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Simple Summary: Dogs are used in many contexts, including the detection of odor sources.
A particular application of dogs during searching activities is the location of human remains.
In this work, we aimed to gather the common practices of police dog handlers based on a survey
made of nine questions, which was sent to police dog handlers around the world (Ncountries = 10;
NBrigades = 16; NHandlers = 50) and then compared to the information available in the scientific
literature. We highlighted a wide diversity of selection and training procedures used by handlers.
Studies dedicated to human remains detection dogs are not abundant. However, we found key
information that should be applied by handlers during the selection and the training of their human
remains detection dogs. First of all, they should include the anatomical traits during the dog selection
as behavioral traits alone are not representative of their potential. Finally, even if the training
procedures are well performed by handlers, we highlighted a wide diversity of homemade training
aids. However, no information was found in the literature regarding the effect of the training aids on
the dog performances. For these reasons, handlers should create normalized selection and training
procedures while scientists should investigate the behavior of these dogs to provide more information
to handlers.

Abstract: Human remains detection dogs (HRDDs) are powerful police assets to locate a corpse.
However, the methods used to select and train them are as diverse as the number of countries with
such a canine brigade. First, a survey sent to human remains searching brigades (Ncountries = 10;
NBrigades = 16; NHandlers = 50; Nquestions = 9), to collect their working habits confirmed the lack of
optimized selection and training procedures. Second, a literature review was performed in order
to outline the strengths and shortcomings of HRDDs training. A comparison between the scientific
knowledge and the common practices used by HRDDs brigade was then conducted focusing on
HRDDs selection and training procedures. We highlighted that HRDD handlers select their dogs by
focusing on behavioral traits while neglecting anatomical features, which have been shown to be
important. Most HRDD handlers reported to use a reward-based training, which is in accordance
with training literature for dogs. Training aids should be representative of the odor target to allow a
dog to reach optimal performances. The survey highlighted the wide diversity of homemade training
aids, and the need to optimize their composition. In the present document, key research topics to
improve HRDD works are also provided.
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1. Introduction

Human remains detection dogs (HRDDs) are “canines specially trained to find human
decomposition scent and alert their handler to its location” [1]. In addition to be called cadaver
dogs, HRDDs are most likely less known than other categories of working scent-detection dogs
such as explosive or drug detection dogs. However, they are used by law enforcements in many
contexts including homicides, as well as natural and manmade disasters to search for human cadavers,
body parts, or fluids [1-7]. These activities are usually gathered under the term necrosearch [8].

During dog domestication, humans selected individuals upon their olfactory abilities, which were
particularly important to the development of hunting dog breeds [9]. As a result, today’s breeds of
working dogs show accurate, sensitive, and reliable olfactory abilities [6,10-14]. Dogs are able to
recognize several hundred compounds due to a wide diversity of olfactory receptor cells present in
their olfactory epithelium [9,15-18]. In addition, polymorphism in olfactory receptors genes increases
the number of molecules that can be bound, making dogs powerful biological detectors. Not all dogs
are suitable to perform detection work, as a result of e.g., their head conformation, their olfactory
sensibility, or the polymorphism of their olfactory receptor genes [9,10,14-16,19,20].

The diversified environments in which HRDDs are deployed require dogs with specific skills.
While some of them can be learned, several intrinsic traits would ease the training program.
Handlers would benefit from identifying morphological, olfactory, and behavioral traits that indicate a
dog’s suitability to become an HRDD. However, poor information is available regarding the selection
of HRDDs, including traits and procedures. The scientific literature mainly focuses on the selection of
service dogs [21,22]. As regards to the training procedures, dogs as pets are more studied compared to
working dogs [23-25].

The conditioning of detection dogs relies on the quality of the available training aids [26].
HRDDs should be trained with aids that mimic the smell of any human cadaver. Some training aids
are available on the market but were shown to be unrepresentative of the smell of a real decaying
corpse [27]. The characterizations of the volatile organic compounds released by human corpses
are scarce as they are complicated to carry out [28,29]. The cadaveric smell is composed of up
to 800 molecules belonging to almost all chemical families including alkanes, ketones, aromatics,
amines, and sulfur compounds [28,30-32]. Moreover, the decomposition of a corpse involves a wide
range of interweave mechanisms making it highly variable and uneasy to understand [29,33-36].
Numerous biotic (e.g., tissues nature, animal species, necrophagous insects, microorganisms) and
abiotic factors (e.g., humidity, temperature, death location) affect the volatilome of a cadaver [36—40].
In addition, a decaying corpse typically goes through five stages of decomposition respectively named
fresh, bloated, active decay, advanced decay and dry remains, all characterized by different blends of
volatile compounds [28,34,41]. As a result, the volatile chemical cues released during the decomposition
process differ greatly from one case to another [4,28,34,36,38,42], making it difficult to provide HRDDs’
handlers with training aids mimicking human decomposition.

This review aimed to gather all available information on the selection and the training procedures
of detection dogs. This research was carried out through two approaches: (1) We developed a survey
that was sent to human remains searching brigades across the world, in order to collect their handlers’
working habits; (2) a literature review was carried out to outline strengths and shortcomings of the
selection (anatomical and behavioral characteristics) and training of HRDDs. A comparison between
the scientific knowledge and common practices used by law enforcement forces was then performed.
Finally, based on this comparison, we have provided a guideline compiling the best scientific-based
practices to improve HRDD works, as well as perspectives for further scientific researches.

2. Methods

Bibliographic research—The bibliographic research was performed using Google Scholar®,
Science Direct® and Scopus® between June and December 2019. A first research was performed by
focusing on the selection and training of cadaver dogs. The words’ combination used was the following:
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“(“cadaver dog” OR HRDD OR “human remains searching dog” OR “human remains detection dog”)
AND (selection OR training)”. This research only highlighted two publications. We therefore decided
to extend our research to other types of detection dogs and gathered information that could be applied
to HRDDs. We ended up conducting different bibliographic researches according to the section of the
present review (Table 1).

Table 1. Bibliographic research performed for each section of the present review using Scopus®,
Science Direct® and Google Scholar® between June and December 2019.

Review Outline Combinations of Keywords

Dog Selection
Morphological: (selection AND suitable AND wildlife AND “detection dogs”)

Anatomical traits Olfactory: (selection AND “detection dog” AND ((olfaction OR “Olfactory system”) OR
(“genetic marker”))

Behavioral traits (selection AND (“detection dog” OR “scent detection dog”) AND “behavio(u)ral trait”)

(selection AND (method OR methodology) AND police AND forensic AND “detection
dog” AND (method OR procedure OR methodology))

Methods

Dog Training

(“human remains searching dog” OR “cadaver dog”) AND (“training procedure” OR

Methods “training method” OR “training methodology”)

Training aids ((“human remains searching dog” OR “cadaver dog”) AND “training aid”)

Regarding the ‘anatomical traits’ section of this work, we have extended the scope to wildlife
detection dogs, because they have to face similar working environments as HRDDs: they mostly
perform their searching activities outdoor, rather than indoor. Regarding the ‘methods of selection’,
‘behavioral traits” and ‘olfactory traits’ section of this work, we have extended the scope to all detection
dogs, because they are independent of the environment where the search is performed. Regarding the
‘training methods’ section of this work, all working dogs were taken into account as the methods can
be considered equivalent. Finally, the ‘training aids’ section focused only on HRDDs because the
olfactory cues used during the training have to be representative of the smell of a decaying cadaver.

