables the dog to sniff faint odors
without disturbing or destroying them. By using Schlieren photogra-
phy, a special technique that registers how gases refract light at dif-
ferent temperatures, images can be made (up to 1,000 per second) that
show the airstream produced by the nose of the dog.>* Unlike humans,
dogs can move their two nostrils independently. When a dog inhales,
the air close to the nostril is drawn in, and the dog knows which nostril
the air enters. The dog’s nostril is more sophisticated than a pair of
simple openings. Dogs have a wing-like flap in each nostril that opens
for and shuts off the airstream moving through the nose. This flap de-
termines the direction of the airstream in and out of the nose. When
the dog inhales, there is an opening above and beside this flap. When
the dog exhales, this opening closes and the air comes out below and
beside this flap through another opening, enabling the dog to increase
its collection of further odors. As a result, the warm air that is exhaled
flows backward and away from the odor being sniffed and prevents
the odor from being mixed into the air being breathed out. Because the
airis warm, odorants are heated up and more easily converted into gas
form, thereby reinforcing the gathering of odors. By keeping its nose
close to the ground and sniffing in quickly, a dog can blow the heavier,
non-volatile odorants up from the ground, bringing the odorants up
into the air and into its nose.”
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In 1996 biology professor Johan B. Steen at the University of Oslo
and his colleagues found that dogs can sniff up to 210 times in the
course of a minute while they are hunting, and can maintain the
sniffing of odorants in the air for up to 40 seconds.*® When a dog is
searching for human odors, it sniffs six times a second, and the more
difficult the task is, the more rapidly it will sniff.*” A dog inhales ap-
proximately 6o milliliters of air per second through its nose, and if it
sniffs six times per second, this means that it gathers 360 milliliters
of air every second.’® Dogs also sniff more when they are searching in
darkness.” We can easily hear how a dog’s sniffing speed increases.
Just try listening when you give a dog an odor with which it is not very
familiar. Although it may not always appear so, for a dog, sniffing is an
active process. A dog can either sniff or pant, so a dog that is in good
physical condition will be better able to find what it is looking for than
adogin poor shape.®® This alone is incitement for dog owners to get out
and train their dogs. Increased panting leads to reduced sniffing speed
and therefore diminished olfactory abilities.®! High temperatures will
cause a dog to pant more, and it will become tired more quickly. It
is important to be aware that different dogs have different levels of
tolerance for heat, and for that reason they will pant at different de-
grees of intensity under the same environmental conditions.* If the
conditions are dry, this can lead to dehydration and a dry nose, which
will also impair the dog’s sense of smell.®> Proximity to livestock and
exhaust and gasoline from motor vehicles can also influence the dog.
Some dog trainers hold that the smell of gasoline can block the sense
of smell for several minutes.®* They maintain that if the dog has been
riding in a car, it should be given 20 to 30 minutes to clear its nose
before the search begins.® Other dog trainers have not experienced
any problems with this.

When a dog sniffs, small bursts of air are blown out of the nose and
sucked in again immediately. The air that is expelled is damp and can
capture odorants on the outside of the nose. The same air is subse-
quently sucked in again.®® When the dog exhales, a whirlpool is cre-
ated that guides new odorants into the nose. This enables the dog to
sniff more or less constantly. When human beings breathe out through
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the nose, we send the air out the same way it came in.®’ By expand-
ing their nostrils, dogs can direct the airstream and send more infor-
mation to the olfactory mucous membrane. The flow of air through
the nose is much greater with normal sniffing than in a state of rest.®
Rapid sniffing produces an airstream along the ground and propels the
odorants up into the air and into the nose. When the dog sniffs more
quickly, the volume of the airstream in the nostril also increases.® The
nasal airstream is accordingly important for the perception of odors.

Both in humans and in dogs, the brain is divided into two hemi-
spheres. Some of us areleft-handed, others right-handed. Usually one
of our eyes is dominant. Research led by Marcello Siniscalchi in the De-
partment of Veterinary Medicine at the University of Bari Aldo Moro
in 2011 showed that dogs use their nostrils differently according to the
nature of the scent. When dogs sniffed at unfamiliar smells that were
not dangerous (food, lemon, vaginal secretions from female dogs in
heat, and cotton swab odors), first they used the right nostril and then
switched to the left nostril to sniff at the odors again. This indicates
that the right side of the brain was used when they sniffed at an un-
familiar smell. Once they had become familiar with the smell, the left
side of the brain took over. When they sniffed sweat odors from veter-
inarians who worked at a kennel (in other words, stress odors), they
used only the right nostril. In short, the left and right sides of the brain
take in different kinds of information. The right side of the brain is
associated with intense feelings, such as aggression, flight behavior,
and fear (unlike other organ senses, olfactory pathways ascend ipsilat-
erally in mammals: odors in the right nostril is interpreted in the right
hemisphere).” For most dogs, a veterinarian is a frightening person.

Human Beings’ Sense of Smell Is Better than
Formerly Believed

When somebody lights a cigar on the far side of the room, it takes a
minute for the smell of the cigar to travel with the airstream to our
nose and inside the nose to our olfactory receptors. You've already
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seen a person lighting the cigar and possibly also heard the sound
of the lighter. Light moves at a speed of 300 million meters per sec-
ond, sound moves through the air at 343 meters per second, and the
airstream transports the odor of cigar smoke in a room at a speed of
approximately one meter per second.” There is a 30 percent differ-
ence between your sense of smell and that of any random person with
whom you might compare yourself. Each of us has a unique combina-
tion of olfactory receptors.’ Because of this, we perceive smells dif-
ferently. Some people have an oversensitive sense of smell, which is
called hyperosmia, while others have a partially diminished sense of
smell, hyposmia.” Not everyone has a sense of smell (anosmia); in fact,
as many as 2 million Americans suffer from this. Research shows that
this leads to diminished quality of life and greater risk of depression.™

However, most of us have a superb sense of smell; the problem is
that we don’t trust our nose. People can detect concentrations as low
as 0.2 parts per billion (10?).” This means that we can detect the odor of
three drops of the odorant ethyl mercaptan—a substance that is often
added to propane and butane and smells like boiled cabbage—in an
Olympic-size swimming pool. If there are two such swimming pools,
using our sense of smell we can determine which pool contains three
drops of the odorant.” People can actually detect more than 1 trillion
(1.72 x 10® different odorants—in other words, a thousand billion, or
a million million) different odors,” so it’s a myth that we have a poor
sense of smell. Human beings’ sense of smell is in fact not very differ-
ent from the olfactory system found in goats and guinea pigs.’® Some
of the things that humans can do include the following:

« Identify different dogs by their odors and recognize the odor of our
own dog.”

o Detect the smell of fear in sweat.®

« Recognize our own scent among the scents of others.®

« Recognize the scent of our babies if we are mothers; and babies can
recognize the scent of their mothers.%2

« Recognize the scent of our children, siblings, family members, and our

close friends.?
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« Choose partners who have an advantageous genetic makeup by using
our sense of smell.3* Women who take birth control pills prefer the scent
of men who have the same major histocompatibility complex (MHC)
genes, while those who don’t take the pill, prefer the scent of men who
do not have the same MHC genes.%

« If we are men, tell by their scent whether or not women are menstru-
ating.’¢

« Learn to identify new odors while asleep,®” and we can become even
more adept through training and practice.®® Just think of how skilled

perfume experts and wine tasters become after years of practice.®

The Dog’s Nose and the Vomeronasal System

Dogs also have another olfactory organ, in addition to the olfactory
system, which is called the vomeronasal organ, or Jacobson’s organ.
The Danish surgeon Ludvig L. Jacobson described this organ in 1811 and
is considered the person responsible for discovering it, although it was
in fact the anatomist Frederik Ruysch from the Netherlands who dis-
covered the organ first.” This organ consists of a pair of pouches filled
with fluid, located in the roof of the dog’s mouth, behind the upper
incisors. In mammals, it is surrounded by bone or a cartilage capsule.
The organ is thereby separated from the airstream that passes through
the nostrils during normal breathing. The pouches filled with fluid also
have olfactory receptor cells. There are separate neural pathways run-
ning from this organ to the brain. The function of this organ is not fully
understood, but it probably plays an important part in the perception
of pheromones (odorants secreted and detected by individuals of the
same species).” The vomeronasal organ is believed to be particularly
important in connection with reproduction in animals and recognition
of kin.”

Many animals do something that is known as the flehmen response —
they “curl” their lip. If you have a cat in the house and put the smell of
urine from another cat on a cotton ball and hold this in front of the cat’s
nose, you will see how it “curls” its lip. This response helps transport
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the odorants to the vomeronasal organ. Dogs have been observed mak-
ing rapid licking movements with the tip of the tongue and moving
the tongue repeatedly up against the roof of the mouth where we find
the canal opening to the organ. When a dog does this, it keeps the lips
partially curled (the flehmen response) and holds the incisors of the
upper and lower jaw slightly apart. This activity makes it easier for the
dog to transport the heavier, non-volatile odorants to this organ.** The
teeth of male dogs click and chatter when they come into contact with
female dogs in heat. If the females have deposited a scent, the male dog
will also lick this, very likely to transport the odorants to the vomero-
nasal organ.” It is the substance methyl-p-hydroxybenzoate from the
vaginal secretion of female dogs in heat that causes male dogs to try to
mount females.* A related substance is used as a preservative in cos-
metics, shampoo, and hand lotions, and anyone who uses any of these
products may find themselves subjected to the amorous attentions of
interested male dogs.”’

In 2012 research scientist Daisy Berthoud at Anglia Ruskin Univer-
sity in England observed this flehmen response behavior more often in
dogs that were not neutered than in neutered dogs when they sniffed
at urine markings from other neutered and unneutered male dogs in
a boarding kennel. When the dog was at home in its own backyard,
it was mostly unneutered male dogs that exhibited flehmen response
behavior when they sniffed urine from an unneutered and a neutered
male dog. It is therefore probable that neutered dogs do not receive
complete information when they sniff at an odor marking from an-
other dog.*®

The Dog'’s Olfactory Memory

Scientists have proven that there is a close connection between odors
and memory. Everyone has certainly experienced how a specific smell
can stir up memories of places, people, or events. For most of us, odor-
ants remind us of something from the past, and especially things asso-
ciated with strong feelings.* That is how it is for dogs too: they have a
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brilliant memory for odors. Following repeated training with the same
odor, a dog will be able to recognize it. They can easily learn to react
to at least ten different odors!®® and will remember odorants for a long
time. A dog trained to find feces from the San Joaquin kit fox continued
to react to this odor 671 days after the most recent exposure, in other
words, almost two years later. Dogs that are systematically trained
with certain odors develop more olfactory receptors for these odors
and thereby increase their sensitivity.!”



A Good Judge
of Character

On October 3, 1992, in Upper Merion Township, Pennsyl-
vania, dog trainer and animal behaviorist consultant Su-
san Bulanda, who has written several books about dogs,
was asked to help out in the search for a missing man.
The search had already been under way for two days. A
search team of hundreds of people had been combing the
area where the man had disappeared three days before.
The police had found his car in the parking lot of a railway
station. In the parkinglot, they also found a bloodied shirt
that was confirmed to belong to the missing man. They put
the shirt in a paper bag and left it in the location where it
had been found. There was a large forest near the station,
where the man had told his wife he would be bow hunting
for deer. The search crew—with and without dogs—had
searched the forest without success. Bulanda was sum-
moned because she had the best dog in the region. When
Bulanda arrived on the scene, she checked the shirtin the
paper bag and saw that the bloodstain was the same size
and shape on the front as on the back, but there were no
holes in the shirt. Bulanda gathered odors from the un-
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touched clothing inside the car on a cotton ball. These clothes belonged
to the missing person. Her dog Scout, a Beauceron, is trained to track
human beings, to find cadavers on land and as a disaster search dog.
He was allowed to sniff the cotton ball, and right away he began to
move away from the car and toward the paper bag. He sniffed at the
bloodied shirt in the paper bag for one second and subsequently went
directly toward a path in the forest on the other side of the road. Scout
followed the path and eventually reached a fork, upon which he fol-
lowed the path leading right. Later there was another fork in the path;
this time he went to theleft. Scoutled Bulanda up along a river, farther
and farther into the forest. After a while, he stopped and sniffed the air
before making a sharp turn to the left. Finally, they reached another
parking lot, where Scout stopped and indicated that the trail had come
to an end. In Bulanda’s report to the police, she concluded that the
missing man had driven away from this location in another car. Three
days later, the man turned up in another country with a female com-
panion. It turned out that the missing man had staged his own death
so he could run away with his new girlfriend.!

Tracking Human Beings

Dogs were used to track down runaway slaves in the Far East as far back
in time as 1000 BC.2 Christopher Columbus used dogs to find and kill na-
tive Indians when he reached America in 1492, and the Spanish used dogs
in South America to track down runaway plantation workers.? Since 2012
dogs have been used to track down poachers in the Virunga National
Park in the Congo in Africa.* To better understand how dogs manage to
follow a human trail or find a human being by sniffing airborne scents, it
is important to understand how odorants are emitted and the sources of
odor that dogs use in the context of different work tasks. There s, in fact,
a large amount of information found in the odors we spread around us.

In 1936 the scientists Konrad Most, director of the Canine Research De-
partment of the German army high command, and Gustav H. Briickner
at the University of Rostock built a chair lift and a tracking wheel in
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a forest in Germany. The tracking wheel was two meters in diame-
ter, and the scientists wanted to separate the different components
in a trail they presumed the dogs could use. A clog was attached to
the wheel, which thereby created a footprint at regular intervals. The
wheel created a trail of crushed plants and disturbed soil without
leaving behind a human scent. On the other hand, if a person sat in
the chairlift with his or her feet up, no footprints would be made and
thereby no scents would be emitted from the earth or vegetation. The
person who was seated in the chairlift, however, emitted an odor in the
form of dead skin cells.” When dogs are following the trail of a human
being, they can use both the scent from this person and the scent from
the destruction of vegetation or disturbed soil. If a patch of earth is
moved or disturbed, the scent will be altered. If one sniffs grass that is
relatively undisturbed, treads on it, then smells it again, the scent will
be different; dogs pick up on this much better than we do.®

Dogs recognize different human beings through the scent of skin cell
flakes, which are microscopic particles that human beings shed con-
stantly. Unbelievable as it may seem, we shed approximately 40,000
dead skin cell flakes a minute,” depending upon the individual’s level
of activity and their emotional and physical condition.® Formerly, sci-
entists believed that skin cell flakes fell directly off the human body,
but later discovered that there is an airstream close to the surface of
the skin. The airstream provides a transport system for skin cell flakes
and bacteria. It starts at the feet, moves upward along the body, and
finally takes off at the top of the head.® The airstream around a person
has an impact on how the skin cells swirl and fall off. If we stand with
our legs apart, this affects the structure of the airstream behind us.
Swinging your arms, on the other hand, haslittle impact on the struc-
ture of the airstream. When we are walking, we have two separate
airstream regions behind us—one behind the back and another behind
the legs—and there is a considerable downdraft behind our backs that
spreads the lower part of the airstream.!® The skin cell flakes can be
transported a distance of at least eight meters away from the body."
The distance away from a trail that odorants will be transported de-
pends upon the particle weight (molecule weight) and wind.
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The activity of the microorganisms (bacteria, fungus, and para-
sites) on the skin surface contributes to the creation of odorants. A
skin cell flake is made up of one or more dead cells, roughly four bacte-
ria, and some bodily secretions.? The composition of microorganisms
varies considerably in humans and is what gives us different odors.?
The respiratory system also emits odorants through the breath. We all
know about bad breath, caused by bacterial activity in our mouths.
The smells from the environment also contribute to changing our
odor. Our odor can be affected by our diet, and if we eat meat, we smell
worse. If we smoke, take medication, use different perfumes, deodor-
ants, and soaps/shampoos, this can also change our odor.” The people
with whom we have daily contact (such as our spouse and children)
can also affect the way we smell, because they transfer bacteria onto
us. We can also pick up bacteria from our contact with food, water,
air, and other objects in our environment. Even our dog can contribute
bacteria. Adult dog owners have several of the same microorganisms
as their own dogs on their skin.'® Pregnant women who live with dogs
are twice as likely to have intestinal bacteria in their vagina as other
women." It is of interest to note that pregnant women who have dogs
in their home are less at risk of having children with allergies.’® Expo-
sure to many different microorganisms can be good for us.

The Skin Glands Produce a Scent

The skin is our largest organ and represents 12-15 percent of our body
weight.” There are first and foremost three types of glands that pro-
duce odorants from our skin.?° The apocrine sweat glands are the most
important and produce different lipids, proteins, and steroids. They
are found predominantly under the arms, on the chest, and around
our genitals. The eccrine glands are the true sweat glands. They are
found all over the body and are especially concentrated on the palms
of the hands, the soles of the feet, and the forehead. The sebaceous
glands (or holocrine glands), which produce oily secretions (such as
fatty acids and wax esters), are found all over the body but predom-
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inantly where we have hair, such as on the head and face. Most of us
have experienced having somewhat greasy hair or pimples, and it is
these holocrine glands that produce excess secretion. This increase in
the production of secretions in humans can be due to hormones, preg-
nancy, menopause, climatic conditions (warmth or humidity), pollu-
tion, and/or stress.?! It is well known that the head has a characteristic
odor that can vary in its intensity from one person to the next.?>

Human beings have approximately 5 million glands that produce
the secretion that is transported to the surface of the skin through the
pores.? Atbirth, our sweat is virtually odorless, since it is mostly water,
but the microorganisms will eventually produce a scent. When our sweat
smells bad, it is usually from our armpits and feet, and is transferred to
the clothing and shoes we wear.?* The odor of our sweat is therefore an
important source for dogs that are searching for and tracking us.

In 1990 the French scientist Jean-Claude Filidtre and his colleagues
at Franche-Comté University demonstrated that when a dog sniffed
a doll wearing the clothing of a child it did not know, the dog sniffed
more in the genital region. When the dog was presented with a doll
wearing the clothing of a child it did know, the dog sniffed in many
different areas. This means that a dog will first identify the child by
sniffing at the genital region, and then attempt to establish the child’s
emotional and mental state by sniffing the body and then the head.®
In another study done by the same scientists the following year, they
found that a dog will always sniff a familiar person more than an un-
familiar person. When a dog met its adult owners, it sniffed at many
different body areas. In meeting with an unfamiliar person, again the
dog sniffed the genital area first to determine the identity, and then
sniffed mainly at the head and hands to discover something about the
person’s emotional state.?¢

The different parts of the human body have different smells because
the number and types of skin glands vary. Human beings also have
different types and amounts of microorganisms, and we do not have the
same access to oxygen everywhere on our body.? If a dog is allowed to
sniff a T-shirt, it will not necessarily recognize a pair of jeans from the
same person.? The volatile odorants from the hands, the saliva, breath,
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blood, and urine of the same person are too dissimilar to be useful in
comparisons, such as in a scent lineup (see chapter 7, “Police Work”).?
The volatile substances from the skin on the upper part of the back and
the forearms are quite similar, but there are also significant differences.
Both of these body regions have sebaceous glands, but these glands are
much more concentrated on the upper part of the back than on the
lower part of the arm.* If a person puts on underwear that has been
worn first by somebody else, and then gets into a car belonging to a
third person, it is said that a dog will be able to differentiate between the
scents of all three people if it is given a scent sample from the car seat.”

We emit quantities of volatile substances from our feet, which make
it possible for a dog to follow our trail.>? People who have a strong foot
odor have many fatty acids, and the substance isovaleric acid is only
found in people with foot odor.* These volatile fatty acids pass through
the soles of shoes and are deposited on the ground. Foot sweat also
passes through rubber boots and is deposited on a trail. The front part
of the foot will give off the most odor because the greatest number of
sweat glands are accumulated there. The oily secretion between the
toes is more prone to attack by bacteria. The amount of odorants emit-
ted depends on whether or not you are wearing socks with your shoes
and the kind of materials your shoes are made of >

In order for dogs to find an object, odorants from the skin glands
must have been deposited by the person who has touched the ob-
ject. Odorants from the hands come from the eccrine and sebaceous
glands.* Research scientists Aline Girod and Celine Weyermann at the
University of Lausanne in Switzerland found in 2014 that fingerprints
from twenty-five people contained 104 different fatty substances.
Some people emit many substances, while others emit only a few.*
If we hold a stick in our hand for just one or two seconds, this is suf-
ficient to enable a dog to identify it. Contact with a single fingertip is
enough. The dog will also manage to determine whether a stick lying
on the ground has an odor on the sides, top, or underneath.’” Dogs are
able to identify our scent on fragments of glass that have been stored
indoors for a month and outdoors for two weeks.* Even if a metal pipe
carrying a human scent has been exposed to temperatures of up to
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TABLE 1: The most important sources of odor in humans and

predominant use

Our most important

sources of odor Used predominantly by

Skin cell flakes Dogs searching for humans

Sweat and sebaceous glands Dogs searching for humans

Breath Rescue and medical detection dogs

Saliva Police dogs

Blood Rescue, police, and medical detection dogs
Semen Police dogs

Urine Rescue and medical detection dogs

Feces Medical detection and environmental dogs

Sources: B. Schaal and R. H. Porter, “Microsmatic Humans Revisited: The Generation
and Perception of Chemical Signals,” Advances in the Study of Behavior 20 (1991): 135-99;
M. Shirasu and K. Touhara, “The Scent of Disease: Volatile Organic Compounds of

the Human Body Related to Disease and Disorder,” Journal of Biochemistry 150

(2011): 257-66, doi:10.1093/jb/mvrogo; M. Kusano, E. Mendez, and K. G. Furton,
“Comparison of the Volatile Organic Compounds from Different Biological Specimens
for Profiling Potential,” Journal of Forensic Sciences 58 (2013): 29-39, doi:10.1111/
j-1556-4029.2012.02215.X.

800-900°C, dogs will be able to identify our scent. In one experiment,
however, none of the dogs succeeded in identifying the scent when the
temperature was 1000°C.* In 2014 the scientist Petra Vyplelova at the
University of Prague discovered that it is not necessary for us to be in
contact with an object for our odorants to be deposited. If we hold our
hand five centimeters above a rag for three minutes, a dog will be able
toidentify us by sniffing the rag. In other words, our scent is deposited
in the environment around us even if we are not in direct physical
contact with our surroundings.*°

Professor of behavioral biology Tadeusz Jezierski and his colleagues
in Jastrzebie-Zdrdj, Poland, demonstrated that it is easier for dogs to
identify smells from women’s hands than those from men’s hands. This
may be due to the fact that it is easier for dogs to recognize the scent of
women or that dogs are more attracted to the scent of women.* This is
supported by a chemical study that established that there were more
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chemical compounds found on women’s hands than on men’s (58 versus
46 compounds), and some compounds were only found in the one gen-
der.*? A dog trained to detect progesterone preferred the smell of preg-
nant women over the smell of men or women who were not pregnant.

Human Odors Survive Bomb Explosions

In 2010 scientist Allison M. Curran and her colleagues at Florida Inter-
national University wanted to find out whether human odors survive
the extreme conditions of an explosion.** They collected odors in a car
from the steering wheel, a door, and a nylon bag after a car bomb had
exploded. Two people had been in the car—a terrorist and his driver. It
was therefore possible that odors from both people had been deposited
on these objects. After having activated the bomb, the two men walked
to a city a few kilometers away. There they each went their separate
ways and walked to different buildings. Six other people were also in
the area. The dogs did not know any of the people. The dogs’ task was
to track down the terrorist and the driver four hours after the explo-
sion. First, they were allowed to sniff the odor that had been collected.
When the trail divided and went in two directions, they were supposed
to choose one of them. The wind direction on this day was favorable,
coming from the driver and toward the dogs. As a result, all twelve of
the equipages (dog and handler) followed the trail of the driver. Eight
of these managed to locate the driver at the end of the trail. In another
similar trial using improvised explosives, all except one of the equi-
pages were able to follow the trail and locate the terrorist or the driver.
In these two trials, the dogs managed to find the terrorist or driver in
82 percent of the trials.

The Direction of a Human Trail

For most carnivores, it is important to be able to locate and track prey
in the right direction in order to survive. But how do dogs know how
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to determine the direction on a trail? Eight hundred years ago, Ice-
landic author Snorre Sturlason described how two Norwegians, who
were being held prisoner by the Swedes in 1026, escaped from prison
and tricked their pursuers by fastening reindeer hoofs back-to-front
beneath their shoes. According to the story, the Swedish tracker dogs
followed the trail in the wrong direction and ended up near the place
where the two Norwegians had been imprisoned. Here they found
a big hole in the fence. Subsequent research carried out by biology
professor Johan B. Steen at the University of Oslo and scientist Erik
Wilsson at the Swedish dog training center in Sollefted, however, has
shown that dogs are not fooled by a trail that looks like it is moving
backward. In another experiment, the dogs were unable to determine
the direction of a trail laid on grass or asphalt. This was because the
trail was created either by dragging a pair of shoes along the ground
or by walking with such small steps that the heel hit the ground in the
same place where the tips of the toes from the previous step had been.*

In 2005 Professor Peter Hepper and research scientist Deborah L.
Wells at Queens University in Belfast showed that when the scent of
footsteps is removed, dogs are not able to determine the direction of
the trail.*¢ It turns out that dogs use the individual scent deposited in
footprints to determine the direction. In a normal footstep, the heel is
set down before the toe, but this was not what the dogs used to figure
out the direction. Dogs can “read” when a footprint is created and assess
the time the footprint is made for the different steps, and thereby deter-
mine the direction of the trail. A footprint needs only one to two seconds
to change (depending upon the environment), and because of this the
difference in the odor of each footprint is sufficient to enable the dog to
determine the direction of the trail.#’ Experienced dogs are extremely
certain when they determine the direction of a trail, and experiments
have shown that dogs can determine the direction of a human trail on
the basis of only two to five consecutive footprints. They manage this
onboth a grass surface and a hard surface such as asphalt.*® It may also
be that the fresher the footprint, the stronger its odor, so the dog follows
the trail in the direction where the scent is the strongest. When research
scientists Steen and Wilson walked at one step per second and their
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footsteps were separated, the dogs managed to determine the direction
of the trail. The scent of each footprint is then, theoretically speaking,
1/1,800 different from the preceding one and the dogs can detect this
difference.* An alternative explanation is that more recent footsteps
have a weaker scent than older steps. This can be due to older footprints
having been affected by the environment and bacteria and thereby “pu-
trefied.” Newer footsteps therefore smell less putrefied than footsteps
created earlier, which enables the dog to determine the direction of the
trail by moving in the direction of the least putrefied scent.*

Individual dogs differ greatly when it comes to their abilities for
determining the direction of a trail.”! In another study carried out by
Wells and Hepper in 2003, relatively few of the dogs managed this (8
out of 22), and their abilities proved to be age- and sex-dependent.*
The male dogs found the correct direction of the trail more often than
the females, and the younger animals were more adept than the older
ones. Male dogs are probably better because they are usually more
involved in odor-based activities such as tracking females and scent-
marking their territory.*

Human beings’ sense of smell deteriorates as we grow older and
becomes less sensitive to heavy substances.* This would also appear to
be the case for dogs.” The olfactory mucous membrane becomes thin-
ner, and the number of olfactory receptor cells decreases when dogs
age beyond fourteen years.*® The dogs’ performance outcomes also de-
pended upon the direction in which the trail was made. The dogs were
better at determining the direction of a trail made from left to right,
than one made from right to left.>” This can be due to wind conditions
or the dogs’ and handlers’ preference for the direction to the right.*
Dogs use the right nostril when they are sniffing unfamiliar odors, so
presumably they more frequently followed the trail to the right.

Human Beings Can Also Follow a Trail

In a study done at the University of California, Berkeley, in 2007, PhD
candidate in biophysics Jessica Porter and her colleagueslaid a 10-meter
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trail of chocolate in a grass field. They then asked students to follow the
trail using only their sense of smell.”® The students were blindfolded,
wore heavy gloves on their hands, and had earplugs. Most of the stu-
dents were able to follow the trail. They tracked in a zigzag pattern
similar to the way dogs do. When the students used only one nostril,
they were slower and not as accurate while students who used both
nostrils were quicker and more accurate. The faster they tracked, the
faster they sniffed to acquire the same information, and the more they
practiced, the more they improved. These experiments show that the
use of both nostrils is important in following a trail. In other words,
stereo-sniffing is important for discovering the source of an odor, in
the same way that a pair of ears is important to locate the source of
sound and two eyes are important for depth vision.®°

Jayne M. Gardiner, PhD candidate in sensor biology at the Univer-
sity of Southern Florida, and Jelle Atema, professor of biology at Bos-
ton University, carried out odor trials on sharks in 2010. They found
that the sharks did not compare the odor concentrations from both
nostrils to navigate, as we have long believed, but instead registered
when the odor arrived in the nostril. Sharks can detect small delays in
the time when odorants meet the one nostril in relation to the other,
and thereby turn in the direction of the side that picks up the odor
first. These results contradict the common conception that an animal
follows a trail based on differences in the concentration of odorants.®
Like sharks, dogs also know which nostril the odor enters.®?

What Kind of Information Is Found in Our Odor?

As far back as 1887, the English evolutionary biologist George J. Ro-
manes documented that dogs were able to differentiate between people
based on their odor.®® The odor we produce reflects our internal phys-
iological and metabolic status in a complex interaction between our
genes and the environment.® It is not just the hands of individual people
that are different, but also the saliva, breath, blood, and urine.® Many
studies have shown that the major histocompatibility complex (MHC)
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plays an important role in the recognition of individuals and family
members.*® It also plays an important part in the attractiveness of hu-
man beings.®” All of us—with the exception of identical twins—have
different genes, and MHC variation can therefore provide dogs with
information about a person’s identity.%

Our odor is also dependent upon our sex and race.® Men have more
and larger apocrine sweat glands than women, and the androsterone
level in the armpits is therefore also much higher.” Each of the sexes
also hasits own particular odor because the bacteria found in the armpits
are different.” It is the armpits in particular that give each of us our own
distinctive odor, since all three types of skin glands are found here in
large quantities. Many of the odorants here are also in our urine and sa-
liva.” Asian people have fewer and less active apocrine sweat glands and
therefore less of an odor. They also have another type of earwax.” Be-
cause of genetic differences, the armpits of Caucasians and Africans have
a stronger odor than those of Asians. Our body odor also changes with
age, especially during the period from childhood until puberty and from
midlife (around the age of 39) until we reach old age.” For this reason,
sometimes dogs won't give indications for the odors of children and teen-
agers if they have been trained to find adults. It is therefore important to
train dogs for different age groups, for children, teenagers, and adults.

Women'’s odor changes during menstruation and pregnancy. Our
emotional state and the state of our health also have an effect on our
odor. Illnesses often produce a characteristic odor, such as the smell
of cancer (see chapter 10, “Medical Detection”).” The human odor is
also intensified by extreme happiness or sadness.”® Many people even
maintain that dogs can smell the difference between tears of joy and
the types of tears that are secreted due to sadness or fear. This is sup-
ported by the 2011 research findings of Shani Gelstein and colleagues
from the Edith Wolfson Medical Center in Israel, which showed that
men were unconsciously affected by the smell of the tears of women
who had seen a sad movie. The men’s sex drive was reduced (their tes-
tosterone level went down) by the women who were shedding tears.”
And in that people can react to the smell of tears, there is every reason
to assume that dogs will do the same.
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The odor of human beings changes in response to states such as
stress or fear, and dogs perceive this. If a person is feeling stressed,
the substance cortisol is secreted. Police dogs can find the people they
are searching for more easily than rescue dogs can because the former
more frequently track criminals, who have a stronger odor. Criminals
often sweat a great deal because they are afraid and are very phys-
ically active during a crime. Criminals who commit sex crimes are
usually very aroused, which also produces a stronger odor. These in-
dividuals are therefore easier to track. Some people simply smell more
than others, and the stronger their smell, the better it is for the dogs
trying to find them. The odor emitted by individuals with Alzheimer’s
disease, who have alimited emotional capacity, is weaker than that of
other people, which makes it much more difficult for dogs to find them.
People with autism are also more difficult to track down.”