Survey—A survey made of nine questions based on information from the literature and Belgian
HRDD handlers (Table 2) was sent to the Kynopol Secretariat, who forwarded it to all affiliated human
remains searching brigades around the world (LimeSurvey®). The survey was written in English.
Sixteen brigades answered the survey between 1 August and 20 September 2019. Response to the
questions was not mandatory. The handlers belonging to the brigades also had the possibility to
add comments for each question listed in Table 2. Ten brigades out of 16 also described the HRDDs
working in their brigades. Only the responses provided by HRDD’s handlers were taken into account.
Fifty handlers from ten countries answered the survey, including Canada, United-Kingdom, Portugal,
Belgium, Sweden, Finland, Austria, Slovenia, Romania, and Cyprus.

Through the present document, the word ‘brigade’ is applied to the entire department (including
handlers and HRDDs). The results of the survey are presented at the beginning of each part of the
review (selection and training).

Data analyses—A descriptive analysis of the survey responses has been performed. A subjective
number between 0 and 100 was dedicated to each level of importance (not important = 0; important = 50
and very important = 100). We attributed a score to each selection parameters based on the answer of
all handlers (Equation (1)). All the other answers were plotted by using Microsoft Excel (Version 16) or
R Studio (RStudio, 2019). When possible, a chi-square test was performed to compare the proportions
of response. However, due to a low sample size, statistical analyses were not often implemented.

Equation (1): Calculation of the score of importance of the different selection parameters evaluated in
the survey.

(nnot important X 0) + (nimportant X 50) + (nvery important X 100)

Nhandlers

, )

Importance score =

where n = number of handlers choosing a specific level of importance (not important, important,
very important) and N = total number of handlers responding to the survey.
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Table 2. Survey sent to handlers (N = 50) of human remains detection dog (HRDDs).

Survey Outline Questions

Selection

Q1: What are the physical characteristics you are paying attention to when you
select a dog to train?
(for each trait, select among: very important/important/not important)
Anatomical traits considered during ~ Size
the selection of HRDDs Length and thickness of the fur
Ability to run
Muscle mass
Q2: How do you assess the physical characteristics?

Q3: What are the behavioral characteristics you are paying attention to when you
select your searching dogs?
(for each trait, select among: very important/important/not important)
Dominant
Social
Behavioral traits considered during the ~ Curious

selection of HRDDs Dynamic
Player
Independent
Obedient
Adventurous
Q4: How do you assess these behavioral characteristics?

Training

Q5: What kind of training do you perform?

Punishment (including take off the toy). If yes: What kind of punishment?
(electric shock/strike/other)

Reward. If yes: Which kind of reward? (Toy/vocal
encouragement/food/clicker/other)

Q6: What is the duration of a training session (in minutes)?

Q7: What kind of training aids do you use?

Compress with human cadaveric fluids

Compress introduced in a container with human organs and/or blood
Compress with animal cadaveric fluids

Clothes wear by human cadaver

Gravesoil

Commercial kit

Q8: Could you describe your trainings?

QO: If you use biological training aids (compress with cadaveric fluid, gravesoil
or clothes ... ), can you describe how you obtain the final trainings aids?

3. Selection of Human Remains Detection Dogs

Results of the survey—The survey recorded a number of 6.8 + 2.0 HRDDs per country (data from
seven countries). Moreover, based on our survey (Nprigades = 16, NHandlers = 50), we conclude that
there is no standard procedure being applied for selecting dogs within a litter. All teams (except one)
declared to implement homemade selection tests to assess the learning abilities of puppies during
preliminary training sessions, taking into account some specific traits (e.g., drive, independence).
In most cases, the selection is based on the handler’s own opinion during training or playing time only,
without collecting any quantitative measures (“gut” feeling). Only two brigades (out of 16) perform
normalized tests whose detailed description has not been provided. These two brigades assess the dog
morphology as well as about 20 behavioral traits including what they call drives, courage, aggression,
and nerve strength. Respondents mostly ignore morphological traits during the selection of HRDDs.
They usually select puppies within the same breed (Figure 1). The four preferred breeds are: Malinois
shepherd, German shepherd, English spaniel and Labrador retriever. Agility and stamina are the most
important traits according to handlers’ responses, while dog size, fur length, and muscle mass are
barely taken into account (Figure 2). Handlers from only two brigades pointed out that size and fur
length are important traits that could influence dog performances. These two brigades mentioned that
the perfect dog size is medium to tall while fur length has to be long. Among the brigades describing
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their HRDDs teams (10 brigades out of 16), males are more often used than females (x 2=523; p = 0.02).
In addition, they prefer to not neuter their dogs (x 2 = 16.09; p < 0.001) with only 23% of HRDDs being
neutered. All Canadian and English dogs are neutered. Neutered dogs are always males, no HRDD
females are mentioned.
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Figure 1. Breeds currently used as human remains detection dogs based on a survey completed by ten
brigades from Europe and Canada.

None of the 50 questioned handlers select their dogs based on olfactory traits. Most handlers
agreed about the importance of taking behavioral traits into account during puppies’ selection.
Handlers highlighted several important parameters: playfulness, curiosity, sociability, independence,
and dynamism, with a score higher than 70. In addition, HRDDs should not lead the search and
should follow the instruction of the handlers. Some handlers judged that a pronounced leadership
is important for an HRDD. None of the surveyed handlers mentioned the importance to evaluate
the ability of the dog to cope with stressful situations (Figure 2). Among the responding handlers,
36% assessed the drive during the selection.

Puppy selection remains crucial to obtain efficient adult HRDDs, as all dogs within the same breed
or litter do not have the intrinsic qualities to perform such a complex work [9,14,16,43—47]. For this
reason, a list of recruitment criteria must be defined. However, the survey reveals that no standard
procedure is applied to choose dogs within a litter. Moreover, handlers mainly focus their selection on
the behavioral traits while literature research suggests that physical characteristics are also important
features to consider during the selection of detection dogs [20,22,45,48,49]. In the following paragraphs,
we discuss the importance of four groups of features on the selection of a detection dog including
(i) morphological traits, (ii) olfactory traits, (iii) behavioral traits, and (iv) the documented methods
used to assess these three groups of traits.

Morphological traits—HRDDs perform search of decaying human remains in a large diversity
of environments, including urban (e.g., collapsed building, garden) and wild environments
(e.g., woodlands, grasslands, mountains, beaches) [2,5,33,50]. Just like wildlife detection dogs,
HRDDs should be agile to move easily in rough fields and have steady stamina to stay performant
during a long period of time [1,51]. Because the dog’s size (also called “dog body shape”) and the
coat length are both correlated with dog’s mobility, they should both be considered during dog
selection [45,52,53]. Three types of build (large, medium, and small) and two types of coat length
(short and long) are typically highlighted in the literature [19]. Handlers should prefer a medium
built dog (e.g., Springer spaniel, Labrador retriever, German shepherd) to ease their move in a rough
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environment. Another advantage of these breeds is that their thermoregulation is more efficient in
various environments (e.g., warm/cold conditions, rough field) [47,53]. Among medium-sized dogs,
breeds having proportionally longer legs show better agility [52,54]. Large dogs may experience
trouble to cool down in hot or strenuous environments whereas small dogs are known to get tired
faster under these environments [20,53,54]. Heat tolerance is not only regulated by the size of the dog
but also by the length of the coat. A long coat will reduce the dog’s mobility while it will be an obstacle
to the smooth running of his work under hot weather. On the other hand, a short coat decreases the
performance of the dog in case of cold conditions. The main point to focus on is the ability of the dog
to regulate its own temperature during the searching time as it will impact its stamina [20,52,53,55].
In their book “Cadaver Dog Handbook”, Rebman et al. advise that the working environment should
define dog size and coat length [1,19].