Our odor contains information about the following:

o individual identity”

o sex8

o race®

. ageSZ

« kinship®

« reproductive status (pregnancy, ovulation, and menstruation)®
o illnesses®

« emotions such as happiness, sadness, stress, fear, and anxiety®®

« psychiatric conditions®

Dog Brain Scans

A number of canine research scientists have now implemented func-
tional magnetic resonance imaging (fMRI), a brain-imaging technique
that depicts changes in activity in areas of the brain in both humans
and animals. This method can provide helpful information about the
connection between cognitive activity (which has to do with compre-
hension, understanding, and thought) and the location of the func-
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tions in the brain.%® In 2012 professor of neurobiology Gregory S. Berns
at Emory University in Atlanta trained thirteen dogs to lie completely
still for an fMRI.%° The dogs lying in the fMRI machine were allowed
to sniff the urine of both unfamiliar and familiar dogs and from both
unfamiliar and familiar people. They were also allowed to sniff their
own urine, but no brain activity was registered in that case. The sci-
entist found this comparable to our own breath, the smell of which we
don’t recognize. Unknown odors from people and other dogs required
alot of brain activity. Familiar odors from people or dogs, on the other
hand, did not require much brain activity. When the dog sniffed urine
from a person it knew, the part of the brain that stores memories was
activated. This experiment showed that the dog managed to identify
important people in its life even if the person in question was not phys-
ically present. The odor of the person was stored in the dog’s brain.*®
This technique opens up an abundance of new possibilities for further
study of the dog’s brain.”

Can Dogs Tell Identical Twins Apart?

Many research scientists have carried out odor studies on identical
twins to find out whether dogs can tell them apart.® Identical twins
are genetically the same but have different fingerprints. But do they
also have different odors? The studies have produced mixed results,
probably because the dogs used had received different types of train-
ing. In 2011 research scientist Ludvik Pinc and his colleagues at the
University of Prague carried out new trials in which the dogs were put
through an intensive and more advanced type of training.*® Ten po-
lice dogs were given the task of comparing the odor from a cotton ball
that had been in contact with the abdominal region of identical twins
and dizygotic twins, respectively, for twenty minutes. Both pairs of
twins lived in the same environment and received the same food. In
each trial, the odor of one of the twins was used as a starting point,
and the dog was supposed to find out whether the odor from any of
the glass jars on a scent detection board came from the other twin.
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All of the dogs were able to differentiate the odors of all the dizygotic
twins. Surprisingly, they were also able to differentiate the odors of
the identical twins. All of the dogs were also able to find two odors that
were collected from the same individuals. The results showed that the
dogs were able to differentiate between individual odors from identi-
cal twins, even though they have lived in the same environment and
eaten the same food, and this was also the case when the odor was not
presented to them at the same time.** The level of training the dogs
received was, in other words, of decisive significance to the results.

Tutta Sniffs Out Nervous Customers at the State
Liquor Store

In September 2013, the Norwegian state liquor store, Vinmonopolet,
launched a national campaign to discourage minors from using a fake
ID to buy alcohol. In Norway the legal drinking age is eighteen years
old for wine and twenty for liquor. Everyone under the age of twenty-
five must present valid identification when they purchase alcohol, and
the consequences of being caught using a fake ID are relatively severe,
ranging from a fine to a black mark on one’s record, to imprisonment.
Vinmonopolet turns away approximately 10,000 people annually at
the cash register because they are underage or because they don’t have
proper identification. In a study carried out by Vinmonopolet, one out
of ten young people under the age of twenty-three reported that they
had tampered with or borrowed an ID to buy alcohol. Vinmonopolet
decided to address a serious problem in an untraditional and humor-
ous way.

In the summer of 2013, the dog trainer Torun Thomassen trained
the dog Tutta to detect the odor of fear emitted by persons carrying a
fake ID. People in this situation may, of course, be nervous for other
reasons, but if Tutta indicates detection of a target by freezing in place,
the customer in question receives an informative brochure explain-
ing the consequences of using a fake ID. Vinmonopolet thereby gives
young people a friendly reminder, while simultaneously spotlight-
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ing the problem. Thomassen used samples containing both high- and
low-stress levels from the same person and taught Tutta to ignore the
samples with low values. Young people from a local athletics club had
contributed the odor samples, and young people doing their compul-
sory national service at the armed forces’” dog school had volunteered
to help Tutta with the training. When a person is planning to do some-
thing illegal, such as use a fake or borrowed ID, the brain initiates a
response to cope with the stressful situation. The substance cortisol
is emitted by the adrenal glands into the blood and subsequently out
through the skin, especially in those areas where sweat is usually se-
creted. Tutta was trained with this substance on both a training plat-
form and scent detection board and subsequently on people in the age
group 16-20 years. Tutta has traveled to different state liquor stores
throughout Norway, such as in Bergen, Kristiansand, Oslo, Stavanger,
Trondheim, and Tromsg. At the Vinmonopolet in Porsgrunn, Thomas-
sen attached a cotton ball containing high cortisol levels to the back of
the knee of a volunteer. On another person she attached a cotton ball
with normal cortisol values. Tutta went directly to the person with the
high cortisol values and indicated detection by freezing in place. Tutta
was then rewarded with her well-deserved Kong rubber chew toy.”



Pet Finder

We don’t always know where to start searching. Is the
dog still alive, is it injured, or is it dead? Detective Kat
Albrecht from Seattle was the first person in the world
to begin doing professional searches for missing pets.!
One winter day in 1997, her bloodhound AJ disappeared.
He had dug a hole beneath the fence of his pen and run
away. Perhaps he got a whiff of an irresistible odor that
he just had to follow? Kat had lost not only a pet, but also
her partner on the police force. She grew frightened
and feared she would never see AJ again. She contacted
a colleague who worked with Thalie, a golden retriever
search and rescue dog. Thalie was allowed to sniff AJ’s
bed and was subsequently sent out to follow AJ’s trail.
Within fifteen minutes, Thalie had found AJ in the neigh-
borhood. Then Kat understood that dogs not only under-
stand the cue “Sniff this pillowcase and find the per-
son,” but they can also understand “Sniff this bed and
find the dog that slept here” (see chapter 5, “Search and
Rescue”).

55
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The Bond between the Dog and Its Owner

Since you are reading this book, it is highly likely that you are a “dog
person.” Dog people are said to have a personality that is different
from that of cat people.?2 Dog people are known to be more outgoing,
positive, and conscientious than cat people. Having a dog as a pet has
psychological and physiological health benefits, and dog people know
that a dog is a positive influence on our health and well-being.> Many
dog owners go for walks in all kinds of weather, which means they
exercise regularly. Dogs make us happy, keep us healthy, and give us
an experience of being loved. When we are having a good time with
our dog, this causes the levels of the hormone oxytocin to increase
in both us and our dogs. Oxytocin has a tranquilizing effect, and the
heartbeat, blood pressure, and stress level are all reduced. The likeli-
hood of having a heart attack is substantially diminished, but should
it nonetheless occur, the probability of survival is three to four times
greater if we have close contact with a dog* (for more on this subject,
see chapter 10, “Medical Detection”).

The experience of being greeted by a happy dog wagging its tail
when you come home after a long day at work is wonderful. The
amount of time dogs are left at home alone, however, will influence
how they greet us when we see them again. If we are away for two to
four hours, the dog will wag its tail more, lick its lips more, and also
wiggle its body more than if we are away for only thirty minutes. Also,
the longer a dog has been alone, the more its heart rate will increase.’
People who spend substantial amounts of time with their dogs will end
up with dogs that seek a lot of contact when they are reunited with
their owner. This can be due to the fact that the dogs are rewarded by
the owner for seeking physical contact, or that dogs who are more at-
tached to their owners are not as accustomed to being alone and there-
fore react with more contact-seeking behavior, the way an insecure
child will do. Even if a person has a strong emotional tie to his or her
dog, it unfortunately does not appear that dogs are equally attached
to their owners.®
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Searching for Pets

Dogs can also track down pets.” In general, we can say that dogs track
animals in the same way that they track humans. When dogs run
away, it can often be very difficult to locate them. Most people will
do everything they can to find a missing four-legged friend. If they
are accompanied by a trailing dog trained in scent discrimination, this
job will be much simpler. A scent-discriminating trailing dog will be
presented with an object the missing dog has been in contact with to
sniff at before the search begins.

Dogs that enjoy playing with other dogs can be suitable pet finders.
After her experience with a pet finder, Albrecht started her own com-
pany, Pet Hunters International. Albrecht and her dog AJ have helped
more than 1,800 pet owners find their pets: besides dogs, they have
located cats, horses, snakes, tortoises, ferrets, iguanas, and even a
gecko that escaped from an aquarium. She has trained more than 200
pet detectives in the United States, Canada, Mexico, Japan, Italy, Aus-
tralia, and Ireland, who have in turn helped thousands of pet owners
recover their missing pets.®

Can Dogs Find Their Way Home over Large Distances?

There are a number of indications suggesting that dogs have an incred-
ible aptitude for finding their way home again. A family in the United
States brought their young dog with them on a train, after deciding to
move from Canon, Colorado, to Denver. The train traveled over several
large mountains and rivers during the 257-kilometer journey. The dog
clearly did not like its new dwelling and wanted to go home. A week
later it was back. A neighbor heard the dog’s intense barks of joy and
adopted it.” How had the dog found its way home? The findings of re-
search scientist Vlastimil Hart and his colleagues at the University of
Prague in 2013 indicate that dogs may have a “sixth sense” that enables
them to “read” the earth’s magnetic field. Like many other animals,
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dogs are sensitive to the earth’s magnetic field. Dogs prefer to align
their body along a north-south axis while defecating and mark with
urine when the earth’s magnetic field is calm (which it is for approxi-
mately 20 percent of the day).?°

The Sources of a Dog’s Odors and Marking Activity

To understand how dogs manage to find other dogs, it is important to
know something about the sources of the dog’s odors and its marking
behavior." Odor signals are produced by the dog’s entire body, both in-
side and out. Dogs have far more sources of odor than most people are
aware of. Dogs are constantly shedding dead skin cell flakes that carry
the scent of their skin or that have been altered by bacteria. Odorants
from the dog can also come from the breath, hair, genitals (urine and
vaginal secretions or foreskin secretions), the rectum, feces, glands,
or body fluids (e.g., blood and saliva).”?

The dog can deposit odor markings both passively and actively. Pas-
sively, odor is deposited from the glands on the dog’s paws as it walks.
The dog can actively mark by urinating on a lamppost, a tree, or a
building, by defecating, or by rolling on the ground. Anal sac secretion
can also be sprayed and deposited on the ground or on feces. The dog
will also deposit body odor on vegetation or other surfaces around its
trail. A paw print causes the release of fluids from plants, and bacteria
breaks down the dead plant cells on or in the soil.?

Rolling in Feces, Cadavers, and Other
Foul-Smelling Materials

There are many myths about why dogs roll around in substances that
have a strong odor, rubbing, in particular, their jowls, throat, and
neck on the smelly substance. Are they doing this to (1) hide their own
odor from potential predators, (2) inform group members of a good
food source, (3) deposit their own odor, (4) perfume themselves with
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and revel in the odor, (5) ascend in rank, (6) change their own odor, or
(7) create a diversion for group members so the recognition ceremony
will be friendlier for those who come home, and so they forget every-
thing else? Are they trying to defend their food, which can be a com-
pletely or partially rotten animal or cow dung, by marking it?** Why
don’t they mark these with urine or feces instead and then roll around
beside it?® And why don’t they just eat the dung, there and then? Un-
fortunately, as of 2014, no scientific studies have been done to explain
this behavior of dogs. The first explanation, to hide their own odor
from potential predators, is probably the most credible.’

Odors from Skin Glands

Dogs have sebaceous (or holocrine) glands that empty out into the hair
follicles. These glands are found on the back of the neck, the back, and
the tail. They are also found on the transition area between the skin
and the mucous membrane on the lips (the corners of the mouth), in
and around the ears, and on the labia and eyelids (tear glands).”” These
glands produce an oily secretion called sebum. Dogs also have apocrine
sweat glands that are connected to the hair follicles and emit a water-
like secretion.’® These are found on the face and lips, and behind and
between the toes, and become active during puberty at six to fourteen
months old.”

The hairs on dogs’ shoulders and back stand up when they are
afraid or when it is cold, making them look larger than they actually
are. This is a visual signal that is easy for us to recognize. Another
dog perceives this as meaning that it would be a good idea to back off.
When we “get the chills” from the sound of somebody singing beauti-
fully, or when we are frightened by a scary scene in a horror movie,
the hairs on our arms also stand up. We get goose bumps from such
intensely emotional situations. The same thing happens to the dog’s
hair. When dogs get frightened, for example, an involuntary reaction
occurs causing the release of hormones, such as adrenaline. These hor-
mones cause the muscles to stretch the skin, so the hairs stand straight
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up and secretions from the sebaceous glands and the apocrine sweat
glands are released.?° It is therefore likely that these secretions say
something about the dog’s emotional state.

The eccrine glands are the true sweat glands and are not connected
to the hair follicles. In dogs they are found only on the paws, but there
are more of these glands than apocrine sweat glands.? The secretion is
produced first and foremost through activity and heat stress, but can
also be emitted involuntarily from the nervous system.?> Dogs often
scrape the ground with stiff legs when they discover a urine marking
or feces. It is very likely that dogs are depositing a new scent marking
from the apocrine sweat glands between the toes and from the true
sweat glands on the paws. In addition to the odor from the glands on
their paws, the scraping will produce a visual signal that attracts the
attention of other animals to the urine marking or feces.?®

It is important for animals to be able to distinguish kin from non-
kin to prevent inbreeding. Many animals use odorants to accomplish
this. Can dogs recognize one another by odors? Puppies that are from
four to five and a half weeks old recognize the odor of their siblings and
mother, and the mother recognizes the odor of her litter. Mothers are
even able to recognize their adult offspring from their odor two years
after birth even if they haven't lived with them since they were eight
to twelve weeks old. Siblings were only able to recognize one another
if they had lived with another sibling.**

Odor Markings from Urine

When a dog urinates on a lamppost, it is most likely not just informa-
tion about gender and species it leaves behind, but also a signal com-
municating its identity. The urine compounds are volatile and will
evaporate after a while, so the marking is diluted and for this reason
dogs must leave markings frequently. In mammals, it is usually the
males that leave the most markings, and this is true for dogs.?> Male
dogs will lift a leg when marking, something they may also continue
doing even if the bladder is empty.?® A dog that weighs 20 kilos pro-
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duces 0.5-0.8 liters of urine daily (25-40 ml/per kg).>” The marking
activity is controlled by the hormonal compound testosterone. The
production of testosterone begins in puberty and gradually increases
with age.?® This marking activity is therefore not as common in fe-
males.?® The urine of neutered dogs has another odor, and dogs are less
interested in urine markings from a neutered dog.*

Dogs are especially interested in things like lampposts, tree trunks,
and fire hydrants because other dogs have marked them with their
own urine. After having sniffed the marking, a dog will very likely
leave a marking of its own odor on top of it. Both male and female
dogs do this. Dogs compete to be on top. This is perhaps the most well-
known and often-used example of what we call scent over-marking,
which is also very common in many other mammals. Finding the
markings of strange animals will trigger this behavior, especially if
the animal is in its home territory. At the same time, marking activity
differs greatly from one dog to the next. That is also the case for my
dogs. Shib is without doubt a dominant dog. She marks almost every-
where and most of the time. Chilli is not nearly as active. The male dog
Tapas, however, marks the most. When we are on a ski trip with Tapas,
it is not always an easy matter getting him to pull me behind him on
skis the way I want. He is more interested in all the markings along the
trail and will stop to mark over these. If Shib leaves a marking, Tapas
runs over and marks on top of it. Is he trying to guard his beloved Shib
by doing this? Males show less interest in the urine of a female in heat if
it also contains urine from another male. This over-marking possibly
reduces the chance of another male understanding that a female is in
heat, or sends a clearer message that this female already has a mate
or is “taken.” Usually the markings will only partially overlap. They
can therefore also inform females and male rivals about the presence
of a male with a high ranking in the proximity of adult females.* This
over-marking activity is an important means of establishing new re-
lationships without fighting, increasing group belonging, and building
up and maintaining stable ranking in the group.*

It is said that male dogs can smell female dogs in heat more than
four kilometers away.*® A female dog in heat emits powerful odorants.
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In the classic work The Horrible and Terrifying Deeds and Words of the
Very Renowned Pantagruel King of the Dipsodes, Son of the Great Giant
Gargantua from 1532, Renaissance author Francois Rabelais tells the
story of how Panurge took revenge after having been rejected by his
beloved. Panurge killed a female dog in heat and cut out her womb.
He chopped this up into small pieces, which he then surreptitiously
rubbed on the dress of his beloved. Large and small dogs, fat and thin,
all arrived bursting with the desire to mate, and sniffed and urinated
all over her. Everywhere she went, the dogs followed the trail left by
the train of her dress to her home.>

It is interesting to observe dogs’ marking activity in the wintertime
when the markings are much more visible and can be detected as yel-
low patches in the snow. Do dogs mark over all the other markings,
only partially, or beside them? We have also noticed while doing our
research on beavers that animals’ markings can be yellow or reddish-
brown patches that are visible in the snow. When we wanted to find out
whether the beaver marked its odor with compounds from castoreum or
the anal glands, we collected odor markings made in the snow. Through
chemical analyses, it was easy to find out whether they had used one
or the other, or both. In the context of our continuing beaver research,
we also collect odorants from animals we capture alive. We create two
artificial odor markings side by side that the beavers can compare. We
record which marking they investigate first, how long they sniff at the
different markings, how much time they spend destroying them, and
whether they will would leave their own odor there. We can do these
experiments with many different combinations of samples.* We can
put out such odor markings in different beaver areas. The odor can be
collected from the beavers’ territory or from other areas.

You can also carry out these types of simple odor experiments if
you want to determine how your dog reacts to different odor mark-
ings. When your dog marks in the snow, you can see clearly where it
has done so, since the snow will be yellow. You can collect this odor
marking in a disposable rubber glove or a clean plastic bottle. After
having collected the marking from your own dog, you can also collect



PET FINDER 63

markings from other dogs. If you also have markings from females in
heat and females that are not in heat, you can test how your dog reacts
to the different markings. If you want to collect many marking sam-
ples before you carry out the experiments, you should store these in
a freezer and thaw them out before you start. Take these markings to
another location and lay them out with a distance of around 15 centi-
meters between each of them. It is most likely that your male dog will
be more interested in the urine from other dogs than in his own. He
will also be more interested in the urine from females than males, and
more interested in females in heat than those that are not in heat. After
having sniffed at the urine, he will probably mark over it with his own
urine. In the snow, you can easily see whether he marks beside or right
on top of the other marking.*

The Puppy Leaves Home

It is stressful for puppies to come to a new and unfamiliar home.*” The
puppy has felt safe and content with its mother and siblings, but at one
point it must leave this secure environment. When our puppies left us,
we cut up the blanket they had been lying on, so each of the puppies
could take a small piece with them to their new homes, and thereby
also the odor of their siblings and mother. Puppies usually arrive in
a new home when they are between six and nine weeks old. And it
is, unfortunately, at this age that they protest the most loudly about
having been isolated.*® Another challenge for the new owner is house-
breaking the puppy. A synthetic odorant that is supposed to calm dogs
has been developed for this purpose. This substance can be emitted
from a container that is plugged into an electric outlet, from a spray,
or from a dog collar. The odorant resembles the scent that mother dogs
produce when they are nursing their puppies.* This substance can
have a tranquilizing effect on adult dogs and puppies in stressful situ-
ations such as during fireworks displays, when they are home alone,
when they are out traveling, while they are being trained, and when
they are boarding at kennels.*® In a placebo-controlled study by an-
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imal behavior researchers Katy Taylor and Daniel S. Mills from the
University of Lincoln in England, barking in particular was reduced
considerably using a dog-appeasing pheromone, and there were also
fewer urinations and bowel movements indoors.* When dogs are at
home alone, the scent of lavender and chamomile can have a relaxing
effect on them, while the scent of rosemary and peppermint might
make them more agitated.*? It is, however, important to be aware that
different dogs have different preferences when it comes to odors.*

Odor from the Anal Sacs

Dogs have anal sacs that are located by the anus. If you think of the
anus as a clock face, one of the anal sacs is located between four and
five o’clock and the other between seven and eight o’clock.** The anal
sacs are pouches beneath the skin that are a reservoir for secretions
from modified sweat glands (apocrine glands).* Normally speaking,
the anal sacs are the size of a peanut. The color of the secretion varies
from dog to dog and can have a yellowish, grayish, or brownish color.*
The consistency also varies. It can be watery (it is 88 percent water?’)
or oily, and its odor can be somewhat acrid. The color and consistency
from the right and left anal sacs can also vary.*

In comparison, the anal sacs of the wolf are surrounded by a layer
of muscle that enables them to control when they will deposit a secre-
tion. The secretion is, in other words, not passively deposited with the
feces.* Cheryl S. Asa, a research scientist in reproductive physiology
at the University of Minnesota, led a study in 1985 in which the scien-
tists sedated wolves and colored the secretion in the anal sacs with a
dye. The secretion was found in very few of the defecations. In addi-
tion, they discovered that the solidity of the feces had no bearing on
whether the secretion was deposited or not. The adult male wolves,
especially those who were sexually active, deposited secretion more
often than females and young wolves. Corresponding studies have not
been carried out on dogs, but it is very likely that this functions the
same way in dogs as in wolves.
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Back in 1969, veterinarian Conrad A. Donovan from Latrobe, Penn-
sylvania, was curious about how dogs reacted to the secretion from
the anal sacs of dogs in heat. He collected secretions from female dogs
and presented this to different dogs of both sexes. Adult dogs showed
the most interest. When he spread it on the behinds of other dogs, the
adult males tried to mate, while the younger males simply followed af-
ter them and sniffed. The secretion from females who were not in heat
led to sniffing, but not significant or with lasting interest. The same
reaction was observed for the secretion from dogs with an anal sac
illness. Donovan carried out further trials using the secretion from
dogs who had been frightened. When this secretion was applied to
the behinds of other dogs, the younger puppies showed an interest,
while the older dogs avoided them. It is well known that dogs will
spray anal secretion in response to extreme stress, such as when they
are visiting a veterinarian. This is an alarm signal that we are famil-
iar with from skunks, who will spray a secretion in self-defense.*®
Chemical analysis of canine anal sacs indicates that the secretion
contains information about the individual animal, including its sex
and breed.”

Many dogs develop problems with the anal sacs. Breeds such as the
Chihuahua, dachshund, miniature and toy poodles, and Cavalier King
Charles spaniel can have greater problems with their anal sacs than
other breeds. Obese dogs can have more problems than thin dogs, but
thin dogs can also develop problems. Small dog breeds can also have
problems emptying the anal sacs. It is in these cases that the dog starts
dragging its rear end in order to try and relieve the pressure. Many
also start chasing their own tail or biting or licking themselves in the
behind*? and can have difficulties defecating. If the secretion remains
in the anal sacs for a long period of time, it becomes thicker and ac-
quires the consistency of peanut butter, and the sacs become much
larger. The color then becomes more brown or yellowish green. When
things have progressed to this state, it becomes difficult to empty the
sacs and bacterial infections can arise. If a boil should form, this is
very painful for the dog. The anal sacs swell up and become reddish,
and they can finally burst. The dog must then be given antibiotics
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and possibly be operated on. Dogs that have such problems should be
drained on a regular basis.” In the worst-case scenario, a veterinarian
will have to surgically remove the anal sacs. It does not always help
to drain the anal sacs, because some dogs will recommence behind-
dragging activity a mere three weeks later.”* You can drain the anal
secretion yourself, but it is best to find a veterinarian for this task. If
you want to try to do so yourself, put on rubber gloves and insert your
index finger inside and up the anus (1-2 cm). Using your thumb, take
hold of the skin over the anal sac on the outside. Then push upward
and inward and toward the opening of the anus. If nothing comes out,
the condition may have already progressed too far, or else it could be
that you haven’t mastered the technique. In either case, you should
immediately take the dog to a veterinarian.

The Odor from the Supracaudal Gland

Dogs also have a supracaudal gland (or violet gland) that is located
approximately one-third of the tail length from the root of the tail.”®
The gland covers an area that is 2.5-5 centimeters long.* There is little
known about this gland, but it is said that it is used for odor markings.*
When I'took Shib to the veterinarian Elin Torg at the Telemark Animal
Clinic in Gvarv in the autumn of 2013, she was excreting a clear secre-
tion from her tail gland.

Odor Marking from Feces

Dogs can use feces for marking their home territory and particularly
where intruders are expected. They deposit the feces in striking and
often elevated locations. Markings on elevated sites are easier to de-
tect, in that the evaporation surface area at nose level expands and the
elevation protects the marking from being quickly washed away by
rain and dew. It has been observed that some male dogs use a “hand-
stand” (standing on their front paws and lifting their behind up in the
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air) to deposit their excrement in a spot that is higher up.*® It is most
likely that they do this to inform others of their size and thereby also
of their competitiveness.

Information from Saliva

When dogs meet, they sniff and lick at the corners of each other’s mouths.
Are they acquiring information from the odorants of the glands or from
the saliva, or possibly from both? It is interesting to note that male dogs
sniff and lick the corners of the mouths of females more frequently than
of males.” Dogs also lick each other’s fur and thereby transfer saliva
secretion. A mother will do this with her puppies to clean them and to
stimulate urination and defecation.®® The puppies also transfer their
saliva to the mother’s nipples and possibly also leave markings on the
nipples in this way. Saliva contains high concentrations of hormones
such as progesterone, testosterone, and cortisol, making it possible to
sniff out the differences between the sexes.®!

Information from Sniffing at Ears

Dogs sometimes sniff at each other’s ears when they are greeting one
another. Earwax—a yellowish gland secretion—is produced by modi-
fied sweat glands. The ears are an excellent area for bacteria and other
microorganisms to thrive, and these can produce different odors. In
1977 veterinarian and behavioral biologist Ian F. Dunbar at the Univer-
sity of California, Berkeley, found that male dogs showed little interest
in earwax if it was from other males. If it came from females, they
were a full twenty times more interested.®? By sniffing at each other’s
ears, at the very least they can acquire information about the other
dog’s sex.
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Search and Rescue

On March 6, 2011, there was an avalanche in Lifjell, Bg
municipality in Telemark, Norway, triggered by an arc-
tic dog named Fenris. His owner, Per Tore Iversen—who
also had a female dog, Isa, with him—plummeted down
the mountainside. His descent came to a halt at the end
of the 300-meter-long avalanche, where the snow was
seven to eight meters high. Iversen was fortunate. He
could breathe but was buried in such a way that only his
head was sticking up out of the snow. His skis were ly-
ing in a cross over his stomach. Even though there were
steel rims on the skis, he had not been injured. Luckily,
Iversen could also move his left arm. He managed to re-
move his glove so he could clear away some of the snow.
In this way he freed his hand and was able to reach the
shovel in his knapsack. The snow was as hard as a rock,
and he had to “chop” his way out with the shovel. Isa had
managed to run out of the way of the masses of cascad-
ing snow and was therefore not caught. After the ava-
lanche stopped, she lay down directly behind Iversen.
Fenris, on the other hand, was nowhere to be seen. Isa
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was not interested in searching through the avalanche. Iversen called
and searched as best he could, but he did not find Fenris and finally
had to give up. The Rescue Dog organization and a Red Cross group
also took part in the search for Fenris, but they were not able to find
the dog.

Iversen was unable to accept that his best friend had not been
found, and the next day he took Isa back to the area. This time he was
accompanied by his buddy Gunnar Fagerli and his two Alaskan mala-
mutes, the female Atka and the male Nanuq. Nanuq and Fenris knew
each other well and would often engage in playful tussles. Immediately
upon reaching the avalanche site, Nanuq began digging furiously in
the snow. Gunnar and Iversen understood immediately what had hap-
pened and they, too, started to dig. Nanugq had started digging just two
meters from the place where Iversen had been stuck the day before.
And there—under a meter of snow—a damp snout came into view.
Fenris was lying there all curled up and he was alive. The only injury
he had suffered was inflammation in his tail, but after treatment with
cortisone, he was as good as new. Fenris had not suffered any other
injuries after spending 28 hours under the snow. After Fenris was dug
out of the avalanche, he jumped right into Iversen’s lap and peed for
along time. He had not urinated while buried in the snow. For dogs it
is very important to have a clean living space (den), and that is quite
possibly why Fenris had not urinated.!

Fenris hitched a ride a short distance from the mountain with the
Red Cross snow scooter patrol, but after a little while he jumped off. He
preferred to walk down together with his two-legged and four-legged
friends. Fenris has since returned to the avalanche site and does not
appear to have been affected by his time spent buried in the snow. But
why wasn’t he found by the rescue crews and their dogs? The search
and rescue dogs had been trained with human odors, and very likely it
was for that reason they did not find the dog. Fenris’s playmate Nanugq,
on the other hand, was of course interested in the scent of his play-
mate. He was ready for another lighthearted tussle. Another possi-
bility is that the snow conditions changed the following day, allowing
more odors to rise to the surface.?
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Search and Rescue

The command “search and rescue” (SAR) is also used to describe dogs
employed for these purposes. The cues the dogs are given vary con-
siderably and other phrases, such as “track” and “go find,” are also
used. Dogs were used on rescue missions in the eighteenth century and
possibly even a hundred years before that.> Search and rescue dogs
are often classified according to the environment in which they work;
dogs that track using air scents are used to searching for missing per-
sons in the wilderness, in avalanches and landslides, in both collapsed
and intact buildings, in rivers, lakes, and many other places where
people have been reported missing.* They are also used to search for
cadavers (see chapter 7, “Police Work”). Searches can be broken down
into seven main types: (1) woodland searches and searches in large
land areas, (2) searches for evidence, or in small areas, (3) searches
for human remains/cadavers, (4) water searches for drowning victims
(see chapter 7, “Police Work”), (5) avalanche searches, (6) searches for
survivors following a disaster, and (7) searches for human cadavers
after disasters.’

Most search and rescue dogs are medium-size breeds, such as
golden and Labrador retrievers, Belgian sheepdogs (the Malinois, the
Tervuren), German shepherds, or border collies. The larger breeds are
usually used for avalanche searches, while smaller breeds are used to
search in rubble. It is important that the dogs are motivated, calm, and
social when in the company of other dogs and people, and that they
don’t have any physical infirmities. It is also important that they are
not aggressive. These dogs are usually owned, instructed, and trained
by volunteers who are not paid to do this job. Search and rescue dogs
work both on and off a leash. They can work with their nose to the
ground, where trailing dogs are usually presented with the scent of
an object from the person they are supposed to find before the search
begins (scent discrimination trailing).” Alternatively, search and res-
cue dogs can be presented with the scent of a place where one knows
the person in question has been for a period of time. A scent article
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can also be stationary, such as a car seat, window, or door handle.
Hairbrushes, toothbrushes, eyeglasses, and especially used tampons
are good scent objects. And naturally, the better the scent article, the
better the chances of the dog finding the person.® A search and rescue
dog taking its cue from air scents does not work on a leash and can
move across large areas of land. These dogs are more flexible and are
different from the scent-discriminating trailing dogs in that they need
not sniff an object before starting the search.

How long an odor lasts varies, and many different factors have an
impact on this. It can be a matter of different environmental factors,
such as the temperature, rain, wind force, and direction (see chapter
6, “On the Hunt”). It is easiest to find the person being searched for af-
ter an hour or two, and it becomes much more difficult as time passes.
According to policeman and author Jeff Schettler, after twelve hours
there is a less than 15 percent chance of finding the missing person. If
the trail is more than twenty-four hours old, the probability of finding
the person is less than 10 percent. Few dogs are able to follow a trail
that is more than twelve hours old, and it is best to follow the trail
within one to four hours.® However, there are reports of dogs that have
succeeded in following a 105-hour-old trail—in other words, a trail
almost four and a half days old.!° The longest trail we know of that
hasbeen tracked successfully was 216 kilometers long.” Of course, the
likelihood of finding the person being searched for also depends on
where the person is found (the terrain), the type of person and their
activity level (see chapter 3, “A Good Judge of Character”). The train-
ing the dogs have received is also significant: it is important to train
dogs on both new and old trails.