Physical traits
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Figure 2. Handlers’ estimation of the importance of the physical and behavioral traits that must
be considered during the selection of human remains detection dogs. The response distribution
describes the percentage of handlers (out of 50) that estimate the importance of each trait (not important,
fairly important, very important). The score estimates the importance of the traits during the selection
according to Equation (1).

While agility was classified as the most important trait, size and coat length were not being
considered by the international teams having answered our survey when selecting HRDDs. Sex has
not been identified to impact HRDD's performances. However, females seem to be less aggressive than
males, suggesting that they would be proficient specialist searching dog [56]. However, our survey
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suggest that males are preferred over females. In addition, no differences were highlighted between
neutered and unneutered dogs [56]. However, neutered dogs live longer than the non-neutered
ones [57]. Finally, health and expected longevity of the dog have been identified as important factors,
among others to not waste time with dogs that would not be able to work properly because of repeated
sickness periods [43,45,58,59].

Olfactory traits—Some breeds have developed a more efficient olfactory apparatus than others, as a
result of hundreds of years of selection [14-16,60]. The efficiency of the olfaction sense is linked to the
structure of the dog’s skull. Three types of dog skull conformation can be described: brachycephalic,
mesaticephalic, and dolichocephalic breeds (Figure 3). Although the exact description of these
conformations is not clearly explained in the literature, researchers calculate the ratio between skull
width and skull length, leading to average values of 0.81 for brachycephalic, 0.52 for mesaticephalic,
and 0.39 for dolichocephalic [48]. The skull conformation will impact the orientation of the olfactory
bulb and the volume of the nasal cavity. Brachycephalic breeds are characterized by a compressed
nasal cavity, positioning their olfactory bulb in a ventral orientation and reducing the epithelial
surface available for the capture of odors [48]. Brachycephalic breeds should, therefore, be avoided
for olfaction-based work, and mesaticephalic and dolichocephalic breeds should be preferred [45,48].
The head conformation is a characteristic that should be taken into account to easily assess the olfactory
capability of a dog: the larger the nasal cavity, the more olfactory receptors cells (ORCs) are located in
the epithelium [61,62]. During our survey, questioned handlers did not mention the structure of the
head as a selection factor. However, no brachycephalic breed is used by the questioned teams (Figure 3).
To be perceived by the dog’s brain, odorant molecules must enter the nasal cavity and reach the olfactory
epithelium where olfactory receptor cells (ORCs) bind them. The number of ORCs, which varies among
dog breeds, is therefore another important parameter to consider. For example, bloodhounds have
300 million ORCs (the higher number among dog breeds), and German shepherds have 225 million
ORCs [61,62]. Variations are observed among dog breeds but also among individuals within the
same breed [14,46,56]. Almost 1100 genes are responsible for ORCs synthesis [9,14], which makes
any selection effort based on genetic characteristics a difficult task [14-16,60]. No genetic selection
was mentioned in additional comments, suggesting that they base their selection on interesting genes
indicating a potential future performant HRDD. A third olfaction-associated parameter that should
be considered when selecting a potential HRDD is the size of the ear and dewlaps. Large ears and
dewlaps allow a dog to catch more volatile molecules focusing the scent around the nose [19]. The size
of the ear and dewlaps were not mentioned in the answers of the survey. Yet, German shepherd
dogs—which have a dewlap—and English spaniel dogs—which have large ears—are among the most
common HRDDs (Figure 1).

Behavioral traits—Behavioral traits also play critical roles in the determination of the success
or failure of future HRDDs’ training [19,61,63]. The behavioral response of a dog facing a particular
stimulus is driven by two main components: its temperament and its personality [21,64-66].
Temperament can be defined as the individual difference in behavioral responses, which is steady
among time and context, that are grounded in affective state and its regulatory processes and which
are evident from an early age [67]. It usually has genetic predisposition [58,63,67,68]. Personality is the
result of both a dog’s genetics and experiences over time, which shapes the dog’s behavioral response
to situational events [19]. Two main behavioral traits should be considered in HRDDs: the drives and
the nerve strength [22,45,69,70].

Some authors consider the term “drive” as synonymous to motivation [43,58,68,70] which is
defined as an innate impulse that prompts a canine action while others make the distinction between
drive and motivation but without explaining the differences [19,45,47,69,70]. However, drive is a
generic term that includes at least six sub-categories, according to the available literature: (i) pack or
social drive, (ii) play drive, (iii) food drive, (iv) prey drive, (v) hunt drive, and (vi) defense drive [63,69].
Pack drive is the ability of the dog to work in cooperation with humans [45]. Play drive is the desire to
be entertained [45]. Food drive is the desire to obtain food [69]. Prey drive is defined as the willingness
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to engage in a competition game [22]. Hunt drive is the ability to hunt and locate a prey, and also comes
with a desire to be rewarded [71,72]. Defense drive is the tendency to defend itself or its handler [22].
Most of the many behavioral traits listed in the literature (such as trainability, personality, stress,
fearfulness, and courage) could be related to one of the drives previously described [73]. In addition,
drive is linked to the concentration of the dogs, i.e., its ability to remain focused on its searching
work despite the presence of distracting scents or events [52,63]. Drive is among the most important
behavioral traits to consider during the selection of a scent detection dog according to the scientific
literature [69,74-76]. Indeed, the stronger drive is, the faster the training is and the better the final
performances of HRDDs are [19,52,63]. Scientists however consider that some drive types are more
important than others [63]: Play drive is one of the most important for any wildlife detection dog,
including HRDDs. A high play drive dog will have a strong desire to train and receive its reward,
which is essential for training and work [1,45,52]. Later, the dog will engage more easily with the
searching work. A high play drive dog will be less distracted during the training and the work. Indeed,
the dog will concentrate on getting the reward (i.e., toy) [19]. Food drive is most likely as important as
play drive when it comes to HRDD's selection. Indeed, using a food reward is supposed to bring similar
result than a toy [63,69]. We suggest to gather play and food drives under a single drive category:
reward drive. The reward drive would be defined as the desire of the dog to get the reward. The more
the dog wants its reward, the more it will be focused on its work and the less it will be distracted
by other stimuli. Two other drives should be considered by handlers: hunt and prey drives [46,69].
Hunt drive will inform the handler on the motivation of the dog to locate a target without perceiving it
by using its nose. It is strongly linked to the prey drive. However, some scientists highlighted that
a too high prey drive can be catastrophic during the location of a victim: these dogs could attack
the target when they find it (which is not desired during the search of decaying human bodies) [74].
One last important drive is the pack drive or social drive: detection dogs have to be able to work with
unfamiliar dogs and humans without expressing any anxiety or fear. Pack drive also gives an idea
of the level of cooperation that can be expected between a dog and its handler. No study evaluated
the impact of high pack drive level on HRDD performances. However, we can hypothesize that the
better the ability of a dog to understand the gestures and orders of its handler (which is linked to the
cooperation with the handler), the easier will be the training [52,77]. While a highly developed defense
drive is a prerequisite for most police working dogs, it is not a required trait for detection dogs [69].

Proportions of head conformations
used for human remains location (%)
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Figure 3. Proportions of dogs declared to be used as human remains detection dogs in our survey (N = 10
out of 16 brigades) belonging to the three common types of dog’s skull conformation (skull pictures are
reproduced with the kind permission of Tibor Csorg).