The Bloodhound: “The Ferrari of Noses”

Bloodhounds are often associated with searches for people. Unfortu-
nately, only a limited amount of research has been carried out on the
ability of the traditional bloodhound to track and distinguish between
the odors of different people,?? although in folkloric accounts it has
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been considered the best dog; it is often said to have “the Ferrari of
noses.”” The bloodhound was bred to track people using its sense of
smell by French monks who bred the St. Hubert bloodhounds in the
seventh century. In the 1830-40s, bloodhounds were used by the mil-
itary to track down Indians and runaway slaves in the southern states
of Florida and Louisiana.?

Although the bloodhound’s exceptional sense of smell has been
described in oral accounts throughout history, this breed’s ability to
track a human being was not scientifically tested until 2003.1¢ Eight
bloodhounds—three inexperienced dogs that had received less than
eighteen months of training before the test and five experienced dogs
that had received training for at least eighteen months—were put
on five different trails of lengths ranging from 0.8 to 2.4 kilometers.
The trails had been created forty-eight hours earlier and led to a fork,
where the dogs had to decide whether to follow the trail to the right or
left. One of the trails was from a person for whom they had received
an odor sample before beginning the search. The trails went through
a local park, a university campus, and finally a city. All these places
were heavily frequented by human beings. The results showed that
78 percent of the eight equipages completed the tracking test and
identified the right person. The inexperienced dogs did not do as well
(53 percent) at tracking as the experienced dogs that had also been
used in searches previously (96 percent). Training and thereby expe-
rience was accordingly very important for a successful search.

In another study done in the United States, the FBI tested a blood-
hound’s ability to discover human odor in a populated residential area.
They selected a person who hadlived in ahouse in Stafford, Virginia, for
seven years before moving to Albuquerque, New Mexico. Six months
after the person had moved to New Mexico, research scientists from
the FBI placed a bloodhound at an intersection several houses away
from where the person had lived in Stafford. The dog subsequently was
allowed to sniff a letter the person had sent from New Mexico, and it
then went directly to the house where the person had lived. In this case,
the traces of the person’s odor in the house had been preserved in spite
of being exposed to the elements for more than six months."”
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Itis a myth that bloodhounds will easily lose the trail of a person if he or
she goes into the water. Most of us have seen old black-and-white movies
in which the only route of escape for a fugitive is a river.’* Many crimi-
nals copy this strategy, but running in a river does not help. Some blood-
hounds in fact work better around water than in other locations. Body
secretions are almost like oil on the water surface and flow with the wind
and current. The odor can also attach itself to vegetation, stones, and soil
along the water’s edge and can spread several kilometers downstream.?

Disaster Search Dogs

The disaster search dog searches for people who are trapped in rub-
ble after a building has collapsed.?® This type of search dog also takes
part in searching for people in areas struck by other disasters, such as
landslides and rockslides, floods, earthquakes, tornados, hurricanes,
tsunamis, mining and railroad accidents, and military attacks.?! While
other search and rescue dogs are used for searches in large areas—
such as forests, lakes, or mountain regions—disaster search dogs are
used in smaller areas. Searches of rubble were first implemented in
England during World War II, when the Civil Defence forces used dogs
to search through the rubble following German bombings.

Disaster search dogs were used after the tragic bombing of the Al-
fred P. Murrah Federal Building in Oklahoma on a spring day in 1995,
and after the terrorist attack on the World Trade Center and the Pen-
tagon on September 11, 2001.22 Following the latter terrorist attack,
250 to 300 rescue dogs were used.?® The remains of the buildings were
moved to alarge area, where the dogs searched through tons of rubble
for human remains, such as tissue, bone, or even body fluids. One dog,
for example, gave an indication for a small object that looked like a
wood chip, but which turned out to be a piece of a human rib bone.*
Dogs were also used in Lockerbie in southwest Scotland in 1988, where
an airplane crashed due to a bomb on board. The explosion killed 243
passengers, 16 crew members, and 11 people on the ground. After the
earthquake in Friuli, Italy, in 1976, 12 dogs were able to find 42 sur-
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vivors and 510 fatalities.?® After a tsunami struck Yamada, Japan, in
March 2011, dogs were flown in from all over the world.

The disaster search dog can search for both living and dead people.
There is little consensus regarding whether dogs should be trained for
both, because of the risk of their giving an indication for a dead person
instead of a live one. A study done in 2006 by Professors Lisa Lit and
Cynthia A. Crawford at California State University, San Bernardino,
concluded that dogs that were trained for both living and dead human
beings should not be used when the smell of corpses was present and
the search is for survivors.?” The survivors might be overlooked, which
canlead to any injuries being compounded or the loss of lives. Disaster
search dogs should also be trained so they don’t give indications for
food, live or dead animals, or clothing.?® A healthy, adult person who
is uninjured and has access to fresh air has a large chance of survival
if found within 72 hours. Approximately 8o percent of those who are
found alive are rescued within 48 hours. After 72 hours, the survival
rate quickly drops and without access to water few people can live for
longer than 120 hours, in other words, five days.?

A trained rubble search dog will be able to quickly search through
the upper layers of a collapsed building and has a large possibility of
finding survivors. The dog sniffs its way to the odor of human beings’
breath, blood, skin, and urine. Carbon dioxide, ammonia, and acetone
are reliable indicators of an active metabolism, and these compounds
will spread quickly through collapsed buildings.*

In general, the disaster search dog is not given an object with a human
odor to sniff, because such an article is normally not available. These dogs
sniff the air surrounding the area where the search for people is to be
done (air scents). The dog does not work on a leash, because it can search
more effectively alone in collapsed buildings. The work at a disaster site
can be extremely dangerous both for the dog and the dog handler. When
the dog finds the scent of humans caught in the rubble, it moves toward
the area with the strongest scent. It can detect the scent of humans found
many meters inside a building. When it can’t get any closer, it will begin
to bark to indicate that it has found a living human being in the rubble.
This location will then be marked, and the dog will receive a reward, such
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as a game of fetch with a ball. If there is a suspicion that there may be
more people found in the rubble, the same dog is used again, or several
equipages will work in shifts. If there are no survivors, the handlers will
often have volunteers hide in the building so the dog can find them. For the
dogs finding survivors is a game, and the dog’s interest in the game must
be encouraged, upheld, and reinforced. The handler must be positive and
enthusiastic with the dog, even if the outcome of the search is negative.”

Disaster search dogs are being outfitted with more and more ad-
vanced equipment.*? This can entail everything from dog eyeglasses
with cameras to different types of harnesses with tummy bags, con-
taining medical supplies, a radio, food, and water.*® Since 2008, dogs in
the United States have been equipped with accelerometers (also found
in smartphones), which transmit wireless signals to a monitor where
the handler can study, among other things, the dog’s body position.*
For example, the dog may have been trained to sit when it has found a
dead human being and to stand and bark if the person is alive. The dog
handler will thereby know what the dog has found even if it cannot be
seen or heard. Research scientists can gauge the dog’s physiology by
using a special sensor.” This sensor is capable of measuring the oxygen
saturation in the brain by illuminating the brain tissue in the skull and
recording its reflection.’ The research scientists can also measure how
much energy the dogs expend on different activities with the help of
accelerometers.” In 2010 yet another useful tool was invented for the
disaster search dog. Professor of computer science Alexander Ferworn
at Ryerson University in Toronto and his research team developed a
robot snake that the dog carries in a belly pack. The robot snake is
freed when the dog finds the person it is searching for in the rubble
and the dog sounds the alert by barking. The rescue team can thereby
see and speak with the person trapped in the rubble.?®

Can Dogs Give Early Warnings for Earthquakes?

Many wild and domesticated birds and mammals can be sensitive to
signals preceding an earthquake.* It has been reported that dogs react
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up to twenty-four hours before an earthquake. Can these signals be
odors? And can dogs be trained to notify us before the earthquakes
occur? If so, volatile sulfur compounds are the most probable odor can-
didates, since sulfur oxide is emitted by earthquakes.*°

The Mountain Rescue Dog

The monks at the St. Bernard monastery in the Swiss Alps used St.
Bernard dogs to search for missing persons in the mountain passes
between Switzerland and Italy. The St. Bernard pass is located 2,438
meters above sea level. In the course of two hundred years, more than
two thousand people were rescued in the St. Bernard pass, from young
children to Napoleon’s soldiers.* The first avalanche search and res-
cue dogs were put to work in this pass searching for avalanche victims
as far back as the seventeenth century.*> From 1800 to 1812, the well-
known St. Bernard dog Barry operated in the region. He saved the
lives of forty-one people who had been caught in an avalanche or had
gotten lost in the mountains between Switzerland and Italy during the
winter.*® Between 1816 and 1818, there were heavy snowstorms that
took the lives of many dogs in avalanches while searching for people.
The last rescue done by a St. Bernard in this area was in 1897 when a
twelve-year-old boy was found alive but chilled to the bone. The St.
Bernard dog was formerly a muscular, wiry-haired dog. Dogs from
the Newfoundland and English mastiff breeds have been bred into the
St. Bernard of today. This has made the St. Bernard dog both large and
very heavy.

We often read in the newspaper or hear on the news stories of how
search and rescue dogs have found people buried under the snow. To-
day dog breeds such as the Australian shepherd, border collie, Ger-
man shepherd, rottweiler, giant schnauzer, Nova Scotia duck tolling
retriever, golden retriever, and Labrador retriever are used for av-
alanche searches.** A mountain rescue dog can find people buried
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several meters under the snow.* In Austria a dog found a person 7.3
meters deep in the snow.*® And dogs are efficient. A rescue crew of
twenty people will need twenty hours to search 0.625 acres. A dog,
on the other hand, can search through the same area in the course of
amere two hours.*

It is naturally very important to find people who are buried in the
snow as quickly as possible. The chance is greater than go percent
that the person being searched for will still be alive within fifteen min-
utes, but this drops to 30 percent after thirty-five minutes. After this,
it is impossible to survive without an air pocket.*® If there is an air
pocket in which to breathe, an avalanche victim can survive for up to
twenty hours.* Finding the person can be a challenge. It is easier to
find the person if the avalanche has moved across short distances (and
elevations) or if the snow is very loose.*® An avalanche can travel at
speeds of up to 193 km/hour (56.5 m/second) and carry several tons
of snow.”! The characteristics of the snow and its density determine
whether odor slips through the snow and up to the surface and how
the odor moves through the snow. The odorants from a person who is
buried in the snow follow channels in the snow where the density is
thelowest. Anice cap around a person in the snow will cause the odor-
ants to follow paths other than straight up to the surface. The deeper
in the snow the person is lying or the denser the snow, the longer it
will take for the odorants to reach the surface.”? In powder snow, the
dispersal rate of odor can vary from one minute per meter or less, to
fifteen minutes per meter if the snow is wet.”> In some cases, the snow
can be so compact that the odor will not slip through until holes have
been drilled in the snow. Dogs can easily search in temperatures as
low as -30°C. The stronger the wind, the greater the likelihood that
the dog will give an indication on the sheltered side of the location
where the person is buried. Since the air moves constantly through
the snow, the wind will also affect the odor beneath the surface of the
snow.>* It is important to be aware that in some cases odorants can rise
to the surface of the snow up to 15-20 meters away from the avalanche

victim.”
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On the Hunt

In the course of almost forty years of using pointing dogs
for ptarmigan hunting and research, the now-retired
professor of ecology Howard Parker has experienced nu-
merous examples of the dog’s incredible ability to sniff
out game under extremely difficult air-scenting condi-
tions. In mid-November 1988, Parker was out willow
ptarmigan hunting with his dog Balder, a Brittany span-
iel, in a narrow mountain valley. The sky was clear and
the temperature was -3°C; there was no wind and ap-
proximately 25 centimeters of new snow on the ground.
They were walking through the valley when Balder froze
and pointed, and two willow ptarmigans took flight. One
of them fell after the first shot, while the other flew ahead
into the valley. Parker suspected that the second shot had
also hit its mark, so they performed a thorough search
without any results. Parker continued hunting, and at
sunset both he and his dog were quite tired. Parker un-
loaded his gun, called in Balder, and began walking back
along a logging road running through the bottom of the
valley.
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After having walked for about a half hour, and just below the loca-
tion where they had earlier that day searched for the wounded ptarmi-
gan, Balder suddenly stopped, pointing his snout up the mountainside.
There was no wind whatsoever, but the dog had set with such convic-
tion that Parker reloaded his gun. He gave the order to advance, and
Balder began moving warily up the hill. After repeated orders to ad-
vance across some 30 meters without finding the bird, Parker started
losing faith in Balder’s indication. However, the dog remained certain,
so they continued climbing up the slope. After about 10 more meters,
Balder refused to continue and dropped his nose to the ground. The
light was poor, but Parker could just make out a slight hollow in the
surface of the snow directly in front of the dog. A snow roosting ptar-
migan, he thought, and lifting his shotgun, he stomped hard on the
ground to flush it out. But nothing happened, so he dug carefully into
the hollow with his right hand. To his astonishment, a dead and half-
frozen ptarmigan lay there, around 10 centimeters beneath the sur-
face. A small spot of blood on its chest indicated that this was the same
ptarmigan he had been searching for earlier that day. It had clearly
been hit by a single shot and had managed to fly away.

Balder had detected the scent of a dead bird from a distance of ap-
proximately 35 meters, a bird that had been buried beneath around
10 centimeters of snow for five to six hours. How could this happen?
When the sun is shining, the snow surface and surrounding vegetation
absorb the energy from the sun. The temperature of the snow surface
will then rise slightly, and the air stratum just above the ground will
also become warmer. The heated-up stratum of air will also have a
tendency to rise, because warm air is lighter than cold air. When the
sun goes down, the energy supply to the ground will stop. The ground
will nonetheless continue to radiate heat (due to long-wave radiation),
and both the snow surface and the stratum of air just above it will
cool down. If there is little wind and a sloping terrain, a thin, cooled
(and therefore heavy) stratum of air will flow slowly down the hill. It
was this thin air stratum that had transported the odorants from the
dead ptarmigan buried in the snow and that were detected by Balder’s
incredibly sensitive nose. The only one who was disappointed about
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this find must have been the red fox who had been cheated out of a
ptarmigan for its supper.!

Different Kinds of Hunting

For thousands of years, humans have enlisted the help of dogs when
hunting for food. The use of dogs in hunting is also believed to have
motivated their domestication (the taming and breeding of animals so
as to enable them to adapt to life with human beings) since this made
hunting more effective.? The hunters encountered different kinds of
prey.® There is a painting on the wall of a cave from approximately
10,000 BC in Cueva de la Vieje in Spain that allegedly depicts a dog
hunting deer.* In the Middle Ages, the use of the Irish wolfhound in
hunting wolves and Irish giant deer was well known, but this breed
is no longer used in Europe. In this form of hunting called coursing,
the dogs first locate their prey by sight, then chase it, capture it, and
kill it. In Kyrgyzstan, this dog breed is still used for wolf hunting.®
The saluki, the royal dog of Egypt, was used along with falcons for
gazelle hunting.¢ Red fox hunting with dogs (coursing) started in Great
Britain in the seventeenth century’ and is also practiced in Australia,
Canada, France, Ireland, Italy, Russia, and the United States. Hunters
follow the dogs on foot or on horseback. The sport is controversial,
especially in Great Britain, and was prohibited in both England and
Wales in 2004.8

A hunting dog can work in many different ways. The dog can track
or trail game with or without baying (trailing breeds or hunting dogs
on leashes), set and point toward game (setters and pointing dogs),
find and flush out game from above (flushing dogs) or below (burrow
hunting dogs) the ground, or find and retrieve shot game (retrievers).’
Many of us are familiar with the use of dogs in hunting for large-game
animals such as moose, roe deer, red deer, and reindeer.!©

Hunting with a dog is particularly advantageous when the prey
density islow." In 2013 research scientist Christopher Godwin at Trent
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University in Peterborough, Canada, and his colleagues found that
hunters who had one or more dogs with them increased their hunting
success for the white-tailed deer by 26 percent per hunting day. They
also shot more adult bucks and fawns compared to hunters who were
not accompanied by dogs. If there were also dogs in a nearby neigh-
borhood (less than two kilometers away), the hunt was not equally
successful.”2

Many people use dogs to hunt small game, such as grouse, hare,
rodents, and a variety of carnivores such as red fox and martens.?
The hare hunting dog sniffs its way to the nest-like depression in the
ground (form) that is the hare’s daytime lair, startles the hare out, and
then pursues it (beagling).!* It is probably less common knowledge that
we also use dogs on burrow hunts for rabbits, red foxes, badgers, rac-
coon dogs, and beavers.”

In Latvia, the West Siberian Laika is used to hunt beavers. Beavers
live in families normally made up of an adult couple and their young
from the two preceding years. They build lodges and dig out bank
burrows. Here they live a life relatively protected from predators.
The entrance to their home is usually underwater, made possible by
the dams they build, so it is difficult for predators to reach them.! In
Latvia, beaver hunting is done using lethal traps and with firearms.
But there is no doubt that the most effective form of beaver hunting
is with dogs. When three to four traps are used, the hunters will trap
approximately one beaver a day, and they will shoot one beaver about
every third day. When the hunters bring dogs along with them, the
take will be up to four or five animals a day; normally they will shoot
all the animals in a family group. The first thing the hunters do is to
tear down the dam (this is prohibited in many places without a permit
from the county wildlife authorities), so all the water runs out of the
beaver dam, exposing the underwater entrance to the beavers’ home.
The dogs are then sent in. Their keen sense of smell enables them to
determine quickly where the beavers are hiding in the lodge. The dog
chases the beavers out of their home to outside, where the hunters are
waiting with their rifles. The beaver has no chance of escaping alive.?”
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How Do Dogs Find Game?

In general, we can say that dogs hunt game in the same way that they
track and search for us. Dead skin cell flakes carrying skin odor, or
that have been altered by bacteria, are also constantly shed by birds
and mammals as they are being hunted.® The scent of game can also
stem from the breath, hair, feathers, genitals, rectum, glands, or body
fluids.”” Depending upon particle weight (molecule weight) and the
wind, odorants are usually deposited from a few meters to 20 meters
or more from the trail.?° Game will leave behind footprints, or the an-
imal’s body odor is left behind on vegetation or other surfaces around
the trail. A footprint also causes the release of fluids from plants, and
bacteria break down the dead plant cells above or in the ground.
Dogs often move in a zigzag pattern toward the source of an odor.
As the dog approaches the source, the odor becomes fresher and more
concentrated.?? The game is able to reduce their emission of some
odors, such as sex hormones, thereby making it more difficult for the
dogs to find them. They can inhibit the emission of other odorants but
not stop them completely. However, there are some odorants, such
as those produced by anaerobic bacteria, over which game have little
control.?® In the case of roe deer or fawns, metabolic odorants must
be emitted, but these animals do have the ability to inhibit this to a
minimum. There are many reports of dogs that have stood more or
less on top of roe deer and red deer fawns without noticing them. A
red deer can reduce its breathing and heartbeat by 50 percent when
frightened by a predator, while the brooding willow ptarmigan can
present the dog with even greater challenges, because they can reduce
their breathing and heart rate considerably, for up to 20 minutes.?*
In general, human beings detect odorants at one and a half to two
meters above the ground, since for most of us that is our nose level.
It is easiest for us to detect light odorants with a low molecule weight
(less than 300 daltons) and high volatility. The dog’s nose level is lower
than that of humans. Dogs find game by tracking with their nose close
to the ground, or they pick up on odorants in the air by lifting the nose
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(air scenting). Some employ a combination of these techniques. Dogs
are able to detect odorants with a much higher molecule weight and
lower volatility than humans, since their nose is closer to the ground.
This ability to also detect the heavier compounds is advantageous for
tracking game, because it is more likely that these odorants will be
found on a trail than the lighter, more volatile odorants.?> When dogs
do searches by air scenting, it is the lighter, more volatile compounds
they detect.

Different Factors That Will Influence a Hunt

Many factors influence the amount of odorants deposited on the
ground and in the surrounding environment, and thereby also the
dog’s hunting success. The dog’s olfactory range and ability to track a
specific kind of game will be influenced by the following:

« the species being hunted

« the age/size of the game

« how old the trail is

« the game’s speed of movement or if it is stationary

« if the game is stressed or injured

o if the game is sick

« the sex of the game

« the diet of the game

. vegetation type and the terrain in which the game is moving
« the ground surface?

How long a particular trail will last varies according to the species
leaving the trail. This is among other things due to the fact that dif-
ferent kinds of game move differently (birds fly from place to place,
while mammals walk or run), or they have different types of glands.?”
The odor from the interdigital glands in the roe deer’s hooves makes it
easier to follow its trail than, for example, the trail left by a hare.? The
glands are not always full grown before the animal has reached adult-
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hood, and adult animals often have a stronger odor than younger ani-
mals.? If the game is lying still, it emits much less odorants than when
it is in movement. If the game is in movement, the body temperature
increases and more odorants are produced. Deer fawns that are sick
and have diarrhea, a high body temperature, or are secreting mucus
or blood produce a stronger odor than healthy fawns.*® The sexes have
different odors, and males often have more and larger scent glands
than females; also the bodies of males are usually larger than the bod-
ies of females and therefore give off more odorants.” Small game can
also be difficult to track because a small body size implies less odor
emission.*? The odor emitted is also influenced by what the game has
eaten.®

The type of terrain in which game is moving about is decisive to the
success of the hunt. A newly plowed field is a difficult place to track
since odorants from the soil can cover up the scent of game. Asphalt,
sandy beaches, and gravel roads retain few odorants from game. A
slippery or hard surface contains fewer binding sites for odorants, so
these disappear more quickly. On stones and concrete, there is not
much bacteria growth. Warm sand will usually kill the bacteria on
skin cell flakes and they will dehydrate. Dry sand and gravel have little
or no bacteria activity and little or no vegetation. If a red fox should get
clay on its paws, the amount of odorants deposited on the trail will be
reduced because the paws will not come into contact with the ground.
Dogs can thereby lose the trail of a fox when it is moving across a re-
cently plowed field. More lush vegetation will contain more bacteria
and odorants. The vegetation provides shade and moisture and bacte-
rial activity is thereby increased. In order for the bacterial activity to
continue, there must be a little bit of moisture. A very warm and dry
atmosphere will dry out the bacteria’s nutrients (skin cell flakes and
plant cells). Early in the morning, dew forms on vegetation, which re-
hydrates the cells and replenishes the food source of the few remaining
bacteria. It is much easier for a dog to detect the scent of game that has
passed through bushes or tall grass than game that has walked across
a grazing area. Coniferous forests are difficult tracking grounds since
there is little underbrush. The pine needles on the ground also have
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an aromatic scent that can disguise the scent of game. Some plants
can also emit a scent so strong that in some cases it covers up the scent
of game. Hunters themselves can also increase the scent released by
the vegetation as they walk through the terrain. If two dogs are hunt-
ing together, they may start to compete, causing them to run past the
source of the odor.>*

Does It Help to Wear Scent-Proof Clothing
While Hunting?

Scent-proof clothing is designed to prevent game from detecting our
odor, but does it actually work as the manufacturers claim? In 2002
wildlife management specialist John A. Shivik at the National Wild-
life Research Center in Fort Collins, Colorado, investigated whether
his seven dogs could find people wearing scent-proof clothing. In the
course of 42 trials, only 1 out of 21 people wearing scent-proof cloth-
ing was not found, while all 21 people wearing ordinary clothing were
found. The time the dogs spent on finding these people was very simi-
lar for both groups (an average of 3.4 and 2.7 minutes, respectively).”

The Impact of Weather Conditions on Hunting

Game can use the weather conditions to make it more difficult for a
dog to follow their trail.*® The success of the hunt is affected by the
wind, the temperature and the time of day (sunlight), and whether
there is humidity and rain or turbulence and snow. In general, high
temperatures cause more evaporation and bacteria activity and thus
more odors. But temperatures that are too high will kill bacteria and
stop the production of odors.>” As air becomes warmer, it also becomes
lighter and the odorants can thereby ascend instead of dispersing at
the dog’s nose level.

On land, odor generally behaves in the same way as smoke. Over
time, it spreads in a conical shape from the source. The wind direction
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determines the primary direction of the cone’s axis, but whether the
cone axis remains close to the ground or rises is determined by the
temperature distribution from the ground and up into the atmosphere.
If it is warmest along the ground, the cone’s axis will rise and the odor
will move upward. On the other hand, if it is coldest along the ground,
the odor will stay at the lowest level. How quickly the odor spreads
out and away from the cone axis (“is thinned out”) depends on the
wind speed and turbulence (eddying), which in turn depends upon the
temperature, wind speed, and the unevenness of the terrain. A lot of
wind means a rapid thinning out of the odorants. On the other hand,
if the wind conditions are calm, local temperature variations will play
an important part in the dispersal of odorants. Under such conditions
the variations in the temperature will also contribute to creating local
winds, which follow the terrain and can be used by hunters.

The Spreading of Odor Due to Wind

Everyone who hunts with a dog knows that the wind is critical for a
successful hunt. Hunters know that the wind must be blowing toward
them and away from the game if they are going to come within shoot-
ing range. The dog then has an easier time detecting the scent of the
game, since the odorants are blown toward it, while the game is unable
to smell the hunter and the dog. The body’s airstream can carry some
odorants against the wind, but the odorants do not move far when
there is a headwind and will not reach the game if it is a few meters
away. Under favorable wind conditions, the dog can detect a deer sev-
eral hundred meters away.”® If the wind speed is low (and therefore
with little turbulence), the odorants will not spread as far from the
trail (or cone axis). Bird dogs have difficulties finding birds when the
wind speed is more than 10 km/hour (2.8 m/second). The ideal wind
speed is between 3 km/hour (0.8 m/second) (light air) and 10 km/hour
(gentle breeze).* Many hunters will wet one finger and hold it up in
the air in front of their face to determine the wind direction. How-
ever, it is important to remember that the conditions farther down at
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ground level can be completely different. A better method is to observe
the campfire smoke against the terrain* or to use a lightweight scarf/
ribbon.*!

The wind at the top of a cliff can create “dead zones.” Game will
seek out such dead zones for protection.*? It is easiest to see how the
wind moves around cliffs and summits in the wintertime, when light
snow will be blown around and deposited on the terrain, such asin the
formation of snowdrifts.**

The atmosphere’s stability depends on temperature variations at dif-
ferent altitudes and therefore usually changes in the course of the day.
The atmosphere is more stable and the wind calmer at night than in the
daytime. In terms of odors, it would be better for a dog to hunt at night
because the concentration of odors close to the ground is higher then.*

The Temperature and the Time of Day

In general, we can say that the best time to hunt is at sunrise, at night,
or at sunset when the air is calm and the ground is damp (from dew or
light rain). The worst time for a dog to track game is in the middle of a
sunny day or when it is raining heavily.# If there is a lot of sunshine
with high temperatures, odorants are broken down more quickly or
they evaporate rapidly so the trail does not last. Such conditions will
also kill the bacteria on the game’s skin cell flakes or feathers.*® Cold
airisheavier than warm air, and the air temperature changes far more
quickly and more dramatically than the ground temperature. When
the sun goes down in the evening, the rays from the sun stop shining
on the ground and warmth emanates out of the ground. This causes
the ground surface and air stratum just above the ground to cool down
quickly. The cold air, containing odorants from the game or its trail,
seeps downward where the ground slopes to lower-lying areas (like
water). It is therefore best for the dog to approach from below on the
terrain in the evening and until sunrise.*” When the ground is heated
up by the sun in the morning, the air stratum above the ground be-
comes warmer and the air will flow upward to higher-lying areas.*®



90 CHAPTER SIX

Then it is best for the dog to approach from above on the terrain, as
this makes it easier for the dog to detect the air containing odorants
from the game or its trail.** When, for example, a bird’s odor cone is
located above a low-lying cold air mass, the odor will not descend to
the ground. A bird sitting in a tree or on a mountaintop will therefore
not be detected by a dog.*®

Local variations in the landscape often create differences in tem-
perature, which in turn create local winds such as “mountain breezes
and valley breezes” or “sea and land breezes.”! If the contact of sun-
light with the ground in a given area is irregular, the surface receiving
the most sunlight, such as on southern slopes, will become warmer in
the course of the day than other surfaces. The air above these surfaces
will be warmer than the air above colder surfaces, such as northern
slopes. The air above southern slopes will therefore rise and be re-
placed by air from northern slopes, which is colder. Birds found on
southern slopes are thus more difficult to detect than those found on
northern slopes. It is warmer on southern slopes, so there is a lot of
upslope flow.”? On sunny days the temperature in the woods is lower
than outside, and one of the reasons for this is because the treetops
prevent the sunlight from reaching the ground and warming it up.
The temperature variations can produce local winds that move along
the ground in the forest and to adjacent areas and clearings. At night
the opposite is the case, with the ground in the forest warmer than
in the adjacent clearings. In the course of the day and early in the
evening, it is therefore advantageous for the game being hunted to be
on a southern slope or on a dry surface so its odor is transported up
into the atmosphere and thereby above the dog’s sniffing zone. In the
evening, the game will usually move to places with nocturnal upslope
flows, such as wet or densely overgrown areas. These areas will re-
main warm longer than other areas and produce nocturnal upslope
flows.” Local winds not only arise where the ground slopes, but also
rise between land and water surfaces with different characteristics.
Water is warmer than land at night, so airstreams arise on land and
move out across the water surface during the night, when the stronger
winds have calmed. Game will therefore often be found hiding close
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to and above shorelines. Their odor will then be drawn out across the
water and subsequently dissolve into the atmosphere.>*

Humidity and Rain

It is very difficult for a dog to find game when it is raining hard.”
Whether the ground surface and vegetation are wet or dry will also
influence the dog’s tracking success. If the ground surface is damp, the
dog’s job will be easier.*® Light rain makes it easier for the dog to fol-
low the trail. Hunting dogs also have much better working conditions
when it is foggy or there is water vapor in the air. The air humidity is
essential for the maintenance of bacterial activity, while a powerful
and long-lasting rainstorm can wash away odors close to the ground.*
The higher the humidity, the more odorants there are evaporating
from the surface and being released up into the air, because they are
competing with water molecules for binding sites. That is why forests
and marshes have such a strong odor following a rainstorm. Game can
control the release of odorants from the glands in their body up to a
certain level, but when the air is humid, the volatile compounds from
secretions and fur will spread more easily. Just think of how strong
the smell of a wet dog is compared to a dry dog. The water molecules
occupy the binding sites for the odorants, which makes the smell of the
dog stronger because the odorants are in the air.”

Turbulence

Turbulence—or eddying—is formed in two ways. Mechanical turbu-
lence is created by the wind and caused by irregularities in the terrain,
such as a forest or large stone, while thermal turbulence (convection)
is created by rising warm air.*® It is more difficult for a dog to track
game in an area with high turbulence because the width of the scent
cone expands rapidly and the concentration of odorants is diffused.
In a forest, the trees produce mechanical turbulence. Turbulence will
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therefore increase when one reaches the edge of a forest. Dogs will con-
sequently have greater difficulties tracking along the edge of a forest
than when they are tracking within the forest itself. It is not a coinci-
dence that deer fawns often hide along the edges of forests. Upslope flow
is produced in areas that heat up more quickly than their surroundings.
On sunny days, logging areas are warmer than the adjacent forest be-
cause the rays of the sun heat up the ground, which makes it difficult
for dogs to hunt. Logging areas are thus good places for game to hide on
sunny days.®! Upslope flow, such as in the transition from low-lying to
high-lying vegetation, will cause the game’s scent cone to rise above the
dog’s sniffing zone, so the dog will not be able to detect the game.®? The
area around large stony surfaces is also very difficult for dogs because
these can produce both mechanical turbulence and convection. Stones
will also often become warmer than the surroundings when the sun
shines because almost all the energy stones receive is converted into
heat, while the surrounding surfaces usually contain some moisture,
so that some of the energy is consumed by evaporation.®®

Scent cones can have the same volume, but if there is high turbulence
on the sides, the scent cones expand quickly and the odorant concen-
trations are dispersed across a small area around a bird or other prey.
The dog must therefore be quite close to discover the prey. If there is
not as much turbulence on the sides, the scent cones will be longer and
straighter. If there is more turbulence on the sides, a dog approaching
the bird from upwind will detect the bird more easily when the scent
cone is longer. The more wind, the narrower the scent cones.®*

Snow

If there is snowfall before the ground has frozen, the snow will con-
tribute to insulating the ground and keep it warm so dogs can more
easily follow a scent trail. If snow falls on frozen ground, few odorants
will escape the snow cover, because the ground temperature remains
low and dogs will have a harder time following the trail.® Cold snow
also reduces the bacterial activity.®® Snow cover disguises the scent
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of other odorants from life-forms beneath the snow, such as small ro-
dents, making it easier for the dog to follow the odorants of the par-
ticular animal it is tracking.®’ Loose and dry snow is very porous, so
odorants slip through more easily. In general, snow cover will result
in less warmth from the sun being absorbed by the ground, because
most of the radiation from the sun is reflected. Both the ground and
the air stratum closest to the ground will remain quite cool, and the
odorants can be “captured” in this layer of air.®

Tracking Down Wounded Game

There is a type of sniffer dog specially trained to track game that has
been run over or shot but not killed, leading the hunter to the wounded
animal so it can be put down in a humane manner.”