The nerve strength is another important behavioral trait to consider. The nerve strength is the
ability of the dog to deal with a stressful situation, such as a noisy sound [19,69]. This parameter has to
be specially considered for HRDDs as they are likely to work under highly stressful environment [1].
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Indeed, dogs exposed to stressful environment will reduce their activity level and are less efficient
during learning session [78]. HRDDs are trained to not react to auditory, tactile and visual stimuli,
as they are likely to work in disaster environments. Indeed, they must be able to work on unstable
ground surfaces, tunnel, or crawl spaces. They are likely to be exposed to gunshots, rock collapse,
and fire smoke [52,69]. However, it was not confirmed by scientific research that the presence of such
stimuli impact the dog’s performances [63,69].

Handlers mentioned the drive in the additional comments. Questioned handlers never mentioned
the different types of drive in the survey, even if based on the literature review, the drive must be
evaluated. Yet, as previously mentioned, none of the surveyed handlers detailed the drives they
evaluated. However, they did evaluate some behavioral characteristics that may be related to the
drive, such as playfulness, sociability, and curiosity. These traits can be easily associated with play
drive, pack drive, and prey or hunt drives. During our review of the literature, we had to face the
lack of homogeneity within the vocabulary used to describe behavioral traits which explain the wide
diversity of terms used to describe a unique behavior. On the other hand, some handlers judged that a
pronounced dominant trait is important for an HRDD, which is not in accordance with the literature
that states that a detection dog should always be led by its handler for more efficient results [45,52,77].
Finally, none of the surveyed handlers mentioned the importance to evaluate the ability of a dog to
cope with stressful situations, suggesting that they most likely do not evaluate this ability. They should
however train their dog to better resist stressful situations. Indeed, repeated exposure to stressful
stimuli increase nerve strength [63,69,79]. However, dogs with a high food or play drive may have a
higher nerve strength, since they are likely to keep focused on their target to receive their reward as soon
as possible. As food and play drive are taken into account during the selection of HRDDs, they might
select, simultaneously, higher nerve strength dogs [1]. Standardized tests would be helpful for a more
accurate evaluation of behavioral scent detection dog traits, including HRDDs, during their selection.

Selection procedures—Several methods of working dog selection are described in the literature
and are summarized in Table 3. Most of these studies deal with the selection of service dogs [21,22,80].
Even if several traits are important for both service and detection dogs, different works require different
skills. For instance, while a guide dog should constantly stay close to its handler and keep looking at
him to receive its instructions, a detection dog works at a distance and pays attention to its handler’s
verbal communication [80,81]. Most of these methods assess nerve strength and the above described
drive types [19,45].

Two of these selection procedures were scientifically assessed: based on C-Barq assessment
(survey on the personality of the dog), Reference [82] and on IFT (In-For-Training, exercises or
tests, [80]). Both procedures were shown to be accurate and improved the selection of service
dogs [65]. However, the evaluation of these selection procedures did not document scent detection
dogs. They were based on the observation of an evaluator, breeder or handler, making the tests
subjective. In addition, no metrics were provided to decide after the selection procedure which dogs
should be selected. Finally, these documented procedures mostly focus on behavioral traits without
taking anatomical and olfactory traits into account. To validate a selection method, it is required to
demonstrate its predictive value (i.e., performance of the detection dog). However, no performance
assessment tests and skill measurements were found in the literature for HRDDs, most likely explaining
why handlers continue to perform homemade selection procedures. We strongly recommend their
developments. This lack of interest in the scientific community could be explained by the small number
of HRDD:s in each country, as revealed by our survey which shows that 6.8 + 2.0 HRDDs are operational
per country (data from seven countries). A common agreement on the terms used to describe the
behavioral traits has to be adopted as well. These recommendations should help to standardize the
selection of HRDDs and improve their final performances. Finally, the dog genetic (through genetic
markers) could also be considered during the selection, because morphological and behavioral traits
are inherited [16,60]. The identification of specific markers would ease the selection and could help
avoiding subjectivity during the selection.
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Table 3. Selection methods of detection and service dogs.
Method
Characteristics Description (According to Authors) C-Barq SDTC IFT M-B Scale GDTP
Drive
Causal reasoning Use of visual and auditory cues to infer the location of hidden reward A A
Commitment to toy Tendency to engage game with its handler (new toys or familiar toys) A A A
Retrieval inhibition Ability to inhibit prepotent motor response in object retrieval task A
Energy level Show enthusiasm and be always ready to play A
Excitation Before a walk or when owner/visitor is coming home A
Gaze direction Ability to use human gaze direction to locate hidden reward A A
Hiding-finding Object permanence A A
Hunting behaviour Tendency to track its prey directly or after a turnaround of 360° A A A
Odour control trials Control trials ruling out ability to locate hidden food using olfaction A A
Perspective-taking Tendency to obey/disobey a command depending on whether a human is watching A A
Play with stranger Tendency to play with familiar toy and stranger A A
Reaching Ability to infer reward location based on experimenter’s reaching towards baited location A
Retrieval Tendency to retrieve object and return it to in front of experimenter A A A
Reward preference Preference for food or toy reward A
Rotation Egocentric vs. allocentric use of spatial cues A
Social referencing Tendency to look at human face when joint social activity is interrupted A A
Spatial transpositions Ability to track location of hidden reward across spatial transformations A
Visual discrimination Ability to learn arbitrary visual discrimination prediction reward location A
Nerve strength
Affect discrimination Preference to approach unfamiliar human A A A A A
Confidence on rough surface Ability to stay confident on rough surface A
Confined space Ability to come from a confined space and enter a lighted area and dark area A
Fearfulness Shaking/salivating/agitation/loss of appetite when they are left on its own A
Laterality: first step Forelimb preference when initiating a step off a platform A A A
Sociability towards other canines  Preference to approach unfamiliar canine A A A
Sound sensitivity Ability to stay confident when confronted to several sounds A A A A
Stability Ability to stay confident and stable on unstable surface A
Surface sensitivity Ability to travel across a slick surface A
Threating situation With stranger, unfamiliar dog or object A A
Touch anxious Tendency to stay calm when manipulated by human A A
Visual sensitivity Ability to stay relaxed and confident in an area full of smoke A A
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Table 3. Cont.
Method
Characteristics Description (According to Authors) C-Barq SDTC IFT M-B Scale GDTP
Trainability
Arm pointing Ability to use human arm pointing to find a hidden reward A
Detour navigation Navigation of shortest route around an obstacle A
Inferential reasoning Ability to infer the location of hidden reward through the principle of exclusion A
Marker cue Ability to infer location of hidden reward when human uses a novel communicative marker A
Memory-distraction Memory for location of reward across delays while dog’s attention is discarded A
Odour discrimination Discrimination and memory for which of two locations is baited using olfaction A
Response to command Ability to sit/stay A
Spatial perseverations Ability to inhibit previously established motor pattern when environment changes A
Working memory Memory for location of reward across temporal delays A
Personality
Attachment Sign of attention to the owner A
Begging for food When people are eating A
Contagious yawing Tendency to yawn during auditory exposure to human yawning vs. control sounds A
Dynamism Hyperactive or restless A
Escapes Take each opportunity to escape A
Olfactory interest Rolls when facing smelly substance A
Owner direct aggression Tendency to be aggressive with owners during daily tasks (batch, eating, game. ... ) A
Steal behaviour Steal food A
Unsolvable task Help seeking from human vs. independent behaviour when facing unsolvable task A
Morphological
Physical exam Examination of the body tension A
Others
Barks To alarm or when excited A
Coprophagy Eat its own faeces or of another animal A
Licking Itself or people or object A
Pull on leash During walk A
Sensory bias Prioritization of visual vs. olfactory information when senses pitted against one another A
Transparent obstacle Ability to inhibit direct approach to experimenter when a detour is required A
Urinates During night, when owner approaches, on object A

A indicates that the method takes the characteristic into account; C-Barq (Canine Behavioral Assessment and Research Questionnaire; survey), IFT (In For Training; tests),
SDTC (tests developed by the Swedish Dog Training Center), M-B scale (tests developed by Brownell and Marsolais 2000) and GDTP (tests developed by the Guide Dog Training Program)
M-B scale is the only test having been performed on detection dogs [21,65,69,80,81].
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4. Training of Human Remains Detection Dogs

Results of the survey—During their training sessions, most surveyed handlers declared using
reinforcement rather than punishment (Figure 4). A minority of them, however, still mentioned the
practice of punishments. When they do so, they do not give the reward to their dog (negative punishment).
They are a minority to the handlers who use positive punishment (Figure 4). Among handlers practicing
positive reinforcement, no generalization can be made. They reported to use either toys, clicker, food,
or encouragement as positive stimuli. Most of them use a combination of the different rewards.
Handlers train their dogs on average for 33.3 + 3.2 min, 3.2 + 0.4 times per week. Handlers did not explain
the way their training sessions are organized. No information was provided about how the training
session ends.