If you injure game by hitting them with your car, by law in many
places you are required to report this to the local wildlife council. They
will provide a sniffer dog, which will follow the trail to determine
whether the animal has died or is seriously injured. Deer are unfortu-
nately also wounded every year during hunting season. In the event
of wounded game, all hunting is suspended until the animal is found,
or until the equipage concludes the search. All members of the hunting
team are required to be available during a search. The dog handler
is at all times the leading authority during the search and makes the
decisions that need to be made.

Tracking Deer Species

In 2011 research scientist Sighjern Stokke from the Norwegian Institute
for Nature Research led a project that investigated whether specially
trained sniffer dogs were able to follow a specific individual animal.
Eighteen individual moose and red deer were tagged with GPS trans-
mitters.” Prior to the tests, a person frightened a moose or red deer.
The animals’ last position and the direction of their escape route were
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recorded. The search equipages tracked the animals two to twenty-two
hours later, and they continued for one hour before ending the search.
The tracking route of the search equipages was also recorded using GPS
transmitters. The research scientists evaluated the equipages’ tracking
ability by comparing their tracking routes with the trails of the moose
and red deer. It turned out that the search equipages were able to follow
the trail of the animal they were tracking only to a limited extent, and
only one of the thirty-eight equipages was assessed as having carried
out an acceptable search. The sniffer dogs often followed the trails of
deer species but possibly chose the freshest trail rather than the “cold”
trail. The research scientists concluded that this was probably not due
to an insufficient tracking ability in the dogs, but rather the dogs’ lack of
motivation for following “cold” trails. The study was set up in such a way
that there was unfortunately no possibility to clarify whether or not the
search dogs tracked wounded animals better than healthy animals. It is
possible that a wounded animal will increase a dog’s willingness to track,
so the dog overlooks other trails and follows the injured animal instead.
Most people associate such searches with gunshot wounds, and for that
reason all specially trained sniffer dogs are trained to follow blood trails.

Normally speaking, a dog will follow an injured and sick animal
rather than a healthy one. There are, however, a number of situations
where it is preferable to track an animal that is not bleeding. Deer that
are shot and hit in a hunting context will usually discharge body fluids,
such as blood or abdominal and intestinal juices, but not always. It is
neither always the case that an animal that has been hit by a car will
have open wounds even if it has been seriously injured. In both cases,
it is necessary to have dogs on hand that are able to follow the animal
without the need for a blood trail.”> The specially trained sniffer dogs
should receive more training in scent discrimination canine trailing.

Tracking the Brown Bear

The population of brown bears is growing, which will feasibly lead to
more cases of wounded animals. The Scandinavian brown bear is not
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particularly dangerous and as a rule will run away if it is disturbed. In
an experiment carried out on GPS-tagged bears in Sweden, master’s
degree student Gro Kvelprud Moen and colleagues from the Scandi-
navian Brown Bear Project managed to approach the bears 169 times,
and they never experienced any aggressive reaction.”” However, if a
bear is shot and wounded, it can be dangerous.™ A wounded bear can
move at speeds up to 40-60 km/hour (10-15 m/second). It is estimated
that almost one-third of all bears that are shot at during the Swedish
bear hunting season may be wounded.”

Master’s degree student Silje Vang and her colleagues from the
Scandinavian Brown Bear Project analyzed the tracks of bears tagged
with GPS transmitters in 2007 and 2008 in Dalarna and Gévleborg
Counties in Sweden. They studied twenty-nine handlers and forty-
three dogs and carried out 131 tracking sessions. In 2007 Norwegian
and Swedish search equipages tracked bears on average for 214 meters
before losing the trail; the successful tracking rate was 49 percent. The
training was intensified in 2008 due to the poor results of the pre-
ceding year. This produced better results: the Norwegian equipages
increased the tracking distance by 34 percent and the Swedish by 29
percent. The equipages with specially trained sniffer dogs and expe-
rience with scent discrimination trailing of humans had the best out-
comes. This can be an indication that training is necessary to track a
specific individual bear. Bear hunting as a training method produced
no improvement in tracking outcomes and, in fact, results were to the
contrary, with less improvement.”

The dogs were able to follow the same individual bear over a period
of time only to a small extent. The dogs lost the trail of the bear and
switched to other game species in 82 percent of the tracking sessions.
There was also a difference between dog breeds. Labradors and Rus-
sian hounds were the most accurate when tracking; young dogs per-
formed better than older dogs.” A training program has been devel-
oped in Sweden with a four-level certification scheme, and Norwegian
equipages have used the Swedish method since 2011.7

Professor Bjgrn Forkman at the University of Copenhagen and his
colleagues in Norway and Sweden also did a bear tracking study in
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2012 in which twenty-two experienced hunting dogs took part. They
found that seven of the equipages did not even start tracking the bear
or showed little interest in the trail. Only two of the dogs were able to
find the bear.” As of 2012, search equipages in Norway and Sweden
were not able to track bears in a satisfactory manner.®°



Police Work

The bloodhound Nick Carter, born in 1899, was consid-
ered by many people to be the most capable bloodhound
in the world. Working with his owner Vonley Mullikin
from Kentucky, he sniffed out more than 2,500 finds and
suspects, and helped solve 600 cases. On one of the as-
signments in 1909, Mullikin and Nick Carter followed a
trail left by an arsonist that was 105 hours old. The trail
started in a field where there was a burned-down hen-
house. They followed the trail for 10 kilometers and it led
them to a house. A man opened the door and Mullikin said:
“Didn’t you take sniffer dogs into account when you set
fire to the henhouse?” The man replied, “No,” and thereby
confessed. By asking such a simple question, at a moment
when the opposite party was caught off guard and con-
fused, Mullikin was able to make many criminals confess
immediately.!

In 1888 a series of murders were committed in Lon-
don by a suspect who was called Jack the Ripper. Police
wanted to use two bloodhounds to hunt him down. The
bloodhounds Barnaby and Burgho had been trained by

97
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Edwin Brough to track down people. But the dogs were never used
in the Jack the Ripper case because the leading dog trainers and vet-
erinarians believed that the dogs would not be able to follow the trail
in the slums where the murders had been committed due to the pres-
ence of so many other confusing scents. It is reasonable to ask whether
bloodhounds trained using the knowledge we now have would have
succeeded in sniffing out Jack the Ripper today.

The Main Types of Police Dogs

Dogs have been used to help fight crime as far back in time as ancient
Greece.? In 1899 police dogs were used for the first time in Europe by
the Belgian police force, but it was not until the 1950s that dogs were
routinely employed for police work. At this time, German shepherds
were usually used.*

As of 2014, there are six main types of police dogs used for different
work tasks (the categories vary from country to country):®

o Sentry dogs search for human beings and objects. This can involve miss-
ing persons or criminal offenders wanted by the police, such as bur-
glars, car thieves, rapists, and murderers. Sentry dogs are also used
in searches for a range of objects such as firearms, ammunition and
cartridge shells, or biological evidence such as body tissue, hair, teeth,
semen, blood, and dried blood splatter.

 Cadaver dogs search for murder and accident victims on land and in
water.

« Narcotics detection dogs search for narcotics such as cocaine, heroin,
amphetamines, and marijuana (see also chapter 8, “Customs and Bor-
der Patrol”). The narcotics might be hidden in luggage or vehicles, in
the woods or in urban areas (depots), or on a human being. The police
also use narcotics detection dogs to search prison cells and in visiting
rooms in prisons and schools, at festivals, concerts, and raves, on public

transport, and in shopping centers, warehouses, and private homes. In
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the United States, the police have recently proposed the use of sniffer
dogs to find narcotics plantations/gardens.

« Explosive and bomb detection dogs search for different types of explo-
sives and bombs in buildings, sports arenas, schools, luggage, vehicles,
ships, and airplanes. These dogs also patrol shopping centers, bus sta-
tions, railway stations, and airports (see also chapter 9, “Military”).
During the Olympic Games in Vancouver in 2010, dogs were used to
search for explosives.® Bomb detection dogs are also contracted by pri-
vate stakeholders in trade and industry to protect office buildings and
employees. A bomb detection dog can sniff its way to the person who
has planted a bomb, even after the bomb has exploded.” These dogs are
also used in chemical weapon searches.®

o Search and rescue and rubble search dogs search for live or dead human
beings (see also chapter 5, “Search and Rescue”).

+ Arson dogs are used in cases where there is suspicion of arson. The
dogs search for small traces of flammable fluids that are used as ac-

celerants.

In some countries, the police also have dogs trained to search for al-
cohol, tobacco and cigarettes, foreign currency/banknotes, passports,
mobile phones, SIM cards, and agricultural and animal products. Since
the turn of the century, customs authorities have used thousands of
dogs to sniff out the printer’s ink used on banknotes,® and they also
recognize cotton fibers or banknote paper. Dogs sniff out banknotes
of all values and different types of currency. It makes no difference
whether it is English pounds, US dollars, or Euros, or whether it is
ten- or hundred-dollar bills. Dogs check people who are on their way
out of the country by sniffing the person and their luggage. These dogs
are trained to react to cotton fibers, printer’s ink, and banknote paper.
The US dollar is probably the easiest to detect because a more volatile
printer’s ink is used on this currency that emits a stronger odor. If
people have a few banknotes in their pockets, the dogs will not react.
However, if they are carrying large amounts of cash on their person or
in their luggage (the limit is US$10,000), they will give an indication.
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Selection of Police Dogs

Not all dogs have the qualities required to become a police dog and are
put through a rigorous selection process carried out by experienced
dog trainers/test leaders. In the South African breeding center for
police dogs, 70 percent were classified as unfit in 1999.1° Training a
police dog is expensive, and the police naturally do not want to spend
alot of time and resources on dogs ill-suited for such work. It is there-
fore important to be able to predict at the earliest possible stage how
a puppy will turn out as an adult dog. A number of different puppy
tests have been developed, in addition to behavioral tests.! The best
predictors for a potential police dog are its skill in playing fetch when
the puppy is eight weeks old and how aggressive the dog is at six to
nine months.* Potential police dogs can also be given Volhard’s puppy
aptitude/talent test to determine whether the puppy will become a
good working dog.?

Scent Lineups to Apprehend Criminal Suspects

Police dogs are trained to recognize people by comparing the scent at
a crime scene with the scent of the suspect in a scent lineup.!* The first
person to demonstrate this in connection with police work was Assis-
tant Police Commissioner Bussenius from Braunschweig, Germany, in
1903." The scent lineup works the same way as when a fingerprint in
the police database corresponds with one found on an object from a
crime scene.

The suspect is asked to hold a stainless steel pipe in his or her hand
so their scent is transferred. The dog does not identify the perpetra-
tor but compares the scent on an object found at the crime scene with
the scent the suspect leaves on the steel pipe. Such an object can have
been stored for up to three years and could be a pistol or a knife or
something else that has been used at the scene.! Cars, packages, lug-
gage, or envelopes containing money are also common crime scene
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objects.”” In Russia and Poland, blood can be used in scent lineups.’® In
a scent lineup using a steel pipe, the pipe is placed at random among
other steel pipes bearing the scent of other people who are not suspects
in the case, and the dog’s task is to recognize the scent of the suspect
and bring the steel pipe back to the dog handler.?” The international
standard entails the use of six such steel pipes, of which only one has
the right scent, or in control trials where none of them have the right
scent. Normally, the test is repeated four times and the steel pipes re-
arranged at random each time.

Scent identification is done by dogs in a number of countries, in-
cluding the Czech Republic, Poland, Russia, Hungary, Denmark, and
the Netherlands.?° The results of a range of studies indicate that
the dogs’ indications are not 100 percent accurate, with the suc-
cess rate varying from 25 to 93 percent. Sometimes the amount of
time that has elapsed since the object was found will influence the
dog’s outcome.? Research scientist Adee Schoon at the University
of Leiden in the Netherlands discovered in 2005 that the dogs did
everything right when the material was fresh, and the success rate
subsequently decreased gradually from week two to six monthslater
(outcomes varied between 25 and 61 percent).?? Dogs find it easier to
identify persons they already know. In spite of significant individ-
ual differences, it has been proven that it is relatively easy for dogs
to learn how to work on scent lineups. Although the reliability of
this identification method is debatable,?* it is accepted as evidence in
courtrooms in Belgium, Poland, Germany, Hungary, and the Neth-
erlands.?*

The Competition Dog

There are many different kinds of competitions requiring dogs to use
their noses. At the Schutzhund World Championship, one of the com-
petitions entails sniffing personal items such as wallets, gloves, pens,
scarves, or handkerchiefs and then following the trail of the person
who owns the item.
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Cadaver Searches on Land

Cadaver dogs were used for the first time by the police in 1974 in New
York.? The first cadaver dogs in Europe were trained in Austria in
1975 and in Germany in 1978-79. It was not until 1993 that they were
introduced in Finland and in 1994 in Sweden. Finding a cadaver can be
a huge challenge. Death can be the result of an accident, a suicide, or
amurder, and the cadaver might be buried or hidden aboveground. If
the cadaver has not been buried, the decomposition of the body takes
place much more quickly than when underground.?® Cadavers can
be found in all terrains and environments; cadaver dogs are used to
search through buildings, at the scene of accidents (such dogs were
used following the Space Shuttle Columbia disaster in the southern
United States in 2003), and at archaeological excavation sites.?” In 2011
dogs were used to search for cadavers on large land areas following a
conflagration in Texas that burned 1,600 homes to the ground.?® The
cadaver dogs’ perhaps most important task is to ensure that next of kin
receive information about what has happened to relatives and friends.

Cadaver dogs are trained to detect the scent of human beings who
have recently died, human bodies in a putrefactive state, or skeletons,
teeth, and blood (more about teeth and blood below).?® Following
death, a number of decomposition processes promptly begin taking
place in the body that cause the emission of volatile compounds from
the cadaver. The decomposition of a cadaver can be divided into five
main stages:

o fresh

« Dbloat

. active decay

« advanced decay

« dry/remains®

Cadaver dogs will also react if the corpse or its fluids have been in
contact with the soil or other ground surface and if the cadaver has
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been in contact with any objects. The amount of time a scent will re-
main on a given material depends on a range of factors, but we know
that the scent in one case lasted for at least one year in a building.*
The higher the material density, the better the preservation of scent
from the cadaver will be, if the period of contact was extensive. For
objects with lower material density, such as a mattress, the expe-
rience of the police has been that it can be more difficult to achieve
an indication, even if the person in question was in physical contact
with a mattress for a long time, than for objects with higher material
density, such as metal objects.>? If there has been only brief contact
between a human hand and an object, a soft material will quickly
pick up more compounds than harder materials. A cotton ball con-
taining a lot of fibers will retain odorants better than polyester. The
amount of time a scent remains on an object depends upon the type of
fiber and the airstream.® If plastic is in contact with an odor source
for a long time (weeks or months), it will absorb the scent and retain
it for a long time.** However, it is not clear exactly what scents dogs
detect from a cadaver.*> Cadaver dogs do not always react to a single
odorant, but rather to a number of different compounds produced
during the five different stages of decomposition. The dogs should
therefore be trained to recognize and react to this entire spectrum
of scents.

Often months or even years can pass before dogs are involved in a
search: they can find human remains that have been buried for 170
years.* Odorants (the volatile compounds) from a cadaver are differ-
ent from those emitted by living human beings.>” Four minutes after
the heart has stopped beating, the process of decomposition begins
and the odor of the cadaver will be produced a mere twenty minutes
after the time of death. Milt Statheropoulos, a professor of analytical
chemistry at the University National Technical in Athens, Greece, led a
study in 2005 that identified more than eighty volatile compounds from
two cadavers. The most common compounds were dimethyl disulfide,
toluene, hexane, 1,2,3-trimethylbenzene, acetone, and 3-pentanone.*
Five years later, research scientist Arpad A. Vass at the University of
Tennessee found as many as 478 compounds from a cadaver.*
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It is important that the dog’s training can be documented and that
several dogs are used (at least three, to compensate for the possibil-
ity of errors),* because it is then possible to establish with greater
certainty that the dogs are giving indications on cadaver scents and
not on scents from other things such as blood, rotten meat, or animal
cadavers. It is imperative that they be trained using authentic mate-
rials, in other words, clothing or scents collected from a dead person.
It has been demonstrated that dogs can distinguish between a human
corpse and pig cadavers, and that there are large differences in the
odorants that are secreted.* Dogs can also distinguish between bone
fragments from humans and animals.*? In one study done in 2012,
Mary E. Cablk from the Desert Research Institute in Reno, Nevada,
and her colleagues compared the volatile compounds from tissue sam-
ples (bone, muscle, fat, and skin) from cattle, pigs, and chickens with
samples from humans. Although there were common odorants, the
animal samples were different from the human samples. If the chem-
ical compounds that were identified are the same as those detected by
dogs, the human and chicken samples will probably have a similar
scent. The samples from pigs and cows, on the other hand, will most
likely not have the same scent as the samples from human beings. The
pig samples had just seven of the thirty identified compounds in com-
mon with the human samples, and nine of the compounds were only
found in the pigs. However, no scientific studies have been carried
out confirming that dogs can distinguish between scents from human
cadavers and animal cadavers other than pigs.* There have been re-
ports of dogs trained solely on the scents of human cadavers that have
also given indications for cow cadavers.** Dogs trained on pig odors
can find human cadavers, and dogs trained on human cadavers can
be trained not to react to pigs or other animals.* Other dogs will react
to the scent of pigs even if they have been trained for human scents.*
The training is thus of critical importance.

The dogs react to compounds produced by a cadaver such as cadav-
erine and putrescine, both of which smell like rotten meat.*” These
compounds are often used in imitation cadaver scent products that
can be purchased and are claimed to mimic the odor of a corpse. The
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problem is that these two compounds are found in all biodegradable
matter, including human saliva.*® The chemical composition of two
such products was studied in 2012, and it turned out that seven of the
compounds had not been previously reported as a product of decom-
position. This indicates that these products should not be used in the
training of cadaver dogs.** A new collection method using a vacuum
pump—Scent Transfer Unit (STU-100) —appears to be a better alter-
native. With the help of this device, the cadaver scent can be collected
directly from a corpse and transferred onto cotton balls, which can
then be used in the training of dogs.*° Cotton blends containing poly-
ester and rayon emit more polar compounds than pure cotton. The
chemical composition of the material used to collect compounds will
determine how many odorants are collected and emitted. The type of
material can therefore influence the dog’s response and the likelihood
of the dog successfully identifying a suspect.”

In 2008 some research scientists created a more or less realistic re-
construction of a crime scene.’> Within three hours after the time of
death, they transferred the scents of two dead men, ages sixty and
sixty-three, who had been wrapped up in a cotton blanket, to 20 x 20
centimeter swatches of blanket. They did the same thing with scents
from people who were still alive. On one of the samples, they spent two
minutes transferring the scent, on another, ten minutes. No scent was
transferred on some of the fabric swatches. They placed six swatches
in glass jars that three dogs were allowed to sniff. In the course of 354
attempts, the dogs did not react to any of the swatches from the indi-
viduals who were alive. They reacted correctly to the swatches con-
taining the scents of the dead men in 98 percent of the cases where ten
minutes had been spent transferring the scent and in 86 percent of the
cases where the scent had been transferred within two minutes.

Underwater Searches for Human Beings

On a cold day in January 1990 in Dyers Quarry, French Creek State
Park in Pennsylvania, dog trainer and animal behaviorist consultant
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Susan Bulanda and her husband, Larry, were called in to search for two
diving instructors who had been reported missing while diving under
the ice. The hole in the ice through which the divers had descended
was clearly visible. The ice was thick enough to enable them to walk
almost everywhere, but in one spot where a waterfall broke the water
surface, it was not completely frozen over. As a safety precaution, the
Bulandas went out on the ice one at a time. They also worked with a
long rope securely tied to a diver. The handlers both had their respec-
tive dogs on leads. Scout, a Beauceron, and Ness, a border collie, were
the first of their breeds to carry out rescue work in the United States.
Because of the temperature, a light fog formed above the water, which
caused deer and other wild animals to fall into the water from the steep
surrounding mountainsides. Due to the decomposition of the animal
cadavers and the vegetation, the temperature was warmest at the
bottom of the lake, which can prevent the scent from rising up to the
surface. Normally the scent will rise up and pass through porous ice.
After Susan and Larry Bulanda made different-sized holes in the ice to
enable the scent to rise more easily, it did not take long before the dogs
located the area where the two divers had perished. The corpses were
found at a depth of approximately 12 meters. The dogs were unable to
find the exact location but gave indications close to the site where the
cadavers were found. The divers had tied themselves to a rope, but
this must have come loose in that it was found around the shoulders of
one of the divers. The diver had probably pulled the rope toward him,
in the belief that it was securely fastened and then was unable to find
his way back to the hole in the ice. Eventually they ran out of oxygen
and drowned.”

Dogs can also detect the scent of swimmers on the surface or under-
water.>* In 1968 the US Navy started up a water dog defense program
for protection from attacks by divers and swimmers on assets such as
boats, bridges, and docks. Later the Navy’s methods were developed
to train search dogs for drowning victims.” A problem with drowning
cases is that visibility is in many cases extremely poor, making it very
difficult for divers to find victims. Dogs can be used to swim out in the
water to search and thereby indicate where the victim is located. The
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dogs swim around in a circle and bark when they find the victim. In
conjunction with searches for drowning victims, the police must often
search through large areas, and the dog is then usually seated at the
stern of the boat. When the drowning victim is discovered, the dog
will start to bark.>

Dogs can’t detect scents underwater the way the American water
shrew can.”” Gas bubbles will rise up to the surface from a cadaver lo-
cated underwater. The bubbles can come from different fluids or from
solid matter such as leather, tissue, bone, feces, or vomit. When the
odorants are released into the atmosphere, the dogs detect the scent of
the cadavers.’® Odorants spread four times more slowly in water than
in the air. Lipids—fatty substances and wax (ester) and steroids—
from the skin glands are not very soluble in water and will produce
small odorant bubbles on the water surface.”

Water temperature can vary at different depths, which means that
the odorants will not rise directly to the surface. They can be trans-
ported and come to the surface far away from the source of the odor.
The location of the scent will therefore not always correspond with
the location of the human body. Also the water current and wind on
the surface will have an impact. Dogs can also detect people’s scent
through ice if it is porous. However, sometimes holes must be drilled
in the ice to allow the odorants slip through.®®

Many people drown annually. When a person has swallowed large
quantities of water (wet drowning), the body will sink where the
drowning took place and the victim in this case is often found on the
bottom. Somebody who jumps off a bridge will usually be found near
the place where they hit the water, aslong as the search is done within
a few hours. This will occur even if the person struggles and the cur-
rent is strong. If it is a dry drowning, the epiglottis will automatically
close to prevent water from pouring down into the lungs. We will usu-
ally find people who have died in this way floating on the water sur-
face because the air remaining in the lungs produces buoyancy. After
a while the epiglottis will open and the person will then sink.¢! People
who have died from dry drowning can be carried far away from the
drowning site before the body is found.
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The cadaver will remain on the bottom until enough gas has formed
in the body cavity to cause it to rise to the surface.® If the body floats
up, it will normally do so within two to three days in the summertime,
while during the winter it can take weeks or months.®* In other words,
it depends on the water temperature. Dogs have found drowning vic-
tims months, even years, after they have drowned® and have located
drowning victims at depths of more than 30 meters.® Using dogs en-
ables us to locate drowning victims at a much earlier point in time than
would otherwise be possible and perhaps even save lives if we arrive
quickly enough at the scene where a person was reported missing.

Searches for Blood, Semen, and Teeth

There are several types of body fluids that can be found at a crime
scene or on a victim: vomit, bile, skin oils, blood, semen, saliva, vag-
inal secretions, and/or urine. It is particularly saliva, blood, semen,
hair, teeth, skin abrasions, and nails that are used to identify perpe-
trators through DNA analysis.® In addition to volatile odorants from
the hands and saliva, odorants from hair and fingernails can be used
to establish people’s identities.®” Body fluids found at a crime scene
can also tell us something about what happened: semen suggests that
somebody has been raped, and blood that there has been a fight or a
murder has been committed. Saliva can be found on a victim, on cig-
arettes, or on glasses or bottles. Body fluids such as blood, urine, and
saliva can also tell us something about whether or not the perpetrator
was under the influence of alcohol or narcotics.

Blood and semen in a dried or fresh state constitute important phys-
ical evidence often found on or nearby a crime scene. Nonetheless,
searching for blood and semen deposits in an area or on an object is
relatively new. It is important to find any blood from the victim and
blood or semen from the suspect in order to be able to carry out DNA
analyses, and thereby provide the police with important evidence
in criminal cases. In 2008 the veterinarian Simon G. Newbery from
Staffordshire, England, performed an experiment in which a springer
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spaniel and a border collie were used to search for blood traces on var-
ious objects or on the ground. The results showed that an experienced
dog was able to detect blood that was from a day to a month old. The
dogs detected and brought to the handlers’ attention extremely small
quantities of blood (0.01 ml) in the grass and on a car seat, and this
occurred under different weather conditions. The study showed that
dogs can be used to find important biological evidence. In Norway sim-
ilar experiments have been done with semen and blood.*

Teeth are also important evidence in criminal cases, in that they can
be used to identify victims. In 2008 research scientist Mary E. Cablk
at the Desert Research Institute in Reno, Nevada, carried out a field
experiment where dogs searched for teeth with which they had had
no previous contact.” However, the equipages showed considerable
variations—from 20 to 79 percent accuracy, and this was very likely
related to the type and amount of training the dogs had received.

Training Norwegian Police Dogs to Find Blood
and Semen

From the end of February to the beginning of March 2012, Senior Police
Captain Jon Einar Karlsen held a specialized training course at the Po-
lice Academy in Kongsvinger, Norway. Equipages from Norway, Swe-
den, and Denmark would be learning how to search for blood and se-
men. This was a skill they needed to master to become certified crime
scene sniffer dogs. Karlsen put out six cans on a scent detection board.:
five were without scent and one had the scent of blood or semen. The
Norwegian dogs, handled by Kai Iversen (Trixxi) and Harald Grgndahl
(Brandfjellet’s Kaos Von Kripo, called Kaos), quickly learned how to
find the right can. After completing the indoor training, the training
was moved outside. A drop of blood waslaid out, and Trixxi was given
the task of finding this material. It did not take long before the dog gave
anindication. Trixxilay down beside the tree where the drop of blood
had been deposited and indicated the find by placing her snout right
in front of the drop of blood and one paw on either side of the material
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so it was not destroyed. Senior Police Captain Per Angel and Sveinung
Bakken from Kripos, Norway, could subsequently carry out chemical
analyses. First they established that it was blood and not semen, and
then secured samples of the blood for DNA analyses.

The Arson Dog

As far back as 1946, bloodhounds were used to sniff out forest fire ar-
sonists. This has contributed to reducing the number of forest fires in
several states in the United States where many fires are started.” In
New Jersey alone, there are 1,600 forest fires every year, and 99 per-
cent of these are caused by arsonists or children playing with matches.
In the United States, bloodhounds have been used since 2004 in a va-
riety of different forest fire training programs to raise the awareness
of young people in particular, but also of adults. This has reduced the
number of forest fires considerably.”

In 1984 and 1986, respectively, the initial testing of the arson dogs
Mattie and Nellie commenced in the United States.” Mattie became the
first arson dog, and in May 1987 she had accompanied the police to the
sites of forty-one fires. In some cases, her findings led to both an arrest
and conviction.” In 1995 there were around two hundred active arson
dogsin the United States.” Star, a black Labrador retriever, was the first
arson dog in Europe. Star’s owner and handler, divisional officer Clive
Gregory, started searching for arsonists in September 1996 through the
West Midlands Fire Service in England. Labrador retrievers are often
chosen as arson dogs because they are short-haired and have excellent
stamina, a calm temperament, and a keen sense of smell.”

Searches for Flammable Liquids in Burned-Out Ruins
Arson dogs are specially trained to sniff out evidence in connection

with suspicious fires. The firefighters and police officers’ task is to try
to disclose the cause of the fire: Was it an accident, or did somebody
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start it intentionally? Fire is, after natural disasters, the cause of the
largest losses of both property and human lives. In the United States,
arson with the intention of destroying property or taking somebody’s
life is one of the most common and most difficult crimes to investigate.
This is because most of the evidence from the scene has usually been
destroyed by the fire. It is said that man’s best friend can be the arson-
ist’s worst nightmare.”

The dogs’ work task is to search through the scene of a fire for small
traces of flammable liquids that can be used as an accelerant.” These
traces are often so small that even instruments cannot detect them,
but the dogs are able to find the proverbial needle in a haystack. The
dogs can be trained to locate odorants from many different flammable
liquids (such as gasoline, natural gas, paraffin, mineral spirits, lighter
fluid, brake fluid, solvents, paint thinner, alcohol, and acetone). Dogs
can detect this scent for up to eighteen days after a fire was started.”
They give passive indications for these fluids so the evidence is not
destroyed and forensic technicians are able to take samples. This type
of indication can help determine where the fire started and if a flam-
mable liquid was deposited where the dog gives its indication. In the
event of the suspicion of arson, the remnants from the scene of the fire
are sent in for analysis.%°

In Finland the practice of sending materials in for analysis has been
reduced by 8o percent since the use of arson dogs was introduced. The
Finnish police have found that the dogs’ noses are more effective than
laboratory tests. The demand for arson dogs is on the rise, and they
are important in solving criminal cases. Insurance companies can also
benefit handsomely from the dog’s keen sense of smell. There have
been cases of private insurance companies that have leased arson dogs
to help determine whether or not a fire was set. This can save insur-
ance companies millions of dollars in compensatory damages.®!

The arson dog’s indications are not used as evidence in criminal
cases. However, the results of sample analyses can be.?? The arson
dog is also used to search through vehicles because flammable liquids
might have been stored there by the perpetrator before the fire was
started. Many arsonists like witnessing the fire they have caused and
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therefore may be standing in the crowd watching the fire. By taking
the dog through the crowd, the arsonist can be apprehended. In one
case, a dog was able to detect whether the clothes of the suspect have
been in contact with a flammable liquid.*® In Norway it is against the
law to search randomly through a crowd. However, if an arson dog on
its own initiative should catch a whiff of flammable liquid by air-scent
tracking, the dog handler must follow up on this and such a search is
thereby legal .3

Unfortunately, very little scientific work on the use of arson dogs
has been published.® In a study carried out by fire inspector Mark
Nowlan of Fredericton Fire Department in New Brunswick, Canada,
in 2007, dogs reacted correctly in sixteen out of eighteen cases where
lighter fluids had been used to start a fire.?¢ In a study done in 1997 by
chemistry research scientist David J. Tranthim-Fryer at the Chemis-
try Centre in Perth, Australia, and police consultant John D. DeHaan
at the California Department of Justice in Sacramento, it was shown
that dogs can have difficulties distinguishing between fire accelerants
and burned carpets or plastic flooring.®” The dog should therefore be
trained in a manner that ensures that it is able to make these kinds of
distinctions.2®

The Fire Alarm

It started silently, late one night in some old electrical wiring. At first
there was just a whisper of smoke. Suddenly, the tiny ember burst into
flames that quickly spread to the wooden wall. . . . The whole family
was asleep upstairs while the deadly fire began to break out downstairs,
slowly obstructing the stairway and their way out. In just minutes, es-
cape might be too late. The growing fire and the odorless, toxic smoke
would send them deeper into sleep and slowly kill them. . . . It was at
this moment that the light-sleeping dog woke up, knowing something
was very, very wrong. . . . [S]he barked aggressively at the smoke to
frighten it and at the same time alarm her family upstairs, just as she

would have if there were a burglar breaking into the house.®
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This is how the Swedish author and dog psychologist Anders Hall-
gren’s book Livraddaren pd fyra ben (The four-legged life saver) begins
(translated as Smoke Alarm Training for Your Dog). Awakened by the
dog, the family was able to escape with their newborn baby just in the
nick of time. There are stories in the media all the time about how “the
dog sounded the fire alarm” and “the inhabitants were able to escape
after the dog started howling.” Some dogs fortunately react to the smell
of smoke, especially if it is thick and rancid. Unfortunately, many dogs
die along with their families in fires. In Hallgren’s Smoke Alarm Train-
ing for Your Dog, you can read more about how to train your dog to be
a fire and smoke alarm.