T-F
16
T-C-F
T-F-E
12 T-C
T-C-F-E
0 2 4
8
| I I
0
Toy (T) Clicker (C) Food (F) Encouragement(E) Do not give Electric

the reward shocks

Figure 4. Types of operant conditioning used by the surveyed handlers (y axes, N = 50) to train their
human remains detection dogs with the pie chart representing the proportion of reinforcement and
punishment technics used (light grey: punishment, dark grey: reinforcement).

Stimuli used during the specialized olfactory training were very different among teams (Figure 5).
They reported to only use homemade biological aids (human or swine origin). Most of the handlers
used aids of human origin. Commercial aids available on the market were not used.

8 4 0

== Human fluids on gauze == Headspace human cadaver gauze Clothes of human cadaver
Human gravesoil = HumanBones ™ HumanTeeth ™ Animalfluid on gauze

™= Commercial kits

Figure 5. Types of training aids used by the surveyed human remains detection dogs’ brigades to train
their dogs. Colors in the pie charts represent the diversity of training aids used by the teams in the
country where the chart is located. The bar chart represents the number of human remains detection
dogs’ teams (y axe) which use the different training aids.
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Training methods—Most of the research performed on dog training procedures is dedicated to
pets [24,25]. Documented HRDDs' training methods are scarce and when available, they focus on case
studies [13]. Moreover, none of them were associated with an evaluation of the performances and
behavioral outcomes of the dogs. Training methods were based on operant conditioning during which
a dog learns that its response to a command has consequences. The dog will repeat the behavioral
response to the specific stimulus that leads to the higher benefit [83,84]. The latter may increase
aggressiveness and fear and should therefore be avoided [25,83,85]. Reinforcements are associated
with improved abilities to learn [25,86]. Moreover, a positive reinforcement leads to the creation of a
strong relationship between a dog and its handler. While negative reinforcement is associated with
distraction and lower obedience [83]. Despite these observations, the type of reinforcement remains a
matter of debate among handlers: it is still unclear whether aversive and reward-based methods lead
to different levels of performance in working dogs [25].

End of session cues—in a recent publication [87], the Federal Bureau of Investigation (FBI) raised
the importance of End of Session Cues (EoSC). EoSC is a (series of) stimulus that informs the dog
about the coming end of the training session. EoSC must be clearly and repeatedly introduced at
the end of each training session to avoid the dog to associate events that follow the training session
(e.g., return in the cage) as part of the training. If EoSC are not applied, the dog could reinforce
unwanted behavioral responses. For instance, going back to the cage immediately after a training
session could be considered by the dog as a punishment, resulting in a decrease in its performances.
Instead a training session should end in a positive way, for example a playing period, which will likely
increase dogs’ performances [87,88].

Aids—There is a wide diversity of materials that can be used to train HRDDs, including biological
aids and synthetic ones [27]. As far as the authors know, no publication comparing the efficiency
of various training aids on dogs” performances is available. So far, scientists seem to agree that the
biological aids are the most efficient and reliable ones that can be used to train HRDDs [4,89]. However,
biological materials are difficult to obtain due to ethics, legislation, and biohazard risk for both human
and dogs [5,27,71]. As already mentioned, the chemical profile released by a cadaver was deeply
investigated by research who highlighted their highly variability [28,33,34,38,40,42], making HRDD
work hard to perform, and the choice of the training aid difficult to make. Dogs must be able to
recognize a wide range of chemical compounds associated to cadavers that may be fresh or putrefied,
entire or torn into pieces, buried or placed under open sky [71]. Gravesoil and cadavers’ clothes seem
to be among the most representative sources of the smell of a decaying corpse, because they accumulate
fluids and are imbued by cadaveric odors [4,90]. When they use cadaver clothes, handlers must pay
attention to choose cotton clothes, because cotton better adsorbs cadaveric VOCs than composite
tissues. Moreover, even if the clothes accumulate the odor released during the decomposition process,
it is hardly recommended that the handler uses textiles associated with a different post-mortem interval
to present to the dogs an overview of the different situation that can be met [4]. Regarding gravesoil
as training aids, one should pay attention to use a control soil to avoid the dog to be trained on
non-targeted chemical substances (related to soil, and not to a cadaver) [90]. The use of cadaver pieces
as training aids (such as bones or flesh) should be avoided. They are not just difficult to obtain; they also
do not cover the entire diversity of volatile chemicals released by a cadaver [28]. In addition, the use of
cadaver pieces as aids make them unavailable for the court to perform additional analyses, and the
preservation of forensic evidences can be compromised [91]. A solution could be the use of human
surrogate model. However, animal decomposition leads to different volatile signatures among species.
The cadaveric volatile compounds released by decaying pigs are, for instance, different from those
released by decaying human bodies [36,92]. Among the most reliable solution of training aids lies the
Scent Transfer Unit 100TM (STU-100), which allows to trap the scent of a decaying corpse by pulling
the surrounding headspace air. The air passes through a gauze which traps the volatile molecules and
can then be used as training aids. This technique does not compromise the integrity of the material
(e.g., corpses, clothes, soil) and meets ethical and biohazard recommendations. It provides a reliable
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training aid because it is representative of a dead body, adsorbing 60 to 85% of the total post-mortem
VOC profile [93]. Commercial aids, also called synthetics aids, are not representative and reliable,
because they do not contain compounds that have been previously reported within the headspace of
human decaying bodies [27].

Our survey revealed that handlers mostly use human origin aids which is in accordance with the
scientific recommendations. However, they also meet biohazard and ethics problems. Those who use
a human surrogate model to train their dogs have to face to the potential differences existing between
these model and human corpses. None of the handlers mentioned the use of commercial aids. In our
opinion, developing a reliable synthetic aid is a promising perspective that would ease the training
efforts of HRDD brigades. It requires a fine characterization of human post-mortem volatilome, and the
identification of its key components, common to any decomposing corpse [29]. HRDD olfaction should
also be better understood to avoid including compounds that cannot be perceived by the dog olfactory
system. We recommend further researches to identify the chemical compounds that can be perceived
by HRDDs, and to provide the composition of a synthetic training aid that would be cheap, easy to
make, and lead to high levels of performance [27,89,90,94].

5. Conclusions

In addition to the recommendations made above, we suggest some perspective of research and
suggestions to the HRDD brigades.

First, there is a lack of validated methods to be applied regarding the selection of puppies.
We suggest the existing methods of selection to be validated. A selection method based on anatomical,
olfactory, and behavioral traits should be developed. As no quantifiable data were recorded during the
selection performed by handlers, this method should include measurable data to avoid subjectivity
and to allow dog handlers to select the most promising individuals. So far, no bio markers indicating a
potential good detection dog are available. One should therefore investigate the possibility to use,
during the dog selection, biomarkers associated with high dog’s performances. To validate methods or
potential biomarkers, it is important to develop a protocol for measuring dog performances. As no
consortium is dealing with the vocabulary used to describe behavioral traits of detection dogs, we also
recommend a common agreement on the vocabulary to be used.