The police and the fire department will rush to a potential fire scene
in response to reports of suspicious smoke odors. Tarro, Sweden’s first
smoke detector dog, started working in late 2000. He was also able to
detect the scent of gas.”® The smell of smoke can come from smoldering
fires, leaving pots on the stove that can lead to dry-outs, and fires in
electrical apparatuses or wiring. However, there is a large difference
between the smell of a fire and the smell of smoke from a dry-out.”
The compound guaiacol emits a typical smoke odor.*? Determining the
location of the source of the odor can be challenging, particularly in
large run-down buildings, and without a dog, firefighters will some-
times depart leaving unfinished business at the scene. The dogs, on
the other hand, will often find the source quickly, so a large-scale fire
can be prevented.”
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Customs and Border
Control

When the customs officers boarded trawlers along the
coast of Cape Town in South Africa at the start of the new
millennium, they were accompanied by Tammy, a border
collie—or police agent A1142, as she was also called. In
2000 Tammy was the only dog in the world who could
detect the scent of the rare shellfish abalone. Overfishing
had put the abalone on the endangered species list, and
it was forbidden to export the species to other countries.
The Chinese and other Asian cultures consider the aba-
lone a delicacy and an aphrodisiac (a libido-enhancing
substance or spice). There is no law forbidding the ex-
port of other seafood from South Africa so the smugglers
would hide the shellfish with seafood that can be exported
legally. As soon as Tammy was on board, she started sniff-
ing around on deck. On one occasion it was not long before
she lay down beside a hatchway filled with fish. Hidden
among the fish, the customs officers found a shipment of
the endangered abalone. Eventually, Tammy was joined
by a “bodyguard,” a German shepherd named Mac, who
also worked for the police. The dogs made a great team.
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Tammy found the illegal shellfish, and Mac ran after the smugglers
who tried to escape—and tackled them!

The Customs Sniffer Dog Worldwide

Many people have certainly encountered dogs at border crossings, on
trains, or at airports on their way through customs. The dogs are also
used on boats, at seaports, post offices, transport depots, and immigra-
tion control points.? At a time when the fear of terrorism is escalating,
dogs are now being used to search through suitcases for explosives and
bombs. They are also used to search through packages sent through the
mail.? The Belgian sheepdog (Malinois), German shepherd, Labrador
retriever, cocker spaniel, and Yorkshire terrier are the breeds most
commonly used for this purpose.* Even if people are innocent, many
become nervous at the mere sight of a dog. But the customs sniffer dog
is well trained and will not react just because someone is nervous. The
dogs perform a large and varied job as “customs officers.”

Travelers carrying illegal products in their luggage must be stopped.
Dogs are well-equipped to achieve this objective and are employed at
many international airports around the world.” The customs officer
has the dog on a leash, and the dog sniffs at people and their luggage.
It is illegal to bring a variety of food and vegetable products into the
United States and Australia. Dogs have been trained to detect these
products at airports.® The Beagle Brigade in the United States was es-
tablished in 1984, and these dogs search the luggage of travelers for
fruit, plants, and meat that can contain hazardous plant and animal
species and that can also have a variety of diseases. The beagles are
particularly skilled at distinguishing between different scents and re-
membering them.” At airports they also work at the conveyor belts
that transport luggage to and from the airplanes. Here they sniff at
each individual suitcase, stepping on them to provoke the release of
more odors, before the next suitcase appears on the conveyor belt.
They continue working like this until every piece of luggage has been
checked. The dogs find shark fins, the bile and gallbladders of bears,
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live iguanas, snakes, seal penises, parrots, monkeys, and other exotic
species.?

Poachers unfortunately still hunt for the horns of rhinos and for
elephant tusks,” which are very popular in China, Vietnam, and Thai-
land, among other places. It is believed by some people in these coun-
tries that these products can have medicinal qualities, which they do
not.!° The horns and tusks are used in Chinese medicine as a cure for
cancer and allegedly to drive out the devil. Smugglers can get as much
as US$65,000 for one kilo of rhino horn, which means that such horns
are more valuable than gold." In Gabon more than 11,000 elephants
have been slaughtered by poachers since 2004, and the population has
been reduced by 30 percent.?

TRAFFIC India

OnJuly 29, 2010, the forest management authorities of the three states
Madhya Pradesh, Maharashtra, and Jharkhand in India acquired five
new employees: dogs that in the course of three months had been
trained to detect the scent of illegal game products. They sniff out
both the bones and skins of tigers and leopards, along with bear bile—
products that are used in traditional Chinese medicine. The organi-
zations TRAFFIC India and WWF-India have funded the training of
these dogs. They have also established sniffer dog programs targeting
smuggled game products in several other countries, including Russia.

A few months after completing the training, the German shep-
herd Raja helped to find a leopard killed illegally that poachers had
attempted to hide. The dog also played a part in tracking down the
culprits. Another dog, Jackie, tracked down two poachers before they
were able to do any damage. The dog Tracey assisted in the detection
of two elephant tusks at the Dalma Wildlife Sanctuary in Jharkhand.
When the forest management authorities found the dead elephant and
saw that the tusks were missing, they initiated a search. They were un-
able to find the tusks. Tracey was therefore called in from the Palamau
Tiger Reserve in the Betla National Park, and after a meticulous search
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she found the hidden tusks. They weighed more than 32 kilos. So far,
the program has been a success, and TRAFFIC India and WWF-India
hope that more states in the country will begin using dogs in conjunc-
tion with their work.”

Searches for Narcotics

In the 1970s, the US customs service began putting dogs to work in
the fight against drugs.”* One of the reasons people started training
dogs was that soldiers tried to smuggle marijuana into the United
States during the Vietnam War in 1971.” The dogs could detect the
scent of marijuana even if it was stored in glass jars or sealed plastic
bags doused with perfume and/or spices or if it was mixed with other
substances. This success led to an expansion of the program, and the
dogs were later trained to detect harder narcotics, such as cocaine
and heroin.'* Twelve narcotics dogs that worked in the border city of
El Paso, Texas, found in the course of nine months narcotics worth
USs100 million."” Smugglers go to great lengths to hide the scent of
illegal narcotics, so the dogs must receive a lot of training. Some dogs
become so proficient that smugglers put bounties on their heads.’® It is
interesting to note that in the United States, cocaine residue is found
on at least one-third of the money in circulation.?

At border crossings, vehicles are often thoroughly checked. If nar-
cotics are hidden in a vehicle, the scent can slip out through open-
ings if there is a wind blowing from the other side, so sniffer dogs are
able to detect the scent of narcotics quickly and from considerable
distances.?® They will also sniff the vehicle thoroughly, both inside
and out. The dogs can find narcotics even if they are floating in the
fuel tank of a vehicle, and even if a package of drugs has been welded
into a metal container. It takes the dogs five to ten minutes to search
through a car. A manual check done by a customs officer can take at
least twenty minutes® and in some cases up to three hours.??

It is not always easy for narcotics dogs to find the source of the
drugs. One dog went completely “crazy” inside a container full of Ori-
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ental furniture. There was a very strong odor inside the container, but
the dog was unable to locate the source of the scent. It turned out that
the furniture had been varnished with cannabis/resin, so the entire
container was the source.?®

Tadeusz Jezierski, professor of behavioral biology at the Depart-
ment of Animal Behaviour in Jastrzebiec, Poland, and his colleagues
demonstrated in 2014 that dogs found narcotics in 83 percent of the
cases when it was hidden inside a familiar or unfamiliar room, but
they were not as effective when they searched outdoors (64 percent)
or in cars (58 percent). Marijuana was the narcotic substance that the
dogs had the easiest time finding. They had the greatest difficulties
finding heroin, followed by cocaine, amphetamines, and hash. Hash
was identified easily even forty-eight hours after it had been removed
from its location in a room. The dogs were not particularly adept at
detecting the scent of heroin after forty-eight hours. The German
shepherd was the dog breed with the best outcomes, followed by the
English cocker spaniel and the Labrador retriever, while terriers were
the worst.?

Searches for Mobile Telephones

Many things are smuggled into prisons. It is not only a matter of drugs,
but also mobile phones. For example, when mafia leaders have tele-
phones in prison, they can continue running their criminal activities
from inside. Although the telephones can be hidden anywhere in a
prison cell, the dogs sniff out the gases emitted by the telephone bat-
teries.”

Searches for DVDs and CDs

Pepper, Lucky, and Flo were the first dogs trained to discover bootleg
DVDs in the 1970s in the United States. They detected the chemical
compound (polycarbonate) used in DVDs and CDs.?¢ They have sniffed



CUSTOMS AND BORDER CONTROL 119

out millions of illegal DVDs, CDs, and video games. The Motion Pic-
tures Association of America lost billions of dollars every year because
of bootleg DVDs. Lucky and Flo worked in 2007 in Malaysia’s capital,
Kuala Lumpur. Here they found a secret room in a video store where
150,000 illegal DVDs were hidden. A month before this, they had found
amillion illegal DVDs and CDs, valuing almost US$3 million. After this
find, the bootleg film perpetrators offered up a reward of US$30,000
for anyone who managed to shoot the dogs.?”
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Military

Cairo is a specially trained military dog who works for the
Pentagon in Abbottabad, Pakistan. He can sniff a piece of
clothing and then find the person it belongs to, even if the
scent is several days old. He can lead soldiers to a closed-
off room where a person being searched for is hiding. He
can detect the scent of explosives, tripwires, and other
booby traps. It is said that on the night of May 2, 2011, he
was lowered from a helicopter along with members of a US
Navy SEAL team. Cairo was searching for Geronimo, which
was the code name for Osama bin Laden, the world’s most
wanted terrorist. An infrared camera was strapped to Cai-
ro’s back, and it picked up all the activity in front of him.
He also had tiny earbuds in his ears that were hooked up to
awireless transmitter. Commands could then be whispered
to Cairo from several hundred meters away, while it was
also possible to see what was happening as he moved for-
ward. Geronimo was killed in an exchange of gunfire that
night, and Cairo had taken part in yet another successful
mission. Dogs also played an important part in the search
for Iraq’s former leader Saddam Hussein and his two sons.!
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The Contribution of Dogs in Wartime

Throughout all of history, dogs have been used in the context of war.?
The Romans and Napoleon used dogs in warfare.> During World War I,
the Belgians, the French, and the Germans all used dogs to find wounded
soldiers.* The Airedale terrier breed was frequently used during World
War I to carry messages and medical supplies to soldiers behind enemy
lines. If a soldier was found who was unconscious, the dog would re-
turn to its handler and lead him back to the soldier.” Medical service
dogs tracked down and alerted medical staff about wounded and dead
soldiers stretcher bearers had been unable to find because of fog, fire,
darkness, or other difficult conditions.® The British used dogs to lo-
cate missing persons in bombed building rubble during World War II.”
Different races of human beings have different odors, and dogs were
trained to find Japanese soldiers during World War II;® scout dogs would
sound the alarm when they detected the scent of hostile individuals or
enemy troops nearby.

During the Algerian War in 1954-62, sniffer dogs were also used to
find enemy troops who had escaped.’ And during the United States’ in-
volvement in the Vietnam War (1965-73), more than 4,000 American
military working dogs were used, and it is estimated that they saved
more than 10,000 human lives.'® The dogs were especially effective at
night. The US military used ally South Vietnamese soldiers to create
trails so the dogs could be trained to detect the scent typical of the enemy
as well as locating North Vietnamese billeting areas and tunnels. In the
attempt to fool the American military, the North Vietnamese washed
with American military soap and covered the tunnel vents with T-shirts
from American soldiers.” They also spread sap from a plant on their
bodies to try to reduce the chances of being found by the dogs.!? Dogs
were also used to find drowned pilots and to track down North Vietnam-
ese who would use reeds to breathe underwater while trying to infiltrate
the Americans’ water route. The dogs could smell the swimmers one and
ahalfkilometers away and up to depths of nine meters. The North Viet-
namese did what they could to kill the dogs and would receive a reward
if they managed to bring back an ear tattooed with the dog’s ID number.?



122 CHAPTER NINE

Messenger dogs carrying important information or ammunition
could travel distances of five to ten kilometers. At the end of such a
journey, the person waiting for the dog would have to be someone the
dog knew well. The dog also had to be familiar with the route in ad-
vance or a tracking fluid was used with a characteristic scent that the
dog had been trained to follow. The enemy tried to confuse the dogs by
laying out fake trails, so the special fluid had to be top secret.*

Dogs have subsequently been used to serve in wars in countries
such asIraq, Afghanistan, and Pakistan. Many people have been saved
by these hardworking dogs. Strapped to their handlers, they can be
dropped by parachute with oxygen masks, cameras, and other ad-
vanced equipment attached to their bodies. In 2011 the Pentagon alone
had 3,000 work dogs prepared for duty in the armed forces all over
the world.?®

The poodle, St. Bernard, and pointer were the first dog breeds to
be used in warfare. German shepherds have been the most commonly
used military working dog breed, but use of the Belgian sheepdog (Ma-
linois) has steadily increased since 2000. As of 2011, the Dutch shep-
herd dog, the Doberman pinscher, rottweiler, Labrador retriever, and
springer spaniel have also been used in the context of warfare.!

Searches for Mines and Booby Traps in Rural Bosnia

Lieutenant Asbjgrn Grande has taken part in many dangerous inter-
national operations. Once in the spring of 1998, he was going to search
for mines and improvised explosive devices (IEDs) out in the Bosnian
countryside. The military mine detection dogs search through unfa-
miliar minefields at night, and their handlers would wear night-vision
goggles with infrared lights. Civilian humanitarian mine clearing is
done using more controlled methods during the daytime and under
the right weather conditions. The searches are done only after a mine
flail has first driven over the area and detonated land mines in its path.
The military mine searches are extremely dangerous missions. In the
area where Grande was supposed to search, there had been very in-
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tense fighting, so the mine density was high and many houses were
rigged with IEDs. Grande had brought along Serbian map sketches of
the minefield, mine groups (more than nine mines), and buildings con-
taining IEDs. He had also been on a mission in Bosnia the preceding
autumn and cleared away many mines, but now he wasin an area with
alot of nettles where it was difficult to acquire an overview. Many of
the antipersonnel mines had been laid strategically, something he was
able to discern from the Serbian mine map sketches. According to the
sketches, some of the mines here were small antipersonnel mines that
were rubberized on top and contained the explosive compound tetryl.
He also knew that the Croatian population did not want the mines and
IEDs to be removed from the Serbian part of the area, because this
would allow the Serbians to move back. Grande therefore had a strong
suspicion that somebody within the Croatian community might set
new booby traps.

Grande worked on the field with the mine detection dog Lisa and a
mine clearer. They marked out a 40-centimeter-wide path and began
searching along the sides of a house. Around this house there was a
type of concrete platform that was one meter wide. According to the
sketch, there was a mine against one corner of the house. Grande also
saw there was a pile of dead grasslying there. As they started to search
at the opposite corner, Lisa didn’t seem to be making much progress.
The dog stopped several times. Any scent here should be easy for her to
detect so Grande was a bit puzzled about why she kept stopping. They
approached the corner of the house. When they were only two meters
away, Grande saw that Lisa lifted her muzzle. He corrected her with
the words “Lisa search.” Grande understood then that something was
happening. Lisa put her nose on the grass pile and stopped. She calmly
stuck her snout down into the grass. Then she pulled back her head
and gave a clear indication by sitting with her head turned to face the
hole her snout had just made. Grande made Lisa back up one meter,
so she was between his legs, and he bent down to look. It felt as if his
heart stopped. Grande said to the man behind him: “Stand completely
still, don’t move one inch.” They were standing on a tripwire attached
to a stake mine under the pile of grass. There was not supposed to be a
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stake mine or tripwire here. Somebody had taken away the mine that
was supposed to be there and installed a stake mine instead and put
in a tripwire underneath the moss—a diabolical trap. Had Lisa taken
one more step and put her paw on top of this wire, their lives would
have come to an abrupt end. Grande froze for a few seconds while
thinking, and then he fished the cutting pliers out of his vest pocket.
He bent down and cut the wire directly up against the mine. Lisa sat
completely still as she is supposed to do in this kind of situation. It
was the tripwire that had confused Lisa on the way in. Grande picked
Lisa up and turned her around, and they walked out the way they had
come in. When they got to safety, they breathed a sigh of relief. Grande
was drenched in sweat. The margins had been in their favor this time
as well. They could thank Lisa for that. She did exactly what she had
been trained to do.

Explosives and Bomb Detection Dogs

Explosives are made of a mixture of different chemicals that explode.
Some compounds are more prevalent than others.”” There are many
different types of explosives, and each group has a unique chemical
composition.!® Dogs use only their sense of smell and not their sense of
sight when searching for explosives.”” They can be trained to find ex-
plosives such as dynamite, Semtex (plastic explosives), FORMEX, hex-
ogen (RDX), C-4, nitroglycerin, ammonium nitrate, plastic explosives,
and smokeless propellant gases and fuses.?® One of the most common
high explosives of the last one hundred years is 2,4,6-trinitrotoluene
(TNT). TNT not only constitutes a security threat but is also a threat to
the environment.? Tadeusz Jezierski and his colleagues demonstrated
in 2012 that dogs had the hardest time detecting TNT, followed by ex-
plosives, gunpowder, Semtex, and dynamite.?>

The “holy grail” is determination of the particular scent that dogs will
use to detect these explosives. The most practical solution is to train the
dogs on the volatile odorants found in the explosive. The problem with
this is that different explosives can be made of different substances.
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Different manufacturers use different materials, which makes it im-
portant to train dogs using a broad and varied range of materials.?
Dinitrotoluene (DNT) is also produced as a by-product and is a key
substance in TNT detection, while 2-ethyl-1-hexanol is the key sub-
stance for RDX—two key substances that dogs should be trained to
detect.?*It isimportant to remember that the scent of small concentra-
tions of explosives can differ from the scent of large concentrations.?
In other cases, the amount of the material —for example, if there is 1
milliliter or 10 milliliters of the substance nitromethane—was of no
significance to the success of the dogs’ outcomes (54 percent in both
cases).? If dogs are trained on individual substances, they may have
difficulties detecting this substance when it is found in an unfamiliar
mixture.?” If you are going to train a dog to find C-4, it is reccommended
that you train it on the explosive in question and not on imitations or
individual substances, as has formerly been the practice. Some of the
volatile substances in explosives are also found in ordinary products
such as PVC tiles, PVC pipes, insulation tape, and credit cards.?

Bomb detection dogs are used by both the armed forces and the police.
They are most commonly from the breeds German shepherd, Belgian
sheepdog (Malinois), Labrador retriever, springer spaniel, and vizsla.?
These dogs normally remain calm both inlarge crowds and with strang-
ers. One of the world’s first bomb detection dogs was a German shep-
herd named Brandy. Immediately following the departure of a plane
traveling from New York to Los Angeles on March 9, 1972, word came
that a bomb had been planted onboard. The plane turned around and it
was only by chance that Brandy happened to be at the airport that day.
Right after the passengers disembarked, Brandy was taken on board.
The dog searched through the plane, and when she reached the cockpit,
she gave an indication for a suitcase. There was a bomb in it, and luckily
the team was able to defuse it twelve minutes before it was supposed to
go off. From that day on, dogs acquired an important role in bomb de-
tection work at major US airports. It was President Richard Nixon who
initiated this program so travelers would feel safer at airports.>

The dogs also detect bombs and other explosives if people have such
things concealed on their person when they walk through an airport or
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railway station. These dogs can detect the scent of a person carrying a
concealed bomb even fifteen minutes after the person has left the area.
Amtrak began using these types of dogs on its trains and in its railway
stations in 2008, and they were implemented at the Los Angeles Inter-
national Airport in 2011.

The Explosives and Bomb Detection Dogs Sadie
and Buster

A few meters away from the parking lot, a bomb had been buried un-
der a pile of sandbags. A German soldier had just been killed by a car
bomb, and there was a feeling of nervousness in the air. Planting an
additional bomb is in fact a preferred terrorist tactic, designed to do
the greatest possible damage. If this bomb also went off on this Novem-
ber day in 2005, another two hundred UN soldiers and rescue crew
members in Kabul in Afghanistan would have died or been seriously
injured. The NATO soldiers were fortunately not alone in Kabul on this
day. The group had with them Corporal Karen Yardley from Scotland
and Sadie, ablack Labrador retriever. The odorants from the bomb had
reached Sadie’s nose, and her black tail was wagging energetically.
She sat down and stared straight into a brick wall. Corporal Yardley
recognized Sadie’s signal and understood that there was a bomb on
the other side. Yardley immediately notified the bomb disposal squad,
who subsequently successfully deactivated the bomb. The soldiers’
lives were saved thanks to Sadie’s sensitive nose.*?
The springer spaniel Buster is another well-known military dog.

“The soldiers had found nothing so I unleashed Buster and sent him in,”
said the hound’s handler, Sergeant Danny Morgan of the Royal Army
Veterinary Corps. “Within minutes he became excited in a particular
area and I knew he’d discovered something. The Iragis we spoke to had
denied having any weapons. But Buster found their arms even though
they’d hidden them in a wall cavity, covered it with a sheet of tin then

pushed a wardrobe in front of it.”
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Buster, who is thought to be the only explosives sniffer dog working
with the coalition in Iraq, has been given his own protective gear in
case of chemical attack. When gas or missile attack warnings sound,
he leaps into a special sealed pen equipped with an electric motor that
pumps air through a gasmask filter.

“I trained him by teaching him to fetch weapons like guns and am-
munition instead of sticks and balls,” said Morgan, who keeps Buster as
afamily pet in Hampshire, England. “He loves his job simply because he
thinks it’s a game and obviously has no idea he’s going into dangerous

situations.”

The Dickin Medal is awarded to animals to honor service with dis-
tinction in wartime. Both Buster and Sadie received this medal for
their heroic contributions during these missions.>*

Searches for Mines and Unexploded Munitions

The most valuable work that dogs carry out is very likely the clearing
of land mines and other unexploded munitions from areas of land af-
ter wars.* The first mine detection dogs were put to work during the
Second World War. Dogs were also used during the Korean War and
the Vietnam War. The Swedish military began using mine detection
dogs in the 1950s.> Mine detection dogs have thus been in use for more
than seventy years, but dogs have been used for humanitarian demi-
ning since 1989. When the Russians pulled out of Afghanistan in 1989,
mine detection dogs came to play an important role.*” As of 2013, they
were found in almost every country that has a problem with mines.
Usually German shepherds, Belgian sheepdogs (Malinois), or Labra-
dor retrievers are used.*

The Geneva International Centre for Humanitarian Demining
(GICHD) is an international organization based in Switzerland that
works to eliminate mines and other dangerous explosives.>* GICHD
was founded in 1998 and has fifty members from many different coun-
tries. Their work is supported by many governments and organiza-
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tions, and they visit some sixty countries a year.*® Another important
organization is Norwegian People’s Aid, which has its own training
center for mine detection dogs (Global Training Centre), located out-
side of Sarajevo in Bosnia and Herzegovina. This training center is
one of the best in the world. Terje Groth Berntsen is the director of the
center, where they breed dogs and carry out training of dog handlers
and dog trainers. The dogs are used in the center’s own demining pro-
grams and also by other demining operators. They have worked with
different breeds, but as of 2014 use only Belgian sheepdogs (Malinois).
A Malinois is able to clear 30 percent more of a minefield than, for
example, a German shepherd in hot weather conditions. Along with
being lighter and smaller than German shepherds, Belgian shepherds
have a coat that keeps them cooler, which means less panting. They
also have an extremely strong willingness to search. The dogs receive
training for a year and a half and can work for up to ten years. There
are strict requirements imposed on a mine detection dog. To be a good
mine detection dog, the dog must have the utmost desire to search,
since they must be in the field from four to five hours at a time, in 30-
40°C heat, every day. In other words, such a dog is like an elite ath-
lete. The Global Training Centre has been dispatching dogs to different
minefields since 2004.

As of the writing of this book, the mine detection dogs trained by
Norwegian People’s Aid have demined an area equivalent to almost
79 million square meters in different countries all over the world. No
mines have subsequently been found in these areas. Since 2006 the
dogs have found 2,896 mines, 8,850 explosive remnants of war (such
as unexploded shells and ammunition), and 278,433 different frag-
ments of a variety of explosives. No accidents have occurred so far,
and no dogs have been injured or killed by mines or other explosive
ammunition.* If the soil contains alot of stones and metals, a deminer
with its instruments will take much longer than a dog. The dogs find
the mines on average twenty times more quickly than a deminer. In
the course of a working day, 800-1,700 m? of cultivated land can be
demined using dogs,** while a deminer will only manage around 10
m?. In 2006 Norwegian People’s Aid had sixty-five active mine de-
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tection dogs working in five countries, and it has trained many more
subsequent to this, approximately seventy-five per year. The dogs are
sent to countries such as Cambodia, Ethiopia, Jordan, Republic of the
Congo, and Tanzania. In Cambodia the dogs have found mines buried
six meters underground, even though they have been lying there for
forty years.*®

The dogs sniff out the scent of TNT, which is found in traditional
metal land mines and also in newer mines covered with plastic. TNT
is found in approximately 80 percent of all mines.** TNT compounds
that leak out of the mines slowly creep up to the surface and are bound
to dust particles on it.** The compounds from the mines creep more
slowly to the surface when in dense clay than in loose sand. The dogs
can detect the scent of the compound even in very small quantities.*
The odorants from the mines are easier to detect if the dogs sniff close
to the ground.¥’

When peace is declared, the mines are still hidden in the ground.
Children out playing can step on the mines and be killed or seriously
injured. Every year more than 15,000 mine accidents occur in more
than eighty-two countries. It is not only human beings who are killed
by mines. Between 1994 and 2005, approximately 300,000 wild and
domesticated animals were killed by mines.*® There are more than 100
million mines throughout the world today. The possibility of a mine
in a given area can mean that entire villages cannot return home or
cultivate the land.* It is estimated that it costs US$5 to put a mine in
the ground, while it costs about US$1,000 to remove it. In 2002 mine
detection dogs were used in twenty-three countries, and more than
seven hundred dogs were on the job.*°

Most dogs are used in the field, where they search for mines di-
rectly. In the context of this work, it is important that the dogs give
100 percent correct indications when there are mines, but they can
make mistakes (5 percent) if no mines are to be found (in other words,
give indications for mines even when there are none). Dogs are trained
first in a test minefield where mines without a trigger mechanism
have been planted.” After fifteen weeks of training, the dogs achieve
outcomes of approximately 95 percent correct indications. In a field
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search, more dogs are used in order to compensate for the errors they
may make.*? If a mine detection dog makes a mistake, in the worst case
both the dog and the handler can be killed. The dogs are taught to be
calm when they give an indication for detection of a mine in order to
avoid detonating the mine. A single jump or other movement can kill
or injure the equipage. The dog handler informs the demining team
by walkie-talkie and marks the detection on a map. The mine is de-
activated before it is moved to a secure area, where it is detonated.?

The dogs do not always work out in the field. They can also receive the
scent on a filter gathered from a minefield. This is called Remote Explo-
sive Scent Tracing (REST).** This technique was first implemented by
the demining company Denel Mechem in Mozambique and in Angola
inthe early 1990s.” This effective method has been used in a number of
countries that have mines for the quick clearing of roads.® In practical
terms, the demining team uses a vacuum pump to suck the air over a
road into a filter.”” Typically, searches of a stretch of road 100 to 200
meters long and approximately 5 meters wide will be carried out at a
time. Different sections of the road are gradually mapped out, so many
filters are collected. The filters are taken to the laboratory, where they
are presented to trained mine detection dogs on a carousel or a scent
detection board. The dogs then find the sample that has the scent of
amine.’
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Medical Detection

Rebecca Farrar from England is seven years old and has
type 1diabetes. She has to test her blood sugar seven times
a day. She must consume glucose if her blood sugar is too
low and take insulin shots if her blood sugar is too high;
if not, she will suffer a physical collapse. Luckily, in 2010
she acquired a dog that reacts when her blood sugar level
drops or rises. Shirley, a Labrador-golden retriever, goes
to school with Rebecca and was the first canine assistant
allowed into the classroom in Great Britain. Shirley sits
beside her desk in the classroom along with twenty-eight
other children. By the time Rebecca experiences a dra-
matic drop in her blood sugar level, without having demon-
strated any other symptoms, the dog has already warned
the teachers. If Rebecca’s blood sugar is not as it should
be, Shirley lets her know by licking her hand. She even
makes sure that Rebecca has on hand a box of supplies so
she can check her blood sugar. At night the two of them
sleep side by side. Shirley has saved Rebecca’s life many
times. A serious episode could cause Rebecca to fall into
a diabetic coma, and she could die if the symptoms are
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not treated immediately.! Another dog by the name of Mr. Darcy had
his own Facebook page, where it was possible to follow along with the
work he did for his owner, Abi Atkinson. He also reacts to high and low
blood sugar levels and takes care of her every single day.

The Health Benefits of Having a Dog and the Odors of
Different llinesses

The dog is often referred to as man’s best friend. There is a reason for
this: dogs can reduce stress levels, anxiety, and depression and, be-
yond these benefits, ensure that their owners have company, enter-
tainment, and get physical exercise. There is a lot of evidence demon-
strating that people’s health can be improved by having a dog? and
that they can also help reduce the risk of many less serious illnesses/
ailments, such as headaches, the common cold, fever, and dizziness, as
well as more serious cardiovascular diseases, such as blood clots and
heart attacks. People who have a dog smile more and are greeted by
and fall into conversation with other people more frequently.> There
are more benefits to owning a dog if you are single than if you are
married, and more benefits if you are a woman than if you are a man.
However, some married couples may find that it leads to a lot of ad-
ditional responsibility if they are also juggling parenting duties, their
jobs, housework, family, friends, and leisure activities.*

Inrecent years, we have become more aware of dogs’ ability to serve
as an “early warning system” for certain kinds of illnesses.> We know
that medical personnel can associate different odors with different
illnesses, and if our urine or feces have an abnormal odor, this can
help alert us to a health-related issue.® Many illnesses emit specific
odors and can to a certain extent be identified on the basis of this.” In
the past, doctors would diagnose illnesses by studying patients’ body
fluids, urine, and feces.® They knew that typhus smelled like freshly
baked brown bread, measles like recently plucked feathers, and yellow
fever like a butcher shop.? Some skin diseases also have characteristic
odors.!® Scurvy will give you an odor that smells rotten, and mono-
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nucleosis has a sourish odor." If you have a uremia, your urine will
have an unpleasant ammonia scent, and even schizophrenia produces
a characteristic odor (from the substance trans-3-methyl-2-hexenoic
acid, which is found in sweat).”? It can be difficult for humans to recog-
nize the odor of different illnesses, since variations between individu-
als can cause the production of different odors from the same illness.?
For that reason, it’s not strange that dogs have been trained to detect
different illnesses using their sense of smell.

Dogs Can Detect Diabetes Type 1and 2

According to the International Diabetes Federation, 366 million people
had diabetes in 2011, and the number will very likely increase to 552
million by 2030." Type 1 diabetes is a chronic illness caused by a de-
ficiency of the hormone insulin and is the most common metabolic
illness found in human beings. People who have type 1 diabetes must
take insulin in the form of injections. High blood sugar can develop
into acidosis (ketoacidosis) with type 1 diabetes.” In the urine, keto-
acids are converted into acetone, so the breath will smell of acetone.®
Type 2 diabetes is a chronic illness caused by a deficiency in the hor-
mone insulin and/or diminished insulin resistance. Eventually the
metabolic changes will affect all body functions, causing lethargy,
fatigue, and low spirits.”

Hypoglycemia is the medical term for a condition in which the blood
sugar level is below normal, while hyperglycemia means that the blood
sugar level is higher than usual. Low blood sugar is most common in
people who have type 1 diabetes and take insulin, but it also arises
with the use of insulin for type 2 diabetes.’® A low blood sugar level
causes reduced brain function, and both the ability to think and reac-
tion time are diminished. People who have this illness are at greatest
risk just before meals and at night.’” A big problem is that these people
are often unable to recognize by themselves that their blood sugar level
is dropping. It is unclear how dogs are able to detect hypoglycemia.
Odor has been proposed as the most probable explanation,?® although
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in an experiment carried out by research scientist Ky Dehlinger at the
Medical Center in Portland, Oregon, and colleagues in 2013, three dogs
were unable to recognize the skin odor from the arms of people with
type 1 diabetes.? It has also been suggested that there can be a con-
nection with the vomeronasal organ (see chapter 2, “A Dog’s Sense of
Smell”).?2 Increased sweating has been reported repeatedly in people
suffering from hypoglycemia.? It is therefore probable that dogs de-
tect the chemical change in their owners’ sweat.

Many dog owners who have diabetes have reported that their dog
will nudge them until they wake up, others that their dog wakes them
up by barking and scratching on the door when their blood sugar
level drops.2* It is very likely that these individuals did not send
any signals other than an odor. The dogs did not calm down until
the owner had eaten something and the blood sugar level returned
to normal. An elderly farmer who had type 1 diabetes had his dog
with him in the car one day when he was out driving in France in
2006. When the owner’s blood sugar level dropped, the dog woke up,
stared at the owner, and started barking furiously until he stopped
the car.

It wasn’t until 2008 that research scientist Deborah Wells and col-
leagues at Queen’s University in Belfast carried out a study on the
reactions of untrained dogs to hypoglycemia in patients with type 1
diabetes.?® They found that many dogs (65 percent) detected hypogly-
cemia before their owners were aware that they were experiencing
symptoms. The dogs reacted by barking, licking, rubbing their noses
against the owner, jumping up on them, or staring intensely at their
face. Some dogs reacted with fear. They ran away, hyperventilated, or
started to shake. The dogs also woke their owners up during the night.
In the majority of the cases, the dog was sleeping in another room and
if the door to the bedroom was shut, the dog scratched on it to wake
the owner. In 2013 animal welfare and behavioral biologist Nicola
Rooney at the University of Bristol in England and colleagues trained
dogs to respond to people with hypoglycemia and hyperglycemia. The
dogs were greatly appreciated by their owners, increasing their qual-
ity of life.?”
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Kiko “the Surgeon”

There are many incredible dog stories in circulation. High on the list
of these is the story about the Jack Russell terrier Kiko, who became a
“surgeon” by amputating half the big toe of his owner Jerry Douthett
from Rockford, Michigan. He basically just bit off the toe and ate it.
Both Kiko and other dogs had been showing a great interest in the big
toe for a long time. They were always sniffing at it. One evening, after
the owner had had a little too much to drink and was in bed asleep,
Kiko took advantage of the occasion. The owner woke up with a big
toe that was nothing more than a bloody stump. At the hospital, the
doctors discovered that the owner had type 2 diabetes and a serious
infection in his big toe. His blood pressure was dangerously high and
the doctors had to complete the amputation.2?

The Diabetes Dog Nemi

One diabetes dog named Nemi assists seven-year-old Nicklas André.
Nemi—a German shepherd, rottweiler, and Labrador retriever mixed
breed—reacts when Nicklas André’s blood sugar level drops and also
warns his mother, Anneli G. Johansen.? If his blood sugar level is be-
low 4.2, Nicklas André becomes hypoglycemic, his body debilitated
and his speech lethargic and slurred. During the last months before
Nicklas André learned that he had type 1 diabetes, Nemi was very
restless. When the family came home after he had been in the hospi-
tal, Nemi sniffed at Nicklas André a little before settling down on the
couch. The dog was “suddenly” calm. She now gives a warning long
before the other family members notice anything, even if Nicklas An-
dré is lying in bed asleep upstairs. Nemi had not had any training; she
reacted instinctively. Later Johansen began training Nemi using saliva
samples on a cotton ball to develop her innate abilities even more. She
found a dog training school in Virginia, Tidewater K-9 Academy, that
could help her train Nemi to be a diabetes dog. (A number of books
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and articles have also been written about the training and selection of
diabetes dogs.*°) More effective training commenced, and Nemi had
a powerful reaction when Nicklas André’s blood sugar level rose to
around 15. Teaching the dog to respond to low blood sugar levels was a
more difficult task, but Johansen managed that as well. In the freezer
she keeps bags of odor samples that she collected when Nicklas An-
dré’s blood sugar levels were low and high to train Nemi to learn to
recognize.”

Dogs Can Detect Cancer

In 2008 close to 12.7 million people were diagnosed with cancer world-
wide, and 7.6 million people died from the disease.’ Two years later,
in 2010, as many as 28,271 people developed cancer in Norway. The
most common forms for men are prostate and lung cancer, while for
women the most common are breast and colon cancer.” Research has
shown that the early detection of cancer is very important, and in-
creasingly more dogs are being trained for this purpose. It all started
in 1989 when a forty-four-year-old woman had visited her doctor at
King’s College Hospital in London after her mixed-breed dog (Dober-
man/border collie) had started sniffing at one particular mole on her
leftleg. The dog showed no interest in the other moles. The dog sniffed
at the mole several minutes every day, also through her trousers, and
this behavior continued for several months. The dog had even tried
to bite off the mole. It turned out that the dog had detected cancer in
the mole.** Twelve years later, Parker, a Labrador retriever, detected
cancer on the thigh of a sixty-six-year-old man from Nottingham, En-
gland,* and in 2005 a dachshund puppy discovered breast cancer in a
forty-four-year-old woman from Wausau, Wisconsin.*® In both cases,
the dogs lost interest in sniffing these parts of the body after the can-
cerous tumors were removed.

Cancerous tumors produce odorants (alkanes and benzene deriv-
atives) that are emitted into the air through people’s lungs, urine,
feces, tissues, blood, and sweat.*” Dogs can detect these compounds
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even in extremely small concentrations. Some dogs possibly have an
innate ability to detect the odor of cancerous tumors, while others can
be trained. One possibility is that the volatile organic substances and
compounds produced by the tumors and emitted through the sweat,
breath, and/or urine stem from the group of genes called the major
histocompatibility complex (MHC).?

Since 2004 a number of different scientific studies have shown that
dogs can detect bladder cancer, melanoma, lung cancer, breast cancer,
ovarian cancer, prostate cancer, and colorectal cancer.*® The research
scientist Carolyn Willis and colleagues at Amersham Hospital in Buck-
inghamshire, England, performed the first scientific study in 2004 de-
signed to investigate whether dogs could detect the odor of cancer.*°
They began by trying to train dogs to detect the odor of bladder cancer
in patients’ urine samples. The research scientists hypothesized that
substances from the cancer cells could be found in the urine, and that
it is these substances that give the urine a characteristic odor. Form-
aldehyde has been found in urine samples from patients with bladder
and prostate cancer in much higher concentrations than in patients
who do not have cancer.* It took the research scientists seven months
to teach the dogs to recognize the odor of bladder cancer. The dogs
were trained to ignore the urine from people who smoked. The dogs
also had to learn to distinguish between the unique odor of bladder
cancer and other bladder illnesses. In the experiment, the dogs had to
differentiate between seven types of urine that were placed in petri
dishes. Subsequently, they had to lie down in front of the dish from
the patient with bladder cancer. The dogs chose correctly in 41 percent
of the tests, which is far more than could be expected had they simply
been choosing at random (14 percent).* It is of interest to note that
during the training period, one of the dogs repeatedly chose the urine
sample from one of the presumably healthy participants. A more thor-
ough test showed that this person had an undetected—until then—and
life-threatening tumor in one kidney.

In 2004, fifteen years after the dog of the forty-five-year-old woman
from London discovered the cancerous mole and chemical substances
indicating cancer were found in the woman’s blood and urine,* the
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American dog trainer Duane Pickel and colleagues in Tallahassee, Flor-
ida, speculated about whether dogs could detect these substances.**
The first trials used two dogs, a schnauzer and a golden retriever. One
of the dogs confirmed cancerous moles in six out of seven patients. The
other dog investigated four of these seven patients and reacted like the
first dog. In another experiment—carried out in 2006 by the cancer
research scientist Michael McCulloch at the Pine Street Foundation
in San Anselmo, California, and his colleagues—five dogs (Labrador
retrievers and Portuguese water dogs) were presented with sealed test
tubes containing the breath of humans with and without lung can-
cer and breast cancer. The dogs’ sniffing detection results were ex-
tremely accurate (99 percent for lung cancer and 88 percent for breast
cancer).®

On a global basis, more than 205,000 women are diagnosed with
ovarian cancer annually. Only 46 percent of these are still alive five
years after receiving the diagnosis.*¢ Chief physician Gy6rgy Horvath
performed several cancer experiments with his dog at the Sahlgrenska
University Hospital in G6teborg in Sweden in 2008, and his dog iden-
tified 100 percent of the tissue samples from patients with ovarian
cancer and 98 percent of the tissue samples from patients without
cancer correctly.*” Horvath has several dogs, and two years later two
more of these succeeded in detecting these substances in blood sam-
ples (plasma) from patients with ovarian cancer. The dogs scores were
100 percent correct.*® Horvath’s dogs did not recognize other cancer
odors, which would imply that all types of cancer have their own
specific odor. There is also a specific odor for colorectal cancer that
is produced when cancerous substances are circulating through the
body. A Labrador retriever was allowed to sniff breath samples and
feces samples from patients with colorectal cancer and from healthy
individuals. On the breath samples, the dog scored 91 percent, for the
feces samples, 97 percent.*

The urologist Jean-Nicolas Cornu at the University of Paris and
his colleagues used dogs to detect prostate cancer in 2011—after hav-
ing trained dogs from the Belgian sheepdog breed (Malinois) for two
years. The dogs were trained to recognize whether urine samples came
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from men with prostate cancer or from healthy men. The research sci-
entists investigated the urine samples from 66 people for the trial —33
with prostate cancer and 33 without. The dogs succeeded in 30 out of
33 cases (91 percent) in identifying the urine samples from the cancer
patients. What remains to be done in this context is identification of
the chemical compounds that create this characteristic cancer odor.>°

The majority of the experiments show that the use of dogs is a prom-
ising method for early cancer detection, but further challenges re-
main.” Both the methods for training dogs and for storing the samples
need to be improved.*2 Moreover, the research scientists Emily Moser
at New College in Sarasota, Florida, and Pine Street Foundation’s Mc-
Culloch hold that the control samples and cancer samples should come
from individuals who are about the same age,” but not all research
scientists agree on this, since dogs will not be influenced by individ-
ual personal odors if they have been trained properly.** The odor of
the hospital should be avoided, since the dogs can become accustomed
to this odor, which can lead to more false outcomes. Breath samples
should therefore be collected from outside the hospital.> Many people
perceive the scent of phenol, for example, as being a typical hospital
smell, since phenol is employed as a disinfectant.* It is important to
be aware that both the ability to detect odors and the length of concen-
tration span do not just vary from dog to dog, but also for the same dog
from one day to the next.

Different breeds also have different genes that influence their sense
of smell for certain substances.*” Skeptics hold that using dogs to detect
cancer can become an overly complicated procedure, compared with
chemical methods in the laboratory, such as mass spectroscopy.’® Oth-
ers maintain that electronic noses (an apparatus containing sensors
and a detection system that senses odor molecules) are better.* When
it comes to bladder cancer, the electronic noses are the best. In other
cases, the methods are equally effective, while the dog’s nose is better
than the electronic nose for ovarian cancer and breast cancer.*® Doc-
tors have pointed out that in cases where ovarian cancer is detected at
alate stage and the prognosis is bad, the development of cancer takes
place so rapidly that having a dog with a keen sense of smell does not
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help.® In a study from 2013, Horvath and colleagues demonstrated
that the dogs were able to detect ovarian cancer in patients at an early
stage. The cancer could not be diagnosed using other methods before
two to three years down the road. Use of a dog can thereby without any
doubt increase cancer patients’ chances of survival.s?

There is reason to believe that the use of dogs holds alarge potential,
for example, in the context of searching through large crowds in poor
nations without the resources to carry out advanced laboratory tests.®
Moreover, African American women are much less likely to go to the
doctor for breast cancer exams than women from other population
groups, which makes early detection of a cancerous tumor in these
cases unlikely.®* Using dogs as “oncologists” is an interesting method
and is also quick and painless.® Breath and urine samples can be taken
anywhere and sent into the laboratory.® Breath samples have a large
potential for the detection of different types of gastrointestinal cancer,
such as stomach cancer, intestinal cancer, rectal cancer, liver cancer,
pancreatic cancer, and gallbladder cancer.®” Patients would not need
to travel to special clinics since no X-rays or manual palpations of the
breast in an exam are involved. There is little doubt that these results
are encouraging, and future research will hopefully show whether the
dog’s sense of smell can be an effective tool in terms of early cancer
detection.

In 2006 to 2009 in Norway, Turid Buvik at the Trondheim dog train-
ing school, in collaboration with research scientists from St. Olav’s
Hospital, trained dogs to detect lung cancer in ninety-three patients
using their sense of smell. They tested both breath and urine samples,
and the dogs distinguished between samples from cancer patients and
healthy patients in 99 percent of the pilot experiments. However, the
dogs were not as successful when tested in distinguishing between
people with malignant and benign tumors. In these tests, the dogs
had an accuracy of 56 to 76 percent. The specificity—how often a dog
does not indicate a can that does not contain the odor of a malignant
tumor—was also very low (8.3-33.3 percent). The research scientists
therefore concluded that the dogs were not good enough to be used in
the medical examinations of lung cancer patients in clinics.
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Since the summer of 2011, Siri and Jens Stedje, Hogne Hole, and
Henriette Schermacher Marstein have trained dogs to give indica-
tions for the scent of prostate cancer in the urine of patients. Many
men develop this form of cancer every year. The project’s objective
is to develop a precise, cost-efficient, and painless method for early
detection of prostate cancer. If the cancer is detected at an early stage,
the patient’s potential for survival can be increased by 30 to 40 per-
cent. By working in collaboration with private stakeholders, instruc-
tors, and dog handlers from the police force and search and rescue
dogs, along with the Prostate Cancer Federation, the hope is that as
many people as possible will take part in developing this method. The
dogs from the project have responded to prostate cancer tumors that
were only 1 millimeter in size. They also train dogs to detect other
kinds of cancer, so people who have recently been diagnosed with
lung cancer, breast cancer, prostate cancer, or cervical cancer and
have not yet received treatment can take part in the project. For ex-
ample, a man around sixty years of age was hospitalized because his
urine contained more blood than urine. He was discharged the fol-
lowing day after having been diagnosed with a renal pelvic infection.
His wife was not convinced by the diagnosis and contacted with a
group called Cancer Detection Dogs. The dogs gave indications for
cancer, and Sissel Overn, the urologist who collaborates with the
group, confirmed that the man actually had bladder cancer. A short
time after the dogs had given indications for cancer, the man received
treatment. He is eternally grateful to the dogs—their detection led to
diagnosis of cancer at an early stage, which in turn resulted in rapid
intervention and treatment. He was given a clean bill of health and
is back at work full-time. Another man, whose doctor had informed
him that he had all the symptoms of prostate cancer, also had Cancer
Detection Dogs check a urine sample. It turned out that the dogs did
not react to it. The man followed up by having his doctor do further
tests, including a biopsy. Months of uncertainty subsequently fol-
lowed: Did he have cancer, as his doctor had believed, or were the dogs
right? The answer was that he did not have prostate cancer.® The dogs
were right!
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Dogs Can Detect Other llinesses and Allergies

There are many cases of people reporting that their dog reacts to ep-
ileptic seizures, pregnancy, or if they are about to faint or have a mi-
graine episode.” There have also been claims that dogs can give warn-
ings about heart disease and when someone is on the verge of falling
into a coma. It has been proposed that dogs are reacting to odor,” but it
could also be the person’s behavior that causes the dog to react. There
are still no scientific studies that support the hypothesis that it is odor
that causes dogs to react and warn their owners.

“Peanut dogs” react to different products that contain peanuts and
other tree nuts and are enormously helpful for many people who have
nut allergies.”? Meghan Weingarth of Suwanee, Georgia, is allergic to
nuts, and her life has changed because of her dog LilyBelle, a golden-
doodle (golden retriever/poodle mix), accompanies her every day.”
LilyBelle was trained by Ashleigh Kinsley from the Georgia K9 Acad-
emy to give indications for foods containing nuts.

Seven-year-old Kaelyn Krawcyk from Durham, North Carolina, has
arare cell disease that can cause a serious and rapid allergic reaction
that can be fatal. Her dog J] reacts to this serious allergy, so when Kae-
lyn needed to have surgery at Duke Medical Center, J] was allowed to
accompany her into the operating room. JJ is able to detect an aller-
gic reaction five minutes before any vital signs are visible, something
available medical technology was not able to do.” Dogs are also used
to detect bacterial infection caused by the bacteria Clostridium difficile,
which causes severe diarrhea. This infection is particularly dangerous
for patients with a debilitated immune system.”

We have only just begun looking at the beneficial opportunities to
be found in using the dog’s fantastic nose when it comes to detecting
illnesses. Tuberculosis is an illness caused by bacteria, and several
chemical compounds caused by the illness have been identified.” In
2011 a number of research scientists discovered that honey bees and
rats can smell this illness.”” Claire Guest, research scientist and head of
Medical Detection Dogs in England, has proposed training dogs to de-
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tect badgers with bovine tuberculosis, so individual infected animals
can be eliminated.” Up until 2014, unfortunately, the lives of many
healthy badgers were sacrificed because of the disease. Other conceiv-
able tasks can be to train and investigate whether dogs can sniff their
way to the detection of different kinds of venereal diseases, the Ebola
virus, bird flu, and tick-borne diseases.”

Dog Training Organizations

Dogs are now systematically trained by organizations that specialize
inillness detection. Among these are Support Dogs and Medical Detec-
tion Dogs, both in England; and in the United States, Dogs 4 Diabetics
and the Wildrose Diabetes Alert Dog Foundation.®® In 2009 the above-
mentioned Claire Guest received confirmation that she had breast can-
cer when she trained her first cancer detection dog. Daisy jumped up on
Claire and pushed her nose into her breast, which was abnormally sore,
and upon closer inspection, she discovered a lump.® Medical Detection
Dogs began working in 2010 with prostate cancer detection from urine
samples,®? the year before they started working with patients with nar-
colepsy (sleepiness), cataplexy (sudden, transient episodes of muscle
weakness), asthma, nut allergies (walnuts, cashew nuts, and peanuts),
and Addisonian crisis (acute adrenal failure).®*
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Field Assistant

Research scientist Donna Shaver is working for the Na-
tional Park Service in Texas to save the world’s rarest
sea turtle.! The Kemp’s ridley sea turtle was at one time
a species commonly found in the Gulf of Mexico, but due
to shrimp trawlers, fishing nets, oil spills, and vehicles on
the beach, biologists feared that it would become extinct.
In 1985 there were only 702 nests left in the entire world,
and the majority of these were on a 25-kilometer-long
beach in Mexico. In the past twenty-nine years, Shaver,
her colleagues, and volunteers have worked to establish a
stable sea turtle population on Padre Island in Texas. The
nests of this sea turtle are much more difficult to find than
those of other sea turtles, since it prefers to lay its eggs
during the worst of storms. A storm will erase all traces
of the mother when she comes up out of the ocean to bury
her eggs on the beach. In the 1980s, biologists discovered
anest every other year to every third year; they found five
nests in 1995 and fifty in 2005. In the same year, a cairn
terrier named Ridley was born. Shaver decided to teach
him to find the nests containing the newly laid eggs, and
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in 2012 they found a total of 209 nests. After Ridley has found the nests,
they are dug up and the eggs taken to the laboratory, where they are
hatched under controlled conditions. The small sea turtle babies are
later released into the Gulf of Mexico. Several hundreds of sea tur-
tles have survived thanks to Ridley’s outstanding nose work. If Ridley
hadn’t found all these nests, predators, cars on the beach, and other
human activities could have substantially reduced the number of sea
turtle eggs that would have hatched and the number of babies that
survived.?

Dogs Assist Ecologists, Conservation Biologists, and
Wildlife Managers

Dogs have been given increasingly more work tasks in research, such
as helping ecologists, conservation biologists, and wildlife managers
with different field tasks.? They work in different types of environ-
ments, such as the ocean, deserts, steppe zones, jungles, and forests.*
Dogs are used to find live animals for tagging in research projects,
in eradication programs using trapping and hunting that target un-
wanted harmful species, and to locate “native species” that are rare or
in danger of extinction.’ They are also used to find animals that have
been sedated, dead animals (cadavers), and different types of animal
traces, such as feces.® These dogs are not commonly owned as pets.
They are trained to search for something they normally have no innate
interest in and are most versatile if they have no particular interest
in prey. They can work on or off a leash, but are supervised by a dog
handler at all times. The instruction and training they have received,
the target they are searching for, their personality, and the terrain in
which they are working all play a part in determining how far away
from their handler the dogs will work.”

Acquiring information about a species population is extremely
important for the proper management of wildlife conservation. Ob-
taining data about rare and endangered species that are vulnerable to
disturbance by humans can be a challenge. In small populations, the
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traditional methods for capturing live animals are not very effective.
The methods are also very time-consuming.® However, dogs can be
extremely effective in discovering “cryptic species” and species with
small populations or traces of these, all of which are difficult for hu-
man beings to find. Dogs are involved to an increasing extent in con-
servation studies and biological monitoring programs.® The dogs are
four to twelve times better (depending upon vegetation density —the
denser the vegetation, the better the dogs are in comparison with hu-
mans) than human beings at finding “cryptic species.”® The dogs also
find odorants quickly and often from a great distance, which is a great
advantage when out in the field.

Searches for Birds and Mammals

The first documented use of dogs in conjunction with species conser-
vation work took place as far back as in the 189os in New Zealand. The
Irish conservation biologist Richard Henry was the first to do searches
using dogs for the last, still-surviving population of the rare bird the
kakapo. Subsequently, kiwis were also located using radio transmit-
ters, or they were found in their burrows by using dogs." These bird
species cannot fly, and it was important to find them so they could
be transported to islands that were not populated by predators.’? On
Stewart Island, dogs found 97 percent of the surviving kakapos during
the years 1980-89. The last living kakapo on the northern main island
was named after Richard Henry II. It was estimated that this kakapo
could have been at least eighty years old when it died. This bird was
moved to different islands without predators and where there were
other kakapos. They were thereby able to pass on their genes. The ka-
kapo would in all likelihood have been extinct today had it not been
for the work done by the search dogs.”* New Zealand had no native
mammal predators, but people have brought in different species of
small predators, such as weasels, and rodents, such as rats and mice.
Many bird species in New Zealand cannot fly, so the numbers of many
of these have been greatly depleted or populations wiped out by pred-
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ators and rodents.™ Terriers are most commonly used to hunt these
undesired species. Conservation Dogs New Zealand and Ecoworks
New Zealand now train dogs to find different protected bird species.
The kiwi is a rare bird group in danger of extinction, and dogs are used
to find the birds or their nests in burrows. The birds are captured for
tagging so they can be monitored, or they are moved to other, safer
areas that are free of predators. They are also used to find cats, mus-
telids, rabbits, and hedgehogs.” In a number of countries, research
scientists have used dogs to capture live ptarmigan for use in a variety
of research tasks.!

Many predators use their sense of smell to find the nests of ground-
nesting birds, but the odorants of many wading birds and ducks
change when they start brooding.”” Usually they emit volatile sub-
stances that can spread a great distance, but when they are brooding,
the substances become heavier (in other words, less volatile), which
means that they do not spread as far. This makes it much more difficult
for predators (and very likely, also dogs) to find the bird nests.’®

Norwegian Lundehunds Prevent Airplane Crashes

The Norwegian Lundehund Club was contacted in June 2013 by the
company Avinor, asking for help in finding seagull eggs at the Tromsg
Airport in Langnes. Adult birds can collide with airplanes, in what are
called bird strikes, which is the second greatest threat to air safety af-
ter terrorist attacks. Normally, the seagulls must be shot and the eggs
collected by crews from Avinor; in 2012, 212 seagulls were shot (Avi-
nor has a special license for this). In the summer of 2013, they tested
three Lundehunds to determine whether they could be used to find
seagull nests and eggs. The dog trainer Merete Evenseth led the dogs.
The Lundehunds knew exactly what to do when they were released,
which is perhaps not so surprising since the Lundehund had long been
used for puffin hunting.’” The Lundehund has very good control over
its bite. They have been bred to retrieve live birds from their nests, and
it was important to prevent damage to the puffin in connection with
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capture, so as to preserve the down. The dogs’ task while hunting was
to retrieve large young birds and adult birds from nests in difficult-
to-access locations and carry them back to their owner. As of 2014, all
forms of puffin hunting have been prohibited in Norway.

When Merete reached the search area, the dogs had their noses
to the ground and were sniffing their way to the nests containing the
eggs. They found the nests and eggs of the common gull, oystercatch-
ers, eider ducks, and terns. The Lundehund Emil primarily retrieved
large eggs, while Merete’s dogs, Froya and Gurine, became experts at
retrieving small tern eggs. It is very likely that these would not have
been found had the crew from Avinor looked for them, since they are
so small and blend in with the sand. The dogs carried the eggs one by
one to Merete. One of the dogs did this completely of its own volition,
while the other two who had not done this before at first wanted to
keep the eggs for themselves. Merete was therefore obliged to haggle
with them a bit. Not many eggs were broken, since the dogs were ex-
tremely careful. On one occasion when two people from Avinor col-
lected eggs, they found 12 eggs in two hours; the Lundehunds found 69
eggs in one hour. In the course of five afternoons, the Lundehunds col-
lected 548 eggs. This represented 548 birds that could have potentially
landed on the airstrip and caused accidents. From May 16 to June 12,
2014, they found 386 eggs, and three more young Lundehunds have
taken part in the searches. The eggs were delivered to the Tromsg Uni-
versity Museum and will be used in research.?

Searches for Snakes

The research scientist Lawrence Kaluber used a dog to find rattle-
snakes in the state of Florida way back in 1956.2' The dog found five
hundred rattlesnakes in two years. In 2010 dogs were trained by Dirk
J. Stevenson from the Indigo Snake Initiative in the city of Lumber,
Georgia, to find specimens of the northern pine snake and the indigo
snake in North America. The latter species is not venomous but is one
of the largest snakes found in the southern states of Georgia and Flor-
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ida. Ithaslostits habitat due to a decrease in the number of gopher tor-
toises; the snakes actually make their home in tortoise burrows. Dogs
can track down the burrows where the snakes are living and where
they cannot be seen by humans. Labrador retrievers were trained to
find living snakes and cast-off snake skins, so Stevenson could more
effectively determine where a snake was living. The dogs were also
trained to ignore other snake species, especially the venomous east-
ern diamondback rattlesnake. In one experiment, the equipages found
100 percent of the skins and 81 percent of the live snakes. They did ev-
erything right in 88 percent of the trials that took place aboveground
and in 75 percent of the underground trials. The research scientists
established whether the dogs were right or wrong by using cameras
to check the burrows.?? The dogs did not do as well when the tempera-
ture rose above 23°C. At such high temperatures, they panted more
and this affected their sense of smell and consequently their ability to
find snakes.?® In the United States and Australia, where many of the
world’s venomous snakes live, there are courses available in how to
train a dog to detect the odor of different venomous snakes. The dog
can thereby serve as a kind of early warning system and protect its
owner from dangerous snakes.?* In the summer of 2014, many dogs
were bit by adders in Norway, and a number of places ran out of the
antivenin. Dog owners in Norway should definitely train their dogs to
recognize the odor of adders.

The Burmese python has become a big problem in the Everglades
National Park in Florida. The species is not native to this region, and
the origin of the problem very likely stems from irresponsible python
owners who released such snakes into the wild in 1979. The population
in 2014 was tens of thousands of individual snakes. They eat birds,
dogs, and cats, and can also harm humans. The mammal population
has been greatly reduced since the snake arrived in the area.? Since
2010 research scientist Christina M. Romagosa and her colleagues at
Auburn University in Alabama have been using dogs to track down
these snakes in the Everglades. The dogs Jake and Ivy, both of whom
are Labrador retrievers, have so far helped these scientists capture
close to two hundred Burmese pythons.2®
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The brown tree snake was introduced to the American island of
Guam in the western part of the Pacific Ocean by accident. When war
matériel was transported there from New Guinea after the Second
World War, the snake was on board.?” The snake originally came from
the east coast of Australia, East Indonesia, New Guinea, and the Sol-
omon Islands. It is believed that the population on Guam arose from a
single female snake.? In the course of the 1970s, the native population
of birds was wiped out in almost all parts of the island. The snake re-
produced rapidly on Guam since it had no natural predators there. Out
of the twelve native woodland bird species, only three species survived
in the wild. The brown tree snake has also wiped out several species
of lizards and has had an impact on the bat population on the island.?
The snake also attacks chickens, battery hens, newborn piglets, kit-
tens, and puppies.*® So far the snake has not killed any humans, but
it has afflicted children with life-threatening bites.* The snake also
represents large financial costs since it climbs up power lines and into
transformers and causes short circuits.*> Fewer tourists also come to
Guam because of the snake.*® In the mid-1980s, there were approx-
imately 13,000 to 26,000 snakes per 1.6 km?, and it was important
to locate and contain the dispersal of this alien species as quickly as
possible.*

Since 1993 Jack Russell terriers have inspected high-risk cargo
from Guam to prevent further dispersal of these snakes.* This breed
of dogs was chosen because it is energetic and tough by nature. Since
this dog is so small, it can easily slip into cargo holds and other con-
stricted spaces to do its work. When the dogs arrive at the island,
they are trained for approximately four months. When they are fully
trained, they are used to inspect outgoing containers, airplanes, and
ships.

In a two-year study, biologist Richard M. Engeman from the Na-
tional Wildlife Research Center in Fort Collins, Colorado, documented
that in the first and second years, the dogs found 61 percent and 64 per-
cent of the brown tree snakes put out in containers, respectively.*
When the dogs checked airplanes that were going to take off from the
island, their job was to find the snakes and kill them. For ethical rea-
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sons, this practice has now been abandoned and the dogs no longer
kill the snakes.>” It is important to prevent the dispersal of the snakes
to other islands where they can wipe out even more birds and other
small animals. Up to now, Jack Russell terriers have proven to be the
dog best suited for finding snakes in the sites where containers are
loaded and before the snakes are able to enter the aircraft. Hawaii is
a vulnerable island since there is a lot of air traffic there from Guam.
In Hawaii, beagles are used to check cargo and airplanes that arrive
from Guam.