Regarding training procedures, one should compare the impact of conditioning methods
(including the use of clickers) on HRDDs’ performances. The olfactory aids used during the training of
HRDD are of prime importance. The impact of the composition of a HRDD training aid (biological or
synthetic) on the dog performance has never been evaluated. In our opinion, the development of
a synthetic aid mimicking the human cadaver volatilome is most likely one of the most promising
perspective, as this would provide handlers with a training tool that is reliable, ethical, easy to obtain
and use.

Author Contributions: Conceptualization, C.M., C.D. and EV.; methodology, C.M., C.D. and EV,; validation, C.D.
and EV,; formal analysis, C.M.; investigation, C.M.; data curation, C.M.; writing—original draft preparation,
C.M,; writing—review and editing, C.M., C.D. and EV,; supervision, EV. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We thank the Belgian cadaver dog handlers for their advices and help while preparing and
distributing the survey. We thank Shary Forbes and Lens Ferenc (belonging to Kynopol) for supporting the
dissemination of the survey. We also thank all handlers/brigades that responded to the survey.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Rebmann, A.; David, E.; Sorg, M. Cadaver Dog Handbook; Press, C., Ed.; CRC Press: New York, NY, USA, 2000;
ISBN 0849318866.



Animals 2020, 10, 1219 15 of 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Komar, D. The Use of Cadaver Dogs in Locating Scattered, Scavenged Human Remains: Preliminary Field
Test Results. |. Forensic Sci. 1999, 44, 405-408. [CrossRef] [PubMed]

Migala, A.F,; Brown, S.E. Use of human remains detection dogs for wide area search after wildfire: A new
experience for texas task force 1 search and rescue resources. Wilderness Environ. Med. 2012, 23, 337-342.
[CrossRef] [PubMed]

Nizio, K.D.; Ueland, M.; Stuart, B.H.; Forbes, S.L. The analysis of textiles associated with decomposing
remains as a natural training aid for cadaver-detection dogs. Forensic Chem. 2017, 5, 33—45. [CrossRef]
Oesterhelweg, L.; Krober, S.; Rottmann, K.; Willhoft, J.; Braun, C.; Thies, N.; Piischel, K.; Silkenath, J.; Gehl, A.
Cadaver dogs—A study on detection of contaminated carpet squares. Forensic Sci. Int. 2008, 174, 35-39.
[CrossRef] [PubMed]

Riezzo, I; Neri, M.; Rendine, M.; Bellifemina, A.; Cantatore, S.; Fiore, C.; Turillazzi, E. Cadaver dogs:
Unscientific myth or reliable biological devices? Forensic Sci. Int. 2014, 244, 213-221. [CrossRef]

Rust, L.T.; Nizio, K.D.; Wand, M.P; Forbes, S.L. Investigating the detection limits of scent-detection dogs to
residual blood odour on clothing. Forensic Chem. 2018, 9, 62-75. [CrossRef]

Van Denhouwe, B.; Schotsmans, E.M.]. DVI Belgium: Victim Identification and Necrosearch. Forensic Archaeol.
A Glob. Perspect. 2014, 9-17. [CrossRef]

Quignon, P.; Rimbault, M.; Robin, S.; Galibert, F. Genetics of canine olfaction and receptor diversity.
Mamm. Genome 2012, 23, 132-143. [CrossRef]

Frederickx, C.; Verheggen, E]J.; Haubruge, E. Biosensors in forensic sciences. Biotechnol. Agron. Soc. Environ.
2011, 15, 449-458.

Hall, N.J.; Smith, D.W.; Wynne, C.D.L. Training domestic dogs (Canis lupus familiaris) on a novel discrete
trials odor-detection task. Learn. Motiv. 2013, 44, 218-228. [CrossRef]

Harper, RJ.; Furton, K.G. Biological detection of explosives. In Counterterrorist Detection Techniques of
Explosives; Elsevier Science B.V.: Amsterdam, The Netherlands, 2007; pp. 395431, ISBN 9780444522047
Rendine, M.; Fiore, C.; Bertozzi, G.; De Carlo, D.; Filetti, V.; Fortarezza, P.; Riezzo, I. Decomposing Human
Blood: Canine Detection Odor Signature and Volatile Organic Compounds. ]. Forensic Sci. 2018, 1-6.
[CrossRef] [PubMed]

Sacharczuk, M.; Walczak, M.; Adamkiewicz, E.; Walasek, A.; Ensminger, J.; Presch, M.; Jezierski, T.
Polymorphism of olfactory and neurotransmitters receptor genes in drug and explosives detection dogs can
be associated with differences in detection performance. Appl. Anim. Behav. Sci. 2019, 215, 52-60. [CrossRef]
Chen, R; Irwin, D.M.; Zhang, Y.P. Differences in selection drive olfactory receptor genes in different directions
in dogs and wolf. Mol. Biol. Evol. 2012, 29, 3475-3484. [CrossRef]

Lesniak, A.; Walczak, M.; Jezierski, T.; Sacharczuk, M.; Gawkowski, M.; Jaszczak, K. Canine olfactory receptor
gene polymorphism and its relation to odor detection performance by sniffer dogs. . Hered. 2008, 99, 518-527.
[CrossRef]

Mombaerts, P.; Wang, F.; Dulac, C.; Chao, S.K.; Nemes, A.; Mendelsohn, M.; Edmondson, J.; Axel, R.
Visualizing an Olfactory Sensory Map. Cell 1965, 18, 385-387. [CrossRef]

Quignon, P; Giraud, M.; Rimbault, M.; Lavigne, P.; Tacher, S.; Morin, E.; Retout, E.; Valin, A.S,;
Lindblad-Toh, K.; Nicolas, J.; et al. The dog and rat olfactory receptor repertoires. Genome Biol. 2005, 6.
[CrossRef] [PubMed]

Beebe, S.C.; Howell, T.].; Bennett, P.C. Using Scent Detection Dogs in Conservation Settings: A Review of
Scientific Literature Regarding Their Selection. Front. Vet. Sci. 2016, 3, 1-13. [CrossRef] [PubMed]

Polgar, Z.; Kinnunen, M.; Ujvary, D.; Mikl6si, A.; Gacsi, M.; Ujvéry, D.; Miklési, A.; Gacsi, M. A test of canine
olfactory capacity: Comparing various dog breeds and wolves in a natural detection task. PLoS ONE 2016,
11, 1-14. [CrossRef] [PubMed]

Tomkins, L.M.; Thomson, P.C.; McGreevy, P.D. Behavioral and physiological predictors of guide dog success.
J. Vet. Behav. Clin. Appl. Res. 2011, 6, 178-187. [CrossRef]

Wilsson, E.; Sundgren, P.E. The use of a behaviour test for the selection of dogs for service and breeding, I:
Method of testing and evaluating test results in the adult dog, demands on different kinds of service dogs,
sex and breed differences. Appl. Anim. Behav. Sci. 1997, 53, 279-295. [CrossRef]

Coppinger, R.; Coppinger, L.; Skillings, E. Observation on assistance dog training and use. J. Appl. Anim.
Welf. Sci. 1998, 1, 133-144. [CrossRef] [PubMed]


http://dx.doi.org/10.1520/JFS14474J
http://www.ncbi.nlm.nih.gov/pubmed/10097372
http://dx.doi.org/10.1016/j.wem.2012.05.005
http://www.ncbi.nlm.nih.gov/pubmed/23062321
http://dx.doi.org/10.1016/j.forc.2017.06.002
http://dx.doi.org/10.1016/j.forsciint.2007.02.031
http://www.ncbi.nlm.nih.gov/pubmed/17403590
http://dx.doi.org/10.1016/j.forsciint.2014.08.026
http://dx.doi.org/10.1016/j.forc.2018.05.002
http://dx.doi.org/10.1002/9781118745977.ch2
http://dx.doi.org/10.1007/s00335-011-9371-1
http://dx.doi.org/10.1016/j.lmot.2013.02.004
http://dx.doi.org/10.1111/1556-4029.13901
http://www.ncbi.nlm.nih.gov/pubmed/30176172
http://dx.doi.org/10.1016/j.applanim.2019.04.006
http://dx.doi.org/10.1093/molbev/mss153
http://dx.doi.org/10.1093/jhered/esn057
http://dx.doi.org/10.1016/S0092-8674(00)81387-2
http://dx.doi.org/10.1186/gb-2005-6-10-r83
http://www.ncbi.nlm.nih.gov/pubmed/16207354
http://dx.doi.org/10.3389/fvets.2016.00096
http://www.ncbi.nlm.nih.gov/pubmed/27840815
http://dx.doi.org/10.1371/journal.pone.0154087
http://www.ncbi.nlm.nih.gov/pubmed/27152412
http://dx.doi.org/10.1016/j.jveb.2010.12.002
http://dx.doi.org/10.1016/S0168-1591(96)01174-4
http://dx.doi.org/10.1207/s15327604jaws0102_4
http://www.ncbi.nlm.nih.gov/pubmed/16363977

Animals 2020, 10, 1219 16 of 19

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Feng, L.C.; Howell, T.J.; Bennett, PC. How clicker training works: Comparing Reinforcing, Marking,
and Bridging Hypotheses. Appl. Anim. Behav. Sci. 2016, 181, 34—40. [CrossRef]

Ziv, G. The effects of using aversive training methods in dogs—A review. J. Vet. Behav. Clin. Appl. Res. 2017,
19, 50-60. [CrossRef]

Harper, RJ.; Almirall, ].R.; Furton, K.G. Identification of dominant odor chemicals emanating from explosives
for use in developing optimal training aid combinations and mimics for canine detection. Talanta 2005, 67,
313-327. [CrossRef] [PubMed]

Stadler, S.; Stefanuto, P.-H.; Byer, J.D.; Brokl, M.; Forbes, S.L.; Focant, J.-F. Analysis of synthetic canine
training aids by comprehensive two-dimensional gas chromatography-time of flight mass spectrometry.
J. Chromatogr. A 2012, 1255, 202-206. [CrossRef]

Dekeirsschieter, J.; Stefanuto, P-H.; Brasseur, C.; Haubruge, E.; Focant, ].-F. Enhanced characterization of the
smell of death by comprehensive two-dimensional gas chromatography-time-of-flight mass spectrometry
(GCxGC-TOFMS). PLoS ONE 2012, 7. [CrossRef] [PubMed]

Martin, C.; Verheggen, F. Odour profile of human corpses: A review. Forensic Chem. 2018, 10, 27-36. [CrossRef]
Focant, J.-F; Stefanuto, P.-H.; Brasseur, C.; Dekeirsschieter, J.; Haubruge, E.; Schotsmans, E.M.].; Wilson, A.S.;
Stadler, S.; Forbes, S.L. Forensic cadaveric decomposition profiling by GCxGC-TOFMS analysis of VOCs.
Kazakh Bull. Chem. Ser. 2013, 4, 177-186. [CrossRef]

Perrault, K.A.; Nizio, K.D.; Forbes, S.L. A Comparison of One-Dimensional and Comprehensive
Two-Dimensional Gas Chromatography for Decomposition Odour Profiling Using Inter-Year Replicate Field
Trials. Chromatographia 2015, 78, 1057-1070. [CrossRef]

Stefanuto, P-H.; Perrault, K.A.; Stadler, S.; Pesesse, R.; Leblanc, H.N.; Forbes, S.L.; Focant, J.-F.
GC x GC-TOFMS and supervised multivariate approaches to study human cadaveric decomposition
olfactive signatures. Anal. Bioanal. Chem. 2015, 407, 4767-4778. [CrossRef]

Agapiou, A.; Zorba, E.; Mikedi, K.; McGregor, L.; Spiliopoulou, C.; Statheropoulos, M. Analysis of volatile
organic compounds released from the decay of surrogate human models simulating victims of collapsed
buildings by thermal desorption-comprehensive two-dimensional gas chromatography-time of flight mass
spectrometry. Anal. Chim. Acta 2015, 883, 99-108. [CrossRef]

Dekeirsschieter, J.; Verheggen, EJ.; Gohy, M.; Hubrecht, F.; Bourguignon, L.; Lognay, G.; Haubruge, E.
Cadaveric volatile organic compounds released by decaying pig carcasses (Sus domesticus L.) in different
biotopes. Forensic Sci. Int. 2009, 189, 46-53. [CrossRef]

Janaway, R.C.; Percival, S.L.; Wilson, A.S. Decomposition of human remains. In Microbiology and Aging;
Humana Press: New York, NY, USA, 2009; pp. 275-289, ISBN 978-1-58829-640-5.

Rosier, E.; Loix, S.; Develter, W.; Van de Voorde, W.; Tytgat, J.; Cuypers, E. Time-dependent VOC-profile of
decomposed human and animal remains in laboratory environment. Forensic Sci. Int. 2016, 266, 164-169.
[CrossRef]

Cernosek, T.; Eckert, K.E.; Carter, D.O.; Perrault, K.A. Volatile Organic Compound Profiling from Postmortem
Microbes using Gas Chromatography—-Mass Spectrometry. J. Forensic Sci. 2019. [CrossRef]

Dubois, L.M.; Stefanuto, PH.; Perrault, K.A.; Delporte, G.; Delvenne, P.; Focant, ].F. Comprehensive Approach
for Monitoring Human Tissue Degradation. Chromatographia 2019. [CrossRef]

Finley, S.J.; Benbow, M.E.; Javan, G.T. Microbial communities associated with human decomposition and
their potential use as postmortem clocks. Int. J. Legal Med. 2015, 129, 623—-632. [CrossRef] [PubMed]
Martin, C.; Vanderplanck, M.; Boullis, A.; Haubruge, E.; Verheggen, F. Impact of necrophagous insects on the
emission of volatile organic compounds released during the decaying process. Entomol. Gen. 2019, 39, 19-31.
[CrossRef]

Statheropoulos, M.; Agapiou, A.; Zorba, E.; Mikedi, K.; Karma, S.; Pallis, G.C.; Eliopoulos, C.; Spiliopoulou, C.
Combined chemical and optical methods for monitoring the early decay stages of surrogate human models.
Forensic Sci. Int. 2011, 210, 154-163. [CrossRef]

Martin, C.; Verheggen, F. Behavioural response of Lucilia sericata to a decaying body infested by necrophagous
insects. Physiol. Entomol. 2018. [CrossRef]

Cobb, M.; Branson, N.; McGreevy, P; Lill, A.; Bennett, P. The advent of canine performance science: Offering
a sustainable future for working dogs. Behav. Process. 2015, 110, 96-104. [CrossRef]

Hayes, J.E.E.; McGreevy, PD.D.; Forbes, S.L.L.; Laing, G.; Stuetz, RM.M. Critical review of dog detection and the
influences of physiology, training, and analytical methodologies. Talanta 2018, 185, 499-512. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.applanim.2016.05.012
http://dx.doi.org/10.1016/j.jveb.2017.02.004
http://dx.doi.org/10.1016/j.talanta.2005.05.019
http://www.ncbi.nlm.nih.gov/pubmed/18970171
http://dx.doi.org/10.1016/j.chroma.2012.04.001
http://dx.doi.org/10.1371/journal.pone.0039005
http://www.ncbi.nlm.nih.gov/pubmed/22723918
http://dx.doi.org/10.1016/j.forc.2018.07.002
http://dx.doi.org/10.15328/chemb_2013_4177-186
http://dx.doi.org/10.1007/s10337-015-2916-9
http://dx.doi.org/10.1007/s00216-015-8683-5
http://dx.doi.org/10.1016/j.aca.2015.04.024
http://dx.doi.org/10.1016/j.forsciint.2009.03.034
http://dx.doi.org/10.1016/j.forsciint.2016.05.035
http://dx.doi.org/10.1111/1556-4029.14173
http://dx.doi.org/10.1007/s10337-019-03710-3
http://dx.doi.org/10.1007/s00414-014-1059-0
http://www.ncbi.nlm.nih.gov/pubmed/25129823
http://dx.doi.org/10.1127/entomologia/2019/0663
http://dx.doi.org/10.1016/j.forsciint.2011.02.023
http://dx.doi.org/10.1111/phen.12244
http://dx.doi.org/10.1016/j.beproc.2014.10.012
http://dx.doi.org/10.1016/j.talanta.2018.04.010
http://www.ncbi.nlm.nih.gov/pubmed/29759233

Animals 2020, 10, 1219 17 of 19

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Jamieson, L.T.J.; Baxter, G.S.; Murray, PJ. Identifying suitable detection dogs. Appl. Anim. Behav. Sci. 2017,
195, 1-7. [CrossRef]

Jezierski, T.; Adamkiewicz, E.; Walczak, M.; Sobczyriska, M.; Gorecka-Bruzda, A.; Ensminger, J.; Papet, E.
Efficacy of drug detection by fully-trained police dogs varies by breed, training level, type of drug and search
environment. Forensic Sci. Int. 2014, 237, 112-118. [CrossRef] [PubMed]

Kerley, L.L.; Salkina, G.P. Using Scent-Matching Dogs to Identify Individual Amur Tigers from Scats.
J. Wildl. Manag. 2007, 71, 1349-1356. [CrossRef]

Hussein, A.K.; Sullivan, M.; Penderis, J. Effect of brachycephalic, mesaticephalic, and dolichocephalic head
conformations on olfactory bulb angle and orientation in dogs as determined by use of in vivo magnetic
resonance imaging. Am. J. Vet. Res. 2012, 73, 946-951. [CrossRef] [PubMed]

Smith, D.A.; Ralls, K.; Hurt, A.; Adams, B.; Parker, M.; Davenport, B.; Smith, M.C.; Maldonado, J.E.
Detection and accuracy rates of dogs trained to find scats of San Joaquin kit foxes (Vulpes macrotis mutica).
Anim. Conserv. 2003, 6, 339-346. [CrossRef]

Leigh, K.A.; Dominick, M. An assessment of the effects of habitat structure on the scat finding performance
of a wildlife detection dog. Methods Ecol. Evol. 2015, 6, 745-752. [CrossRef]

Sinn, D.L.; Gosling, S.D.; Hilliard, S. Personality and performance in military working dogs: Reliability and
predictive validity of behavioral tests. Appl. Anim. Behav. Sci. 2010, 127, 51-65. [CrossRef]

Hurt, A.; Smith, D. Conservation dogs. In Canine Ergonomics; Helton, W., Ed.; CRC Press: London, UK, 2009;
pp. 175-194.

Chesney, C.J. The microclimate of the canine coat: The effects of heating on coat and skin temperature and
relative humidity. Vet. Dermatol. 1997, 8, 183-190. [CrossRef]

Reed, S.E.; Bidlack, A.L.; Hurt, A.; Getz, W.M. Detection distance and environmental factors in conservation
detection dog surveys. J. Wildl. Manag. 2011, 75, 243-251. [CrossRef]

Bulanda, S. Ready! Training the Search and Rescue Dog, 2nd ed.; Book, K.C., Ed.; Companion House Books:
Mount Joy, PA, USA, 2010.

Rooney, N.J.; Bradshaw, J.W.S. Breed and sex differences in the behavioural attributes of specialist search
dogs—A questionnaire survey of trainers and handlers. Appl. Anim. Behav. Sci. 2004, 86, 123-135. [CrossRef]
Moore, G.E.; Burkman, K.D.; Carter, M.N.; Peterson, M.R. Causes of death or reasons for euthanasia in
military working dogs: 927 cases (1993-1996). |. Am. Vet. Med. Assoc. 2001, 219, 209-214. [CrossRef]
Brady, K.; Cracknell, N.; Zulch, H.; Mills, D.S. Factors associated with long-term success in working police
dogs. Appl. Anim. Behav. Sci. 2018, 207, 67-72. [CrossRef]

Thrailkill, E.A.; Porritt, E; Kacelnik, A.; Bouton, M.E. Maintaining performance in searching dogs: Evidence
from a rat model that training to detect a second (irrelevant) stimulus can maintain search and detection
responding. Behav. Process. 2018, 157, 161-170. [CrossRef] [PubMed]

Tacher, S.; Quignon, P.; Rimbault, M.; Dreano, S.; Andre, C.; Galibert, F. Olfactory receptor sequence
polymorphism within and between breeds of dogs. J. Hered. 2005, 96, 812-816. [CrossRef] [PubMed]
Dahlgren, D.K.; Elmore, R.D.; Smith, D.A.; Hurt, A.; Arnett, E.B.; Connelly, ].W. Use of dogs in wildlife
research and management. In The Wildlife Techniques Manual, 7th ed.; The John Hopkins University Press:
Baltimore, MD, USA, 2011; pp. 140-153.

Craven, B.A,; Paterson, E.G.; Settles, G.S. The fluid dynamics of canine olfaction: Unique nasal airflow
patterns as an explanation of macrosmia. J. R. Soc. Interface 2010, 7, 933-943. [CrossRef] [PubMed]
Lazarowski, L.; Haney, P.S.; Brock, J.; Fisher, T.; Rogers, B.; Angle, C.; Katz, ].S.; Waggoner, L.P. Investigation of
the Behavioral characteristics of Dogs Purpose- Bred and Prepared to Perform Vapor Wake® Detection of
Person-Borne explosives. Front. Vet. Sci. 2018, 20. [CrossRef]

Jenkins, D.; Watson, A.; Miller, G. Population studies on red grouse, Lagopus lagopus scoticus (Lath.) in
north-east Scotland. J. Anim. Ecol. 1963, 32, 317-376. [CrossRef]

Bray, E.E.; Levy, KM.; Kennedy, B.S.; Duffy, D.L.; Serpell, ].A.; MacLean, E.L. Predictive Models of Assistance
Dog Training Outcomes Using the Canine Behavioral Assessment and Research Questionnaire and a
Standardized Temperament Evaluation. Front. Vet. Sci. 2019, 6. [CrossRef]

Weiss, E.; Greenberg, G. Service dog selection tests: Effectiveness for dogs from animal shelters. Appl. Anim.
Behav. Sci. 1997, 53, 297-308. [CrossRef]

Diederich, C.; Giffroy, ].M. Behavioural testing in dogs: A review of methodology in search for standardisation.
Appl. Anim. Behav. Sci. 2006, 97, 51-72. [CrossRef]


http://dx.doi