It is also important to find brown tree snakes living in the natural
environment. Biology professor Julie A. Savidge at Colorado State Uni-
versity led a study in 2011 in which they fed snakes mice containing
radio transmitters, so they could later find the snakes without leaving
behind the odor of humans on them. Someone later tracked down the
snakes and found where they were living, but the equipages were not
informed of the snakes’ location. The equipages were then given the
task of searching a 40om? woodland area and were supposed to find a
snake in an area smaller than sm?. In the course of 85 trials, the eqg-
uipages had an average success rate of 35 percent: they found 30 of
the 85 snakes. These experiments demonstrated that dogs can be rela-
tively effective when it comes to finding snakes in daylight,* and they
are much better than human beings, who only found 7 percent of the
snakes at night, even though it is easier to find them at that time of day
since they are nocturnal.®

Searches for Dead Animals

Research scientists are often interested in locating animal cadavers in
order to clarify the cause of the animal’s death. This can be a matter
of everything from complete animal cadavers to small body parts. The
animal may have died of disease, been killed by a predator, or flown
into a power line or wind turbine. Searches are often carried out over
large areas, which is extremely time-consuming. It is a challenge find-
ing the cadaver before it is removed by scavengers or predators, or
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before it rots. The best practice is to begin the search as soon as the
animal has died.*°

Searches for Dead Bear Cubs

PhD candidate Sam Steyaert and colleagues at the Scandinavian Brown
Bear Research Project used a dog to find bear cub cadavers. Many of the
bears in the Swedish forests have been tagged with GPS transmitters.
This makes it easier for research scientists to find places where bears
have been behaving abnormally or where a female with offspring and
amale have met or been in the same place for along period of time. The
dog was used to search for bear cub cadavers around these locations.
Adult male bears kill cubs that are not their own offspring, and then
mate with the mother of these cubs a few days later. In this way, they
pass on their own genes. Usually cubs stay with their mother for one
to two years. The female bears defend their offspring, and research
scientists often find clear evidence of fights, such as trees that have
been broken or scratched, and traces of blood and scraps of fur scat-
tered around on the ground. In some cases, the female bear manages
to escape with her young. In other cases, some or all of the offspring of
the litter are killed. The female bears can also be killed by males. In the
course of a three-year period, research scientists found thirteen bear
cub cadavers, and almost half of the eighteen female bears being moni-
tored by the scientists experienced their young being killed or attempts
to kill their young. Research scientists also found that female bears
with young will use other parts of a given area than those used by male
bears and single female bears during the critical mating season. These
are areas where the food is of a poorer quality, making it disadvanta-
geous.* In Canada, female bears with young also avoid trees marked
by male bears during mating season to communicate their dominance
to other male bears. When the mating season is over and throughout
the course of the autumn, female bears will avoid these trees less.*2 We
don’t know how the male bear knows that he is not the father of the
offspring, but it is very probable that he uses his sense of smell.
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Searches for Dead Grazers

The losses of sheep and lambs on rough grazing lands are considerable,
and it is extremely difficult to find these cadavers.*® It is important to
determine where and when the animals have been taken by predators.
In recent years, dogs have been used in connection with searches for
grazers lost to predators.**

Cadaver searches using dogs are far more effective than searching
for cadavers without dogs.* The Great Pyrenees mountain dog has a
number of characteristics that make it highly suitable for this purpose.
Other breeds can also be used, on the condition that the dog can be
safely released into areas with sheep populations.

Searches for Dead Birds

It is not always easy to find bird cadavers when searches are carried
out in dense vegetation. In a search done in 2001, wildlife biologist
H. Jeffrey Homan at the National Wildlife Research Center in North
Dakota and his colleagues found 45 percent of common sparrow ca-
davers, while the dogs, who had not received any special training
before the search, found 92 percent.* In 2001 dogs were also used in
Norway to search for dead birds and feathers along power lines.*’ In
2006 research scientist Ole Reitan at the Norwegian Institute for Na-
ture Research (NINA) trained and used the feather search dog Luna,
a giant schnauzer, to find feathers and other remains from birds that
had flown into wind turbines in Smgla. In particular, the remains
from eagles—both the white tailed-eagle and the golden eagle—were
found, along with remains from willow ptarmigan and wading birds.
Luna also found remains from species such as the common raven, the
great black-backed gull, the redwing, the hooded crow, the northern
wheatear, the greylag goose, the European golden plover, the common
snipe, and the common redpoll. Feather search dogs are also used for
searches on the Hitra Wind Farm in Norway. By using dogs to locate
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dead birds, we acquire a lot of information about large and small spe-
cies, and the distance away from the wind turbines that the remains
of dead birds are to be found.*®

Searches for Bats

Twister, a springer spaniel, finds bat cadavers in and around wind
farms.* It is very likely that many bats die due to the air pressure sur-
rounding the wind turbines, and the dogs help to establish the impact
of the wind farms on the bat population. The dogs are much more adept
(73 percent accuracy) than people (20 percent) at finding the dead bats.*

Searches for Fecal Matter

The use of dogs for the purpose of finding fecal matter from different
species in North America began in the 1970s. These finds gave scien-
tists a substantial amount of new and important information. Fecal
matter is the wildlife product that is easiest to find, and there is a lot
of it out in the wild. Beyond searches for scat from mammals, dogs
can also be used to find regurgitated droppings from birds.*! Dogs have
served an important purpose due to the many opportunities for feces
analysis that can be subsequently carried out in the laboratory. By
analyzing feces, it is possible to extract an incredible amount of inter-
esting information about the animals:*

« the species in question

o the identity and size of the population

« sex and, therefore, sex distribution in the population
« whether they reproduce

. age

« kinship between the animals in the population

« health condition and any diseases

« whether stress is a factor
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o what they eat
« physical condition
« the status of the immune system

 any exposure to toxins

If the location of the feces is also recorded, it is possible to acquire in-
formation about choice of habitat and the size of the territory inhab-
ited by the animals.

It is expensive identifying species using DNA analyses. The use of
dogs can be an option that is less costly than carrying out different
analyses in the laboratory.>* When the dogs find feces, they have al-
ready done much of the preliminary work required for various DNA
techniques. It can be the only means of determining whether a rare
or endangered species is found in an area. By collecting feces, we can
therefore acquire much of the same information as from blood tests or
hair samples from animals that must be captured, while the degree of
risk is much lower for both the animals and scientists.

Bait is usually used for live capture with cage traps, and this often
attracts certain animals in a population, such as dominant males. It can
also be difficult to find enough samples, and it will be time-consuming
in cases where, for example, the terrain is rugged and the vegetation
dense. With dogs, this task becomes much easier.” It is important to
be aware that feces could have been in a given habitat for days, weeks,
even months, and that this is not necessarily proof that the animals are
still to be found in the area.*

Searches for Whales

For some dogs, their place of work is the ocean. They are often put in
front at the bow of a small vessel, where they can sniff out feces from
North Atlantic right whales.”” It is important to find these feces quickly,
because they will sink in the course of half an hour. In 2012 conser-
vation physiologist Katherine L. Ayres and colleagues at the Center
for Conservation Biology at the University of Washington (UW) used
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the black Labrador Tucker to collect feces from orcas (also known as
killer whales), with the objective of subsequently establishing in the
laboratory the levels of stress and hunger hormones.*® Orcas are dif-
ficult to study because they are underwater almost 9o percent of the
time. Tucker makes the job much easier: he can detect feces from an
unbelievable distance of 1.8 kilometers. The feces have a fish odor that
is unique for endangered southern resident killer whales found in the
south in British Columbia, Canada, and the state of Washington. When
Tucker is situated at the front of the vessel, he sniffs out floating whale
scat. He does not jump into the water when he detects the feces, but
gives a clear indication of a find, so the research scientists can fish it
out using a large landing net. The feces are put on ice and taken to the
laboratory for hormone analyses. In the course of six months, Tucker
found 150 feces specimens. The research scientists were subsequently
able to establish a strong correlation between the salmon shortage and
the shrinking population of orcas. It was first believed that the de-
crease was due to the many whaling safari boats also to be found in
the area. The southern resident killer whale population decreased by
20 percent from 1995 to 2001. Toxins are stored in the body fat, and
when food supply is poor, the orca consumes the stored body fat. The
result of this is that toxins are released in the body. It is therefore im-
portant for the whale to have adequate access to salmon in the spring-
time to ensure their chance of survival.” Tucker has also been trained
to find droppings from wolverines, wolves, moose, and reindeer.

Searches for Predators on Land

Predators that live on land are sensitive to disturbances and the split-
ting up of their territories by human activity and are often difficult to
study. They move across large land areas, have a naturally low den-
sity, and, behaviorally speaking, are shy. In 2007 conservation biol-
ogist Robert A. Long at the University of Vermont and his colleagues
wanted to monitor different predatory animals in a given area. They
used dogs to search for feces from the black bear, fisher cat, and bobcat
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and could thereby collect DNA for analyses. The research scientists also
wanted to compare how wildlife detection dogs measured up against
two other methods that are often used in the study of predators, spe-
cifically camera trapping and hair traps. They found that when using
dogs, the probability of finding a black bear was 87 percent, 84 percent
for the fisher cat, and 27 percent for the bobcat in one study,® and, re-
spectively, 86 percent, 95 percent, and 40 percent in another study.®
Because of the dogs’ effectiveness, this monitoring method proved to
be better and less expensive than camera trapping and hair traps.®

The Siberian tiger is another species that is extremely difficult to
monitor. Genetic analyses have proven to be a bad solution due to the
tiger’s low genetic variation. The traditional method for monitoring
Siberian tiger populations in Russia is to look for trails in the snow.
In Russia in 2007, dogs were trained by biologists Linda L. Kerley and
Galina P. Salkina at the Lazovsky Nature Reserve to identify individ-
ual Siberian tigers from feces picked up while tracking in snow.** The
feces were taken to the laboratory, and in one trial the dogs had to
find the right specimen in a circular layout. First, the dogs sniffed at
the feces from the tiger, and then they had to find it again in a layout
of specimens that also included feces from six other tigers. The dogs
correctly identified the feces in 87 to 100 percent of the attempts, de-
pending on the type of test being done. The research scientists could
thereby also map out the movements of the different tigers and deter-
mine the size of the areas they inhabited. It is very important to know
where different individual animals move about in areas when human
beings constitute a threat for this critically endangered species. Such
mapping can therefore provide important information about how to
manage the population. This method can also be a good alternative to
genetic methods in feces studies for which DNA analyses are imprac-
tical or not very effective.®*

It can be difficult to distinguish visually between the feces of differ-
ent species because many animal species produce very similar feces.
What is believed to be feces from a bear turns out to be from a badger,
while wolf feces can be easily confused with dog feces and those from
a fox confused with a marten’s. There are dogs that have been trained
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to distinguish between the feces of different species of fox—such as
the kit fox, red fox, and gray fox—or between the grizzly bear and
black bear.® Even bear scientists cannot do this with certainty with-
out performing expensive laboratory analyses. The dogs managed to
find all the feces samples from the rare kit fox when red fox feces were
also present, but they were not as good at ignoring red fox feces in the
absence of kit fox feces.%® Genetic tests were also carried out, and these
disclosed that all 329 feces samples the dogs had found were from the
correct species of fox. The dogs also found four times more kit fox fe-
ces than an experienced person would have managed. In 2005 the dog
of wildlife biologist Deborah A. Smith at UW’s Center for Conserva-
tion Biology located 825 kit fox feces samples.” All of these were from
this species (confirmed through genetic experiments), even though
there were also feces from other species such as the coyote, skunk,
and American badger in this area. If the monitoring takes place in the
course of the reproduction period, it is important to remember that
the animals can change their marking pattern. When the pups of the
kit fox are born, the parents change the pattern in which they deposit
feces. This makes it easier to find male feces and more difficult to find
feces from females, and on the whole can lead to underestimating the
number of animals in a population.*®

Searching for Badger Feces

In Europe there has only been one scientific study in which dogs have
been used to find fecal matter from birds and mammals, and that was
in 2012, in Finland, where dogs were trained to find the feces of rac-
coon dogs and badgers.®® This stands in strong contrast to the situation
in North America, where a series of successful studies have been car-
ried out. Telemark University College is now collaborating with the
University of Oxford on a large-scale badger project in Wytham Woods
in Oxford, investigating how badgers communicate using odor signals.
One of TUC’s collaborating partners, Chris Newman, used dogs in the
context of the work on his doctorate to find badger latrines (defecation
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sites). The year he did not use his dog, Samson, he found 178 latrines;
the following year, he found 348 with Samson’s help.

Challenges

It isimportant that sniffer dogs are able to focus on finding feces solely
from the species of interest. The dogs will learn to search for feces from
other species if the dog handler shows an interest in feces that appear
similar to those of the species of interest. If the dog’s companion shows
an interest in feces from other, similar species, this can cause the dog
to sit down in expectation of a reward. The handler might then believe
that the feces are from one of the species being searched for, which will
increase the probability of the error being repeated. Training with few
feces samples or low-quality feces can also reduce accuracy. In 2004
research scientist Carly Vynne at UW’s Center for Conservation Biol-
ogy and her colleagues had only six to eight training samples available
from the species they were studying. These were stored together with
samples from other species, and for that reason there is a possibility
that the feces from the species to be searched for were contaminated by
these other samples. It is worth noting that dogs will more frequently
find feces from common species, and they are therefore rewarded
more frequently for these finds. Because this might make them less
interested in finding the scent of rare species, the dogs must be trained
regularly with feces from less common species.” If there are some spe-
cies for which researchers don’t want indications, the dogs should be
trained for this as well. Using a training platform, the researchers can,
for example, present the wanted and unwanted feces side by side and
only reward the dog when it finds the right feces.

Scandinavian Brown Bear Research Project

In 2007 the head of the Scandinavian Brown Bear Research Project,”
Professor Jon E. Swenson, and postdoctoral research fellow Andreas



160 CHAPTER ELEVEN

Zedrosser were interested in learning more about the odor-based com-
munication of brown bears. I was contacted and invited to take part
in the project. The history of the Scandinavian Brown Bear Research
Project extends far back in time—it was started in northern Sweden
in1984. An area of study in the south was added in 1985, and since 1987
ithasbeen a joint Scandinavian project. Fieldwork is done in Dalarna,
Gévleborg, and Norrbotten Counties in Sweden and in Hedmark
County in Norway. The primary objective has been to understand the
ecology of the Scandinavian brown bear, to develop a scientific knowl-
edge bank for management of the species in Sweden and in Norway,
and to provide information for the general public.

The research scientists knew little about bears’ communication with
odors in 2007. Ithad not been established, for example, whether ornot
the bear had anal sacs. Four years later, we discovered that it does,
and using chemical analyses, we also found that the anal secretions of
the two sexes are different.” In 2012 we discovered that young bears
living in a zoological park could distinguish between unfamiliar adult
male and female bears’ anal secretions.”” We do not know, however,
how this secretion is used in the bear’s natural habitat.” It would be
very exciting to train some dogs to find out when and where the brown
bear uses this secretion and whether it is deposited beside their feces.
The odorants of feces and anal secretions are different,” so it should
be easy for a dog to distinguish between these. And what kind of infor-
mation is found in the anal secretion, in addition to information about
the sex of the bear? What about the urine? Where do the bears deposit
markings? Are there individual differences in the bears’ urine and/or
anal secretion markings? Can we use dogs to find out whether a female
bear is pregnant? Can the dogs sniff out different illnesses in the feces
of bears? These are just a few of the future possibilities. PhD candi-
date Melanie Clapham at the University of Cumbria in England has
investigated the brown bear’s (grizzly bear’s) scent-marking activity
on trees in Canada using camera traps.”® Adult male bears sit down be-
side trees and possibly deposit anal secretion at the root of the tree. It
would be interesting to train dogs to determine whether they actually
do this.
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Tracking Down Plants

In the United States, dogs have been trained to search for non-native
plants, because such plants can displace native species and pose a
threat to biological diversity.” Such changes can have large financial
costs, soitisimportant to eliminate these alien plant species as soon as
possible. All plants produce a mixture of volatile organic compounds,
giving each species a characteristic odor, and it is possible to train dogs
to find a plant species or plant family. While it is difficult for human
beings to find small, young plants, for dogs this is a much easier task.”
When dogs have been trained to find a rare species of knapweed (Cen-
taurea), they are more accurate than people and are especially adept
at finding the small plants.” In the United States, there are dogs able
to sniff their way to an introduced species of Chinese clover and to a
rare lupine flower that is the host species for an endangered butter-
fly.2° By finding and potentially protecting this lupine, conservation
biologists hope that the butterfly will also be saved. Dogs are also used
to find an endangered species of the wood rose in New Zealand and
to find plants that are stolen from public spaces and roadsides in the
United States.® Searches for many different types of mushrooms are
done using dogs in many countries (see chapter 13, “Other Work Tasks
for Sniffer Dogs”), but there is also a great potential for many other
plant groups.

Advantages and Disadvantages of the Use of Dogs as
Field Assistants

One disadvantage of using dogs as field assistants is that they need alot
of training, which can be very expensive. The dogs are very agile, but
their handlers cannot always access demanding terrain in the same
way. Different individuals and breeds can be better suited to find one
species than others. Some individual dogs can be very proficient at
finding bears, but if they are given cat feces, they would rather roll in
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them. Dogs can also transmit illnesses into the wild,®? and it is there-
fore important that they are checked out by a veterinarian and fully
vaccinated, and that one is attentive to any changes in the dog’s health.
Dogs can also disturb wildlife.®> In 2007 Peter B. Banks, professor of
conservation biology, and research scientist Jessica V. Bryant at the
University of New South Wales discovered that the diversity of birdlife
and the number of birds decreased by 35 and 41 percent, respectively,
in a wooded area north of Sydney, Australia, when people walked
their dogs there.?

It is important to be aware that the use of dogs to locate animals
in the field can increase the risk of attracting predatory animals or
changing the behavior of the species being searched for. These poten-
tial, negative effects become even more problematic when it is a matter
of an endangered species. Led by research scientist Jill S. Heaton at the
University of Nevada, Reno, a 2008 study on the Mojave Desert tor-
toise, however, showed that dogs did not represent an increased risk
of the tortoise being eaten by predators. Neither did the dogs’ presence
change the tortoises’ movement patterns more than when human be-
ings did searches alone. No tortoises were taken by predators in the
course of the year following the search.® In some cases, the presence
of dogs, or their odor, can in fact frighten away predatory animals.
The dogs’ well-being is also important. If the dogs are at high risk of
injury or being killed by other animals such as bears, wolves, or ven-
omous snakes while on the job, it is best to find other search methods.
In parks and areas frequented by a lot of people, the use of dogs is not
ideal, because the dogs might be disturbed in their work.

Dogs Can Be Trained to Search for Many Different
Animal Taxa
Insects

In 2011 and 2012, articles were published in England about dogs that
had located up to thirty-three hives inhabited by four different species
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of bees (the large carder beoe, the great yellow bumblebee, the red-
tailed bumblebee, and the heath bumblebee).®” The dogs sniffed out
the materials of the different nests.

Mollusks

The rosy wolf snail was brought to Hawaii in the 1930s to keep a large
African snail under control, but instead ended up eliminating three-
fourths of the native snails of Hawaii.?® Dogs are now used to find this
snail in order to eradicate it.

The California Department of Fish and Game was the first to train a
dog to find zebra mussels in 2007. The species was not native to Cali-
fornia, and the dog Popeye is now helping to prevent its propagation.®

Fish

Dogs can sniff out fish that have been caught illegally and determine
whether water samples contain odorants from fish that do not belong
in a particular water system.

Amphibians

Dogs can sniff out rare frogs and salamanders.” In England, dogs find
natterjack toads and large salamanders. The dogs are trained to rec-
ognize the feces and tail of an endangered salamander species in order
to find both sexes of living salamanders.*>

Reptiles

The dog Apple finds live reptilian species. In New Zealand, Apple has
been used with great success to find rare reptilian species such as tua-
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taras, green tree geckos, and wood geckos.” Dogs can detect tortoises
from more than 6o meters away.”

Birds

In addition to live and dead birds, dogs also find eggs and feathers.*

Mammals

In the 1960s, Norwegian elkhounds were used in the United States to find
sedated moose and deer that had escaped from research scientists before
the tranquilizer had begun to take effect. When the research scientists
had dogs with them, they could reduce the dose of the tranquilizer and
thereby also the mortality rate. The research scientists estimated that
nineteen out of forty-eight animals would have died without the help of
the dogs.* Today’s methods of sedation, however, are much improved.”’

Dogs have been used to find the feces of a number of species in many
different habitats,’® such as mink and otter,* wolf, coyote, wolverine,
bobcat,°° puma, black and brown bear,'! tiger, 2 leopard, snow leop-
ard, skunk, raccoon, badger,'® fox,'°* bats,'® and marten.!%

Dogs can find scent markings out in the field.!*” Deer fawns lying on
the ground, out of the dog’s sight, are nonetheless detected by the dog.
This indicates that the fawns give off an odor.!°8

Dogs can find places inhabited by a range of different mammals,
such as the sleeping sites of bats,'® black-footed ferrets living in the
burrows of prairie dogs,"'® and mammoth remains located under the
permafrost in Siberia.!!

Dogs can find the haul-out sites and breathing holes of the ring seal
from a distance of 1.5 kilometers even with wind velocities of up to 46
km/hour (12.8 m/second) and in snow depths of up to two meters.!
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Pest Detector and
Building Inspector

Wherever there are human beings, there are rats. In
many urban areas, rats represent a huge problem, such
as in New York City. They live in the sewer system and
in sites filled with garbage and other debris. For this rea-
son, the members of the Ryders Alley Trencher-fed Soci-
ety (R.A.T.S.) trained their dogs to sniff out rats and kill
them.! The dogs work in teams. One dog will sniff out the
rat and start barking, and another will catch it when it
tries to run away. As far back as 1851, terriers were used
to catch rats in London. There is even a special American
breed of dogs called the rat terrier. In the United States,
there is also a sport called Barn Hunt, where dogs have
two minutes to sniff through a hay bale labyrinth and sub-
sequently indicate where they smell arat. The rats are not
hurt because they are lying safely inside a pipe. The dog
sport even has its own Facebook group that calls itself the
Barn Hunt Association.

165
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Pest Detector

Dogs are able to find insect pests much more easily than human beings.
Unlike us, they are able to detect the scent of these small creatures.
They are much quicker than we are and have an easier time accessing
narrow spaces, which can save us a lot of work. The dogs do an im-
portant job and can prevent insect pests from causing large problems.
Some insect pests suck our blood, while others damage vineyards,
fruit trees, or other valuable trees. Some cause internal or external
injury to other animals. Using dogs to find insect pests can also have
financial benefits because once the insects are eliminated, there is nat-
urally less risk of their returning.

Bedbugs

The hotel is beyond reproach, it is a five-star establishment, but why are
there so many itchy red spots all over my body? More and more people
find themselves asking this question, and it is very likely due to a case
of bedbug bites. Bedbugs are attracted by our body warmth, by the
carbon dioxide we exhale, and by some odorants, such as aldehydes
and ketones, which are emitted from our skin.? In recent years, bed-
bugs have become a nuisance at many hotels worldwide, and even the
cleanest hotel room can be afflicted by this insect pest. In New York
City, the number of reported cases of bedbugs increased from 537 in
2004 to almost 13,000 in 2010. The increase is due to the upsurge in
travel to places in the world where bedbugs are more common.?
Bedbugs are also found in camping cabins, student dormitories, and
cinemas, and in our homes, they will hide first and foremost in beds or
couches but also other places.* Regardless of where they hide, we can
wake up with insect bites in the morning. Much of the increase is due
to the ban on the use of the pesticide DDT (dichlorodiphenyltrichlo-
roethane) on insect pests, which went into effect in 1970. We travel
more, which also increases the risk of bedbugs accompanying us on
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our journey as stowaways. They can “hitch a ride” on our clothing,
bedding, or in our luggage. In a number of countries, insecticides are
used to kill bedbugs, and hotel rooms are routinely sprayed with it.
In 2011 eight people died at a hotel in Thailand where rooms had been
sprayed with the potentially lethal toxin pyrophus, the indoor use of
which has been prohibited in many countries.’

Books can also spread bedbugs. The insects can “hitch a ride” on
books that are brought in and out of libraries. Bedbugs have become a
growing problem in a number of libraries in the United States. If you
have borrowed a book from the library, you should look closely for tiny
insects and droppings, which look like black blotches or ink marks.®

Dogs have been trained to find these insect pests in England, the
United States, Australia, Thailand, and Norway, because it is difficult
for humans to detect them with the naked eye.” It is important to dis-
cover these pests early and before the population becomes too large.
Bedbugs are only 4-5 millimeters long and 3 millimeters wide. A fe-
male bedbug will lay 1-5 eggs a day and can produce 200-500 eggs in
the course of her lifetime.® The eggs hatch after around ten days. Bed-
bugs have scent glands, which give them a very characteristic odor
that a dog can easily detect. In 2008 research scientist Margie Pfiester
at the University of Florida and her colleagues trained dogs to detect
bedbugs. The dogs found 98 percent of the live bedbugs in the hotel
rooms. The dogs were able to find them even if there was only a single
insect in the room. The dogs were also able to distinguish bedbugs from
other species such as cockroaches, termites, and ants. They could also
differentiate between bedbugs and eggs and other bedbug remains,
such a shell remnants, droppings, and dead bedbugs. Hotel directors
should—before they receive any complaints from guests—have dogs
inspect hotel rooms on a regular basis.’ Dogs will also react to filter pa-
per containing only the alarm pheromones of bedbugs.'® If the bedbugs
are located far above the heads of the dogs and the airstream draws the
scent upward, the dogs can miss the insects. It is this kind of error that
has introduced some doubts about the effectiveness of using dogs for
this task. But experience has shown that in many situations dogs will
find insect pests that would have been very difficult for us to detect.
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Spruce Bark Beetle

The spruce bark beetle is a large problem for forest workers in many
places. The organization SnifferDogs in Sweden has trained dogs to
recognize the odorants produced by spruce bark beetles. The beetles
attack live spruce trees and also spread fungal spores." In the winter
of 2008, dog trainer Annette Johansson from the Swedish University
of Agricultural Sciences started training the dog Meja on synthetic
odorants from spruce bark beetles. In the summer of 2009, she tested
Meja in the field, and Meja succeeded in finding infected spruce trees.
Johansson has also trained the dog Aska, and both dogs detect four
different types of pheromones from this beetle, which means that
damage can be discovered at an early stage. The dogs can sniff their
way to the infested spruce trees starting from distances of more than
100 meters away. "

Other Insect Pests

The research scientists William E. Wallner and Thomas L. Ellis at
Michigan State University started using German shepherds back in
1976 for the detection of gypsy moths,”® another insect pest. Out in the
field, they found eggs on stones, trees, and bark, and the dogs were
able to detect the eggs from two meters away. The screw-worm fly is
another bothersome parasite. When it matures, the females fly around
searching for animals or humans with open cuts or sores on their bod-
ies, laying hundreds of eggs along the edges of such sores. After a few
hours, the eggs hatch and the larvae appear. The larvae burrow into
the skin, where they have a feast. It is extremely unpleasant to have
such larvae in a cut or sore. Both animals and human beings can die
from this type of larvae attack. The screw-worm fly can also be the
cause of large financial costs. The insect has been wiped out in North
America all the way to the northern border of Guatemala and Belize.
It is important to find these insect pests to prevent them from return-
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ing to regions where they have been eradicated. Inspections of pets,
for example, at airports in countries that are free of this insect pest
are therefore very important. Sniffer dogs can also be used to inspect
humans, vehicles, and animals at quarantine stations. During one trial
carried out in 1990, the dog of research scientist John B. Welch from
Screwworm Research in San José, Costa Rica, found 95 percent of the
animals that were infected by screwworms.™*

Triatominae, also called kissing bugs, are bloodsucking insects
that spread parasites through the blood, which are in turn the cause
of Chagas’ disease.” In Latin America and the United States, 16-18
million people suffer from Chagas’ disease. It has been speculated
that the British natural scientist Charles Darwin may have died from
Chagas’ disease, since he was bit by this bug, but more recent find-
ings indicate that he suffered from lactose intolerance.! Kissing bugs
are nocturnal and often reside in cracks in house walls. They can
be dangerous since they often sting near the eyes."” The dog of re-
search scientist Miriam Rolon from Centro para el Desarrollo de la
Investigacién Cientifica in Asuncién, Paraguay, found kissing bugs
predominantly in fallen trees. In addition to detecting the adult in-
dividual bugs and their nymphs, the dog also found three other bug
species. The dog had never been in contact with these other bugs be-
fore, which means that both the nymphs and the three other species
produced the same odorants as the adult individuals the doghad been
trained to recognize. However, the dog did not recognize the drop-
pings of these bugs.'® In North America, dogs can also detect the Asian
long-horned beetle, which causes damage to a variety of hardwood
trees and bushes.”

The red palm weevil’s larvae can cause extensive damage to palm
trees in tropical regions in Asia. This weevil spread to Spain in 1994
and was discovered in France in 2006. Six months can pass from the
time of the attack until the larvae kill the trees. The larvae live on
the soft plant tissue inside the trunk, excavating tunnels inside the
palm tree. In the event of a powerful infestation, the trees are weak-
ened and eventually die. Usually the damage is discovered too late.
It is extremely important to discover the damages at an early stage
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so the correct measures can be implemented to curb the damage to
palm tree plantations. Two golden retrievers were trained in 2000 by
the research scientist Joseph Nakash and his colleagues from the Peres
Center for Peace and Innovation in Israel to recognize the scent of a
brownish-yellow secretion that is emitted by the palm tree when it has
been attacked by these larvae. To test the dogs, the research scientists
collected this secretion and put it out on other trees on the plantation.
The dogs quickly found the trees with an accuracy rate of 100 percent.
They also identified infected trees that had not yet been discovered.?°

Mealybugs living in vineyards along the coast of California have
also been the cause of crop destruction. This is an alien species that
arrived in California in 1994.2' The mealybugs spread from country
to country through imported plant materials.? It is very difficult for
wine growers to visually detect these tiny insect pests, which hide un-
der the bark and in the roots of the vines. They attack the grapes in
the vineyards and leave behind honeydew (a sugary excretion), which
creates the perfect environment for sooty mold and other diseases.?®
This causes the grape leaves to become black and sticky, and the clus-
ters of grapes turn into a gooey and disgusting lump, thereby rendered
useless for making wine.

Honeydew attracts other insects such as ants, and mealybugs
can also be carriers of grapevine viruses. Since 2005 Bonnie Bergin,
who heads the Assistance Dog Institute in Santa Rosa, California, has
trained golden retrievers to detect the odorants that the female mealy-
bugs use to attract the males in April and May. The female cannot fly,
and the odorants are therefore an effective way of attracting a mate.
The training begins while the dogs are still puppies. The mothers re-
ceive a synthetic version of the odorant that is spread on their paws
before nursing the puppies, so from an early age the puppies become
accustomed to the scent of mealybugs. If these insect pests are detected
between January and March when they are under the bark, wine
growers can treat individual infected trees. They can remove a grape
or two and need not treat the entire plantation. The vineyard owners
are thereby spared having to use large quantities of insecticide, which
is not only expensive but also a threat to the environment.?*
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Termites are a group of insect pests found in North America that
are not easy to detect in buildings. There are no termites in Norway,
but there are carpenter ants that have similar behavior. These insect
pests eat wood materials and can therefore cause large-scale damage
that is expensive to repair. Both species often cause extensive damage
before they are detected, and it is estimated that termites do damage
to buildings equivalent to US$s billion annually in the United States
alone. The pest control management industry started using dogs to
find termites back in the mid-1970s.? The initial results were not
particularly satisfactory, which was probably due to poor training
methods and contaminated training materials.?® In a study done in
2004 led by the entomologist Shawn E. Brooks at the University of
Florida, the dogs found 96 percent of the worker termites. The dogs
made mistakes in only 3 percent of the trials when termites were
not present. Dogs trained to locate one termite species were also 89-
100 percent accurate in finding four other termite species. The dogs
were also able to differentiate the termites from other insects such as
cockroaches and ants, and to detect building materials damaged by
termites.>”

In South Korea, dogs have been trained to detect termites in temples
constructed of wood. In the United States and Japan, dogs have been
trained to discover termites in trees, wood products, and telegraph
poles. In Abu Dhabi in the United Arab Emirates, dogs find termites
and other larvae in date palms and telegraph poles. The damages can
thereby be repaired before they become too extensive.?

The red imported fire ant was originally found in South Africa but
spread to Taiwan early in the twenty-first century. This ant is a well-
known insect pest in Taiwan, where it destroys agricultural products,
threatens the well-being of both domestic animals and humans, and
also represents a threat to local species. After a long period of train-
ing, both indoors and outdoors, beagles are now very successful in
detecting this insect (> 98 percent). The ants are found in the soil, on
farms, in greenhouses, and in seaports. The dogs are also able to dis-
tinguish this species from other ant species and can find their nests in
the wild.?
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Mold and Bacteria Detector

Different mold species and bacteria can cause rot in woodwork and
other construction materials. Spores, dust, and rot decay can cause al-
lergies and other problems for people living in mold-infested houses.*
People who live in infected houses can also suffer from fatigue, head-
aches, skin ailments, respiratory problems, and joint pain.* The use
of dogs to detect damages caused by microorganisms began in the
1980s, first in Sweden, then later in Denmark, Finland, and the United
States.?? The first fungi detection dog in Norway was a Swedish Ger-
man shepherd who was borrowed to search for rot in telephone poles
in1991.%

In Sweden dogs were used in the 1980s to locate rot decay in tele-
phone and utility poles and fungal infestation in buildings.>* The dogs
learned to recognize ten different fungal species.* Mold often grows
in places where it is difficult to detect. This can be behind walls, in the
floor, or behind different utility fixtures. The dogs are very effective at
investigating large buildings such as schools or office buildings. They
will quickly gain an overview of where the organisms are found, and
a building with two hundred rooms can be searched in the course of
eight hours. Dogs are therefore used with increasing frequency to find
mold fungi.’® In Sweden they have also been trained to give indica-
tions for old poured screed from an extremely damp environment. The
poured screed contained fish protein.”

Utility Pole Inspector

Field specialist and dog trainer Cato Sletten has checked many utility
poles with his dogs. Five dogs were used for this job, primarily Mali-
nois, flat-coated retrievers, and Labrador retrievers. This is an effec-
tive method for checking whether the poles are sound or have been
infected by wood-decaying fungi. High season runs from the spring
(April), when there is no ground frost, until the ground freezes again



PEST DETECTOR AND BUILDING INSPECTOR 173

in the fall (November). Formerly, the utility pole installers inspected
the poles by knocking on them and listening for “infirmities.” Healthy
and solid poles are critical for safeguarding electric power supply.>®
The dogs spend only five to ten seconds determining whether or not a
pole has been infected by rot.* Sletten’s dog Cleopatra, or Cleo as she is
called, digs frantically beside a pole when she finds rot. The rot is usu-
ally at ground level (from 45 cm underground to 15 cm aboveground),
where moisture, fungi, bacteria, and contaminants can enter the pole
through natural cracks in the wood or through pathways created by
insects.*°

Sometimes the dogs will find rot as high up as one meter above the
ground. If the rot is higher up, the dogs will try to climb up the poles.
If the pole is in water or on a stone surface, it will be more resistant
to rot infestation. An equipage can inspect from 100-150 poles in one
day, depending on the terrain and accessibility. Approximately 4-6
percent of the poles that are inspected are so rotten that they have
to be replaced, which costs around US$3,400 per pole.*! By replacing
the poles in time, before they are blown over, a lot of money can be
saved. Many customers will also thereby be spared the experience of
losing their power supply due to a destroyed pole. A single equipage
will check around 10,000 poles annually.*?

Bacterial and Rot Damage Detector

Brown root rot found in fruit trees and ornamental trees is a prob-
lem in populated areas of southern Taiwan. The leaves on coniferous
trees turn brown and suddenly die. The fungus Phellinus noxius causes
this brown root rot disease.*® Phellinus noxius is a typical wood-decay
fungus and infects trees that have rot-infested wounds, broken tree
branches, or other similar types of damage. Rot is first and foremost a
sign that a tree is old. The older a tree is, the more susceptible it will be
to rot infections. The fungus’s fruit body (reproductive organ) is usu-
ally found a bit farther up the trunk.** Sniffer dogs specially trained at
the National Pingtung University of Science and Technology and dog
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trainer Wei-Lien Chi detect this disease before the trees fall over and
injure people.®

Citrus fruits such as the orange, lemon, clementine, tangerine, and
grapefruit are susceptible to contraction of a bacterial disease called
citrus greening disease (HLB). This disease is transmitted by psyllids
(sometimes called jumping plant lice).*¢ The psyllid is the cause of
large-scale crop damage in US southern states. The psyllid was intro-
duced in Florida in 2005 and California in 2008. The nymphs of these
psyllids transmit a pathogen that prevents the normal development
of leaves, and infected fruit remains small and discolored. The juice
of the fruit contains many acids and becomes abnormally bitter. The
fruit retains its green color when it is ripe, but due to its stunted size
and poor quality, the infected fruit has no value. There is no treatment
for the disease. The only recourse is to remove the diseased tree at an
early point in time to prevent spreading of the pathogen.* In the au-
tumn of 2010, this bacterial disease was found on imported poinsettias
in Norway.*® In 2010 research scientist Tim Gottwald at the USDA’s
Horticultural Research Laboratory in Fort Pierce, Florida, began us-
ing dogs to identify infected trees. So far the dogs have found 97-99
percent of the infected trees where they have done searches, and they
also detected the fruits infected with the disease.*

In Alabama the dogs of research scientist Lori Eckhardt at Auburn
University also detected small beetles that are carriers of fungi that
attack and destroy the roots of pine trees. The dogs Opie and Charm
have been trained to detect these fungi, specifically Leptographium,
Grosmannia, and Heterobasidion. The research scientists did not want
to dig up the tree roots because this liberates substances that can at-
tract more beetles to the area. The dogs, on the other hand, do not
disturb the beetles or spread the fungi.*

In 2013 dog trainer Sharon C. de Wet from Australia trained the
Labrador retriever Baz to detect a bacterial disease in beehives. This
particular disease affects the larvae of the honey bee so they die in
their cells. The dogs search for the scent of the dead larvae. The bac-
terial disease is responsible for huge financial losses and constitutes a
growing problem in several places in the world. Baz inspected fifty-
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one beehives. He identified all the beehives that were infected by this
bacteria and 76 percent of the beehives that did not have the bacterial
disease.”!

Roundworm Detector

Dogs can help other animals carrying internal parasites. In 2008 the
Australian research scientist Kate M. Richards at La Trobe University
in Melbourne, Australia, led a project designed to determine whether
dogs could be trained to detect roundworms in the intestinal tract of
sheep.’? This involved three different roundworm species, and there
was an interest in determining at which stage the dogs first detected
the infection. The dogs were tested with nine paper bags containing
sheep feces that were not infected and one bag containing infected fe-
ces. These were placed randomly in a circle, and the dogs were then
allowed to sniff at the bags. The infected bag contained the feces from
a sheep with one of the three roundworms or a mixture of all three.
In the course of eighty trials, the dogs had an average success rate of
76-80 percent, depending on the species of roundworm. In the tests
using all three roundworm species, they had a success rate of 92 per-
cent. When the infected feces were seven days old, the dogs’ success
rate was 85 percent. This study demonstrated that dogs can be trained
to detect roundworm infections in the feces of sheep. If we determine
the chemical composition of these scents, we can produce sensitive
electronic noses that can effectively detect parasite infections in all
the sheep in a flock.”

Scabies Mite Detector

Research scientist Samer Alasaad at the University of Ziirich in Swit-
zerland and colleagues trained dogs in 2012 to find chamois located in
inaccessible areas of the Italian Alps that had contracted a skin dis-
ease caused by a parasitic arthropod (the scabies mite). After a few
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months, the animals will die, often due to a combination of starva-
tion, infection, and dehydration. The odor of animals with scabies is
unique. The dogs found 292 dead animals with the skin disease and 63
infected animals. The sick animals were identified, separated from the
flock, and captured by the research scientists. Both dead and infected
live animals are potential sources of infection for other chamois and
other species in the area, including human beings.** Scabies mites can
cause intense itching in humans but are not dangerous. Many other
mammals are also hosts for the scabies mite. Dogs, cattle, pigs, goats,
and red foxes often contract the skin disease, and it is the cause of both
suffering in the animals and significant financial costs.” Dogs can also
be used to find red foxes with scabies in Norway. In a long-term study
of the red fox in Norway done in 2008, PhD student Rebecca K. David-
son at the Norwegian Veterinary Institute in Oslo and her colleagues
found that the red fox adapted to living with this parasite and some
even recovered and their health was restored. The physical condition
of animals carrying the parasite, however, was much worse than that
of uninfected animals.*

Future Opportunities

Itis possible that dogs can also be used to find and monitor populations
of many insect pests beyond those mentioned here, such as the nests
of Africanized honeybees (also known as killer bees), which kill many
people every year in South America.”” And what about lice and fleas?
Can dogs become the school nurse’s new assistant at schools? The pop-
ulation of ticks has experienced powerful growth recently. Perhaps
you should teach your dog to recognize the scent of ticks,*® so they can
inspect you when you come home from a hike?

Many alien species of insect pests continue to threaten the native in-
sects.”® The buff-tailed bumblebee is an example of such a threat.®® The
same can be said for the harlequin ladybird and Argentine ant, both of
which are sibling species of the tramp ant Hypoponera punctatissima,
also known as Roger’s ant.® Introduced predators may also be more
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harmful to prey populations than native predators, and they impose
intensive suppression on populations of native species. The Ameri-
can mink has been released into the wild in twenty-eight countries
in Europe. In many places the mink is a large problem, where it is an
alien species that has escaped from mink farms and is blacklisted.®?
The American mink is a versatile predator. It can pose a large threat to
ground-foraging birds, rodents, and other species.®’ It eats the young
and eggs of birds, and kills and hoards adult birds.®

Gas Leak Detector

Mining operations are dangerous because of the risk of gas leaks, and
many people have perished in mines. In the past, mine rescue crews
would carry canary birds in a small cage down into the mine after a fire
or explosion. When the birds stopped singing, this meant it was time to
get out of the mine, since it was a signal that the poisonous gas carbon
monoxide was found in the air. This is a colorless and odorless gas. The
canary birds functioned as an early warning system. They are in fact
fifteen times more sensitive to these gases than human beings® and
would die before the gas affected the miners. Dogs also have a very low
threshold for reacting to gas (such as propane and butane), which in
many cases can save lives. In many cities such as Stockholm, the use
of gas for cooking and heating is prevalent. The dog Aron was trained
in the early 2000s to detect different gases in an urban environment.
He was able tolocate the source of a gasleak when the smell of gas was
reported in large residential areas.*

The quality of gas pipes is improving all the time, but leaks still
occur. Finding the tiny holes has been difficult, and for that reason in
1901 the research scientist L. R. Quaife and his colleagues at Esso Re-
sources Canada Ltd. in Calgary developed a system that located such
leaks.®” This system consists of two components, a fluid that discov-
ers the leak (TEKSCENT) and a trained dog. A key component in the
fluid is another substance that is emitted in the event of a leak and that
rises directly up to the surface of the earth, where the dog can detect
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it in concentrations as low as one part per quintillion (1in 10'%). Natu-
ral gas in itself has no odor, but usually small amounts of ethanethiol
are added to it to give the gas a scent. Dogs that sniff at gas pipes can
therefore search for this substance and find the location of the leak.®®
The dogs were used on sixty leak searches. They worked under tough
winter weather conditions and also searched for leaks from under-
water gas pipelines, with a success rate of 100 percent. The research
scientists also carried out chemical tests, which only detected two out
of nine leaks.®

In urban environments, it is particularly important to check
whether gas pipelines are intact. In cities, leaks can have large-scale
consequences. During the first trials in the beginning of the 2000s, the
Swedish research scientists Bjgrn Rosén and Lennart Wetterholm at
the Hundcampus dog training center in Sweden investigated whether
dogs managed to distinguish between leaks in gas pipes where the gas
was still flowing out and leaks where gas had flowed out previously.
The dogs were unsuccessful.”® The next year the dogs were trained to
give indications for tetrahydrothiophene (THT), a compound that lin-
gers long after a leak has arisen, as opposed to for natural gas itself.”
THT contains the additive butyric acid, which dogs can detect easily."
This poisonous and flammable compound is an additive in natural gas.
The research scientists carried out some new trials, and this time the
dogs’ indications were correct. With a gentle wind, the dogs detected a
leak of 20 parts per million from a distance of at least 20 meters, while
in a strong wind they detected the leak from at least 45 meters away.”

Luna, a six-year-old Siberian husky, discovered a gas leak in the
backyard of the house of her owner, Jenny Conarroe, and her family
in Mill Woods, Canada. Luna was let out into the yard one evening in
June 2011 and came back covered with mud. The owners didn’t no-
tice anything that evening, but the next day they found a place in the
backyard where Luna had been digging. There was a big hole there
and a puddle that was bubbling, which turned out to be a gas leak. A
pipe was leaking and Luna had discovered it thanks to her keen sense
of smell. Luna saved the family of eight from an extremely dangerous
situation.”
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Gas Pipe Inspector

Pipe corrosion damage is a problem in the gas industry. The Karstg gas
works in Nord-Rogaland, Norway, supplies the transport and treat-
ment of gas and natural gas condensate from important areas on the
Norwegian continental shelf. The gas works has kilometer-long pipe
coils, where corrosion damage can occur and lead to problems. Mois-
ture can form under the insulation that causes rust and, in the worst
case, holes in the pipes. Every year since 2007, Karstg has spent more
than US$33 million to prevent corrosion damage. In collaboration with
Gassco (a state operating company responsible for onshore gas works),
Rune Fjellanger from the dog training school Fjellanger Hundeskole
in Os south of Bergen has used five dogs—hunting springer spaniels
and Belgian sheepdogs (Malinois) —to locate corrosion damages since
2010. The dogs have been trained to recognize the scent of corrosion.
Up to now, Gassco has spent approximately US$1 million on the project.
The samples are gathered with an ejector, which uses compressed air
to create a vacuum. The vacuum sucks air samples into a filter, which
is then taken to the laboratory. On a scent carousel, the dogs have the
chance to sniff the filter samples taken from sites around the pipes
with or without rust. Scent samples are also collected from Kollsnes,
Sture, and Mongstad in Norway and Emden in Germany. If the sample
contains corrosion, the dogs will give an indication with their paws or
by sitting down next to the sample. This particular corrosion damage
on the pipe can thereby be repaired. So far the dogs have sniffed 3,300
samples and given correct indications in 92-93 percent of the trials.”
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Other Work Tasks for
Sniffer Dogs

Scott and Karen Reynolds from Vermontville, Michigan,
started Environmental Canine Services in 2009. They
use the dogs Sable, a mixed shepherd breed, and Logan,
a mixed long-haired collie, to find the source of pollution
in water ponds, surface and irrigation water, and recre-
ational areas. It is important to find out who or what is
doing the polluting and remove the source. They have
trained Sable and Logan to find human feces, which can
contain bacteria (total coliforms, E. coli, and Enterococcus)
and cause illness. In recreation areas, the dogs also check
whether sewage is leaking from septic tanks in campers.!

The Food and Wine Inspector
Truffles and Other Fungi
Dogs can be trained to find several different types of ed-

ible mushrooms.2 Mushroom detection courses for dogs
have been held for many years. In the course of two days,
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dogs can be trained to track down chanterelles, which have a quite
complicated scent composition.? There is little difference in the abili-
ties of different breeds of dogs when it comes to learning how to track
down mushrooms. All dogs from tiny Chihuahuas to huge wolfhounds
can be trained to find whatever edible mushroom you might desire*—
everything from the penny bun mushroom, the gypsy mushroom, and
the hedgehog mushroom to the horn of plenty, funnel chanterelle, and
the summer truffle.

Most of us associate the truffle with Italy, and the annual sales
volume of the truffle industry is approximately US$590 million.> The
Lagotto Romagnolo is an Italian water dog breed that is a specialist in
searching for truffles.® The dogs search close to the ground and have no
hunting instinct to speak of, so they are not particularly interested in
following the trails of wild animals. Other dog breeds such as the Great
Pyrenees, golden retriever, Labrador retriever, German shepherd,
Australian shepherd, and Welsh springer spaniel can be trained for
truffle hunting. Nonetheless, ideally you should have a Lagotto or an-
other kind of retrieving water dog breed.” The Lagotto has been used
to find truffles for almost 130 years.® The truffle industry is also found
in France, Croatia, Spain, Portugal, China, Australia, and the United
States.® In 2007 a truffle weighing 1.5 kilos was sold for US$330,000 to
a Chinese casino owner. Since truffles are so valuable, truffle hunters
in southern Europe have been known to put out poisoned food to kill
competing dogs.!® This occurs especially during poor truffle years.

Truffles are fungi that grow underground, at depths of 10 to 20 cen-
timeters in calcareous soil. All truffles live in symbiosis with the roots
of host trees.'? Many species grow together with the roots of hardwood
trees such as hazel and oak, but also birch and linden.” The fungus
supplies the tree with minerals and additional water, and the tree pro-
vides the fungus with sugary photosynthesis products abundant in
energy. The black summer truffle has a nondescript taste that is also
overshadowed by a powerful aroma. The scent of truffles has evolved
to ensure that they are eaten and spread. The truffle’s development
takes place underground where they close their spores into a knob/
ball.** Their powerful odor attracts insects and other animals. It is the
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compound dimethyl sulfide that gives away the truffle’s location.”
Many mammals dig up these truffles and eat them. Traditionally pigs
have been used to find truffles, but the problem with this is that the
pig prefers to eat the truffles. Truffle dogs are also interested in eating
the truffles they find, but it is easier to train them not to do this than
to train a pig. Dogs are also easier to transport than pigs.!® Dogs have
now taken over more and more of the work tasks of the truffle pigs.
However, dogs do expect a reward when they find a truffle.” In Swe-
den the first black truffle was found on August 16, 1977. Twenty years
would pass before the next one was found. The lucky truffle finder
was Christina Wedén in Gotland. Food lovers are willing to pay be-
tween US$1,000 and $1,700 per kilo for the black truffle. The white
truffle (trifola d’Alba Madonna— “Truffle of the White Mother” —from
the Piedmont region of Italy) can cost US$5,000 or more per kilo.’® In
Gotland the truffle season lasts from September to December.?

Dogs can learn to recognize different scents even while still in the
womb and immediately after birth.?° If you want to use your dog to
find truffles (or something else), it is a good idea to start training early.
You can give the puppy’s mother truffles so the puppy learns this scent
at an early age. If the mother is fed trufiles, the taste goes directly into
her breast milk and then on to her puppies. And if you continue with
the feeding after the puppy has been born, you have gotten off to a
good start in training your dog to develop a particular fascination with
the scent of truffles. Some dog owners also spread truffle essence on
the mother dog’s teats so the puppy will associate the scent of truffles
with something positive.? It is important not to feed dogs just any kind
of mushroom. Every year there are reports of dogs that are victims
of mushroom poisoning. The dog can be fed truffles since they are
intended to be eaten and spread by animals. However, other edible
mushrooms are not and should not be fed to a dog. Most edible mush-
rooms are spread by the wind.??

Truffle-hunting trials have been held in France since 1969. Here
dogs have to find six truffles in a 25 m? space as quickly as possible
and give indications for their finds with their paw. If the dogs eat the
truffles, they are disqualified.?®
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Vegetables and Fruit

Raw or poorly washed vegetables and fruit can contain droppings from
rodents or birds, which in turn can cause illness. American research
scientist Melissa L. Partyka at the University of California, Davis, and
her colleagues trained two dogs in 2014 to detect contamination in
lettuce, spinach, coriander, and tomatoes from the droppings of eight
different mammals and birds.?* The dogs succeeded in 96 percent of
the attempts to detect droppings on vegetables and fruit in amounts of
at least 2.5 grams. The less droppings there were, the more poorly the
dogs performed. They managed correct outcomes in 83 percent of the
cases for 0.25 gram of droppings, but in only 36 percent of the cases
for 0.025 gram, 17 percent for 0.0025 gram, and 7 percent for 0.00025
gram. The amount of droppings was thus highly significant to the dogs’
success rate.

Blue-Green Algae

Fish is healthy and tasty, and many people often enjoy a nice meal of
salmon. But if the farmed salmon in Norway were to acquire a moldy
and earthy flavor due to substances produced by algae in fish farms,
sales would plummet dramatically. Dogs can help fish farmers to avoid
this predicament® by making sure that algal bloom is detected at an
early stage so chemicals that eliminate algal bloom can be added to
fish farming enclosures and thereby help farmers avoid substantial
financial losses.

Catfish consumption in 2001 was 136 million kilograms, valuing
US$670 million, so catfish farming is a highly lucrative business.?® Un-
fortunately, moldy and earthy odors are the cause of large losses for
catfish farmers in the southern United States.?” This unpleasant odor
can lead to consumers eating less of this kind of fish, choosing other
fish types, or switching to other meat instead. Among other sources,
some natural blue-green algae are responsible for the production of
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these aroma compounds (2-Methylisoborneol and geosmin), and they
are found in most catfish farming ponds. The bloom of these algae
types develops rapidly and without warning in catfish ponds in the
summertime. This leads to a rapid uptake of the compounds and their
subsequent accumulation in fish meat, and thus the fish cannot be har-
vested until the compounds have been removed. Keeping the catfish in
the ponds for long time periods means added expense in conjunction
with feeding and the chemicals required to reduce the algae growth,
not to mention a lot of extra work. The delayed harvest can also cause
further fish fatalities from illnesses, poor water quality, or wild bird
predation. It is estimated that this represents costs of US$15-24 million
per year.?® Furthermore, the poison used to combat blue-green algae
can also kill the fish.?

To avoid the huge economic losses that algal bloom can inflict on the
catfish farming industry, dogs were trained in 2004 by the microbiol-
ogist Richard A. Shelby and colleagues at the Aquatic Health Research
Laboratory in Auburn, Alabama, to detect these algal bloom odorants
at an early stage. Three of the dogs that responded best to the training
were chosen for testing to see whether they could detect the odorants
in a concentration typical of early stage algal bloom. For the lower con-
centration of 10 nanogram per liter, the average correct response was
37 percent, 43 percent, and 67 percent for the three dogs. Further tests
using normal concentrations showed results between 30 and 95 per-
cent, depending upon the test and the dog. The fish ponds that did not
contain these compounds were correctly identified in 96 percent of
the cases. The odors change quickly, so farmers need quick analyses.*
Another study done two years later by the same research scientists
showed that the four dogs could detect these compounds also in cat-
fish meat. They had correct outcomes in 81 percent of the cases on a
training platform.*

Climate change can also be the cause of an increase in algae prob-
lems in Norwegian fish farms and leads to large losses of farmed fish.
Should Norwegian fish farmers also use dogs to check whether there
is algal bloom in fish farming enclosures?
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Wine

Tainted corks can give wine a flavor reminiscent of the scent of a moldy
cellar, a rotten tree, dust, or soil. There are a number of compounds
that can cause a moldy aroma, and one of these is the compound
2,4,6-trichloroanisole (TCA).3> Wine corks are treated with chlorine,
which reacts to phenols (and other woodwork), and if the cork is in-
fected by mold, TCA is produced. Very small amounts of TCA on a cork
are sufficient to destroy the wine and an entire year’s production of
wine can be ruined by one single teaspoon of this compound.*®* Wine
producer Cliff Lede in Napa, California, trained the bloodhound Miss
Louisa Belle in 2006 to detect tainted wine bottles. She can detect bad
wine even through the bottle.>*

The Guard Dog

A pack of dogs living in proximity to humans in former times would
undoubtedly have given these communities an advantage over any en-
emies without dogs, by providing an early warning signal. Warriors
who snuck up on a campsite would have been much easier to detect
if there were guard dogs around the camp. People who lived without
dogs would correspondingly have been easy prey during such night-
time raids. The dog’s keen sense of smell and ability to stand guard and
defend led to it being given the task of guarding forts and fortresses.”
Napoleon used dogs as guard dogs, chaining them to the walls of the
city of Alexandria so they would sound the alarm in the event of an
impending attack. Many people have watchdogs, and dogs have been
used to protect important resources for us, from forest plantations,
apple orchards, and vegetable farms in need of protection from deer, to
golf courses and property in need of protection from Canadian geese.*

Dogs have long been used to watch over livestock to ensure that the
animals are not taken by predators.’” They are effective and can give
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an early warning signal.* In addition to their sense of smell, dogs use
their eyesight and hearing for this task. If predators come too close to
livestock, the dogs become aggressive. In a village in Turkey, Anatolian
shepherd dogs have watched over the nomads’ livestock since 1800
BC. The best dog was the one who stayed with the herd or flock and
did not waste time chasing animals. It was bred over the course of
many generations to protect livestock and not to attack farm animals.*
In Namibia, the rare and endangered cheetah kills large numbers of
livestock when the herd or flock doesn’t include a dog as a family mem-
ber. Before the dog Flintis came to his farm in the late 1990s, Johann
Coetzee lost many animals. Cheetahs had killed forty-two sheep in one
night, and a few nights later they killed another twenty-nine. In conse-
quence, the owner of the farm also killed many cheetahs to protect his
flock, but after Flintis arrived at the farm, cheetahs were no longer a
threat since they are afraid of dogs. If the dog sees a predator, it barks
furiously to warn the intruder that it has been discovered and that it
will attack should the predator come any closer. Flintis worked around
the clock and protected both the sheep and the cheetahs.*°

Sheep husbandry is an important industry in many places. Oddly
enough, guard dogs are not used. Dogs would not only be able to help
the sheep but also their natural predators. We often hear of farmers
who have lost sheep to wolves, bears, wolverines, or lynx. And we read
all the time about how another one of these predators has been shot.
Had we included dogs in the flock, the lives of many predators would
very likely have been saved.

Detection of the Scent of Cows in Estrus and Pregnant
Polar Bears

It is important to discover when milking cows are ready for mating. In
1978 dogs were already being used for this purpose in the United States.*
In 2011 the research scientists Carola Fischer-Tenhagen at Freie Univer-
sity in Berlin and dog trainer Lennart Wetterholm from the HundCam-
pus dog training center in Sweden trained seven dogs to detect when
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cows are in heat.*? They investigated whether dogs could differentiate
between urine, vaginal secretion, and milk from cows that were and
were not in estrus. They found that the dogs detected the scent of estrus
in urine and vaginal secretions with more than 8o percent accuracy.
Many farms keep guard dogs, and it would be a good idea to train these
dogs to detect when the cows are in estrus, saving farmers valuable time
that they can use for other work tasks. The experiment using milk was
not equally successful. The first part of the training went well, but in the
second round the dogs were so distracted by the scent of milk as a po-
tential food reward that they nolonger showed any interest in searching
for the scent of estrus.** Dogs were also trained by Fischer-Tenhagen and
her colleagues in 2011 to detect estrus scent compounds in the saliva of
cows, and the success rate varied from 40 to 75 percent (an average of
58 percent). Although the dogs were less successful here than with vag-
inal secretion, this trial showed at least that dogs are able to identify the
period of estrus by sniffing at the mouth and nose of the cow.**

Due to climate change, the polar bear is now an endangered species.*
Polar bears are being bred in captivity. In Toledo, Ohio, two polar bear
cubs were born in captivity in 2013. Only one more cub was born in cap-
tivity in the entire United States. It is therefore important to determine
mating success—in other words, whether or not the female has been im-
pregnated. It is not easy to establish whether female polar bears are preg-
nant, and false pregnancies are common. The dog trainer Matt Skogen
from Iron Heart High Performance Working Dogs at the Cincinnati Zoo
was summoned tolend a hand with this task. After mating in a zoological
garden, the female polar bear is separated from the male and goes into
hibernation for the winter. The research scientists set up a video camera
to monitor if and when the polar bear gives birth in the course of the
winter. It would make more sense to establish whether the female polar
bear was pregnant in the first place and before she took her winter nap.
In 2013 a beagle named Elvis was thus given the job of figuring this out.
There are specific proteins found only in the feces of pregnant females,
and these are what Elvis sniffs out. He checked twenty-two droppings
from female polar bears in fourteen different zoos in the United States
and Canada, and achieved correct results in 97 percent of the cases.*
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Ore and Minerals Detector

Ore is a type of rock that contains a lot of minerals and from which
metals can be extracted. All the metal we use in daily life has been
extracted from ore minerals. In the late 1960s, dogs were used to find
different types of ore such as pyrite, pyrrhotite, chalcopyrite, and ar-
senopryte.*” Dogs have later been used to find zinc, nickel, and copper
as well. It is claimed that dogs can find minerals located up to 12-15
meters underground.*® In Sweden Peter Bergman’s company OreDog
is investigating whether dogs are able to distinguish between arseno-
pryte (an indicator of gold) and the highly similar pyrrhotite (which
does not contain gold). He will also test whether or not dogs can find
rare earth metals such as yttrium, cerium, terbium, and lanthanum.
These are important minerals used in batteries, wind-power stations,
hard disk drives, and fiber optic cables. In the United States, dogs are
used to find gold, silver, and brass.*

Contaminants and Toxins Detector

Dogs are used to find PCB (polychlorinated biphenyl), PAH (polycyclic
aromatic hydrocarbons), and mercury.*° The use of PCB is now prohib-
ited many places. PCB was used in the glue of double-glazed window-
panes, capacitors, lighting fixtures, concrete, grouting cement, paint,
and other building construction materials in the 1930s. The toxin is not
dangerous as long as it stays in the building, but once the materials in
the building start to break down and PCB gets into the environment, it
can be taken up by fish, birds, and mammals.

In1997 research scientist Allison Crook from Australia started train-
ing the dog Norm as the first in the world to detect organic environ-
mental toxins (organochlorines) in the soil, especially dieldrin, aldrin,
DDT (dichlorodiphenyltrichloroethane) and its degradation products
DDD (dichlorodiphenyldichloroethane) and DDE (dichlorodiphenyldi-
chloroethane). Chemical remains of organochlorines have been found
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in steak from Australia. To find different types of contaminants on a
farm, the dog Norm was trained to detect very low concentrations of
aldrin, dieldrin, and DDT (1 part per million or less) in the soil. The
use of dogs for this purpose saves time and reduces the number of soil
samples necessary to find the contaminated areas.*

Dogs also search for other toxins (toluene, 2,4,5- and 2,4,6-
trichlorophenol, and 1,2,3-trichloropropane) to improve safety stan-
dards for humans.” One of the most poisonous substances in the world
is mercury, which is liquid at room temperature. Mercury is found in
thermometers, barometers, and lightbulbs. Mercury detection is no
easy task. It can be found in a school chemistry lab, in a hospital, or
in an old factory building.>* The inhalation of mercury vapor is haz-
ardous to the health and can cause brain damage.” It also has serious
consequences for fish and mammals.*® In 1999 two dogs inspected 1,100
schools in Sweden for mercury and found approximately 1.4 tons!”’

Turid Buvik and Per Johan Brandvik have been training the dogs
Jippi (a border collie) and Tara (a long-haired dachshund) in oil pollu-
tion detection. The dogs detect oil spillage covered with snow, ice, or
littoral sediments. The dogs work effectively in temperatures down to
-20°C and with strong winds for long periods of time. The oil samples
(0.4liter) that were buried deep in the ice of the fjord (30 cm) were put
out a week before the dogs arrived at the island Svalbard, Norway. The
dogs located the samples with great precision and were able to deter-
mine the size of the oil spillage area. The dogs also discovered evidence
of large-scale pollution stemming from leaks in a 400-liter oil drum
found on the ice. They detected the pollution from a distance of 5 kilo-
meters. Later the dogs were trained to ignore small amounts of oil and
to focus on larger spills, so cleaning up these areas could be prioritized.
An effective way of using dogs in the future would be to have them
identify oil pollution in coastal regions.’® Unfortunately, far too often
we hear stories of ships that have run aground, causing oil cargo to spill
out into the ocean. Oil spills have a hugely negative impact on animal
life. Dogs trained to detect oil will also be able to detect creosote, which
is predominantly made up of polycyclic aromatic hydrocarbons and is
a generic term for the products wood-tar creosote and coal-tar creosote.
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Dogs can also be trained to detect contaminated carcasses and to
find animals that have died of poisoning.” In Spain hunting is very
popular, which sometimes culminates in conflicts between humans
and predatory animals. Using poison to kill predatory animals is ille-
gal, but some hunters and gamekeepers nonetheless put out poisoned
bait to kill foxes, feral cats and dogs, and other predators.¢°

Dogs have also been used to detect hazardous chemical leaks from
bulldozers, tractor diggers, and power shovels.®

Stolen World Cup Trophy

On March 20, 1966, the FIFA World Cup trophy was stolen in Lon-
don just four months before the World Cup final in football was to be
played. A week later, in South London, David Corbett’s mixed-breed
collie Pickles picked up the scent of something in a yard. Under a hedge
lay an object wrapped up in a newspaper. Pickles had found the miss-
ing World Cup trophy and became a national hero overnight.

Golf Balls

Goya, a five-year-old mixed breed (Labrador and golden retriever),
sniffs out golf balls together with the mistress of the house, Elisabeth
Thomsen. Goya’s record is 27 golf balls in one day. In September and
October 2012, and from May 1 to September 16, 2013, she sniffed out as
many as 1,053 golf balls. She finds the golf balls even if they are lying
in muddy water and she can’t see them. In the course of fourteen days
in the early summer of 2014, she sniffed her way to no less than 123
golf balls. They were lying under snow, heather or grass, or on the
bottom of brooks and bogs. Nevertheless, she finds them after a lot of
digging!® The world record, however, may belong to the cocker spaniel
Rikki, who during the Second World War found 40,000 golf balls in
the area around Saunton Golf Club in southwest England.®*
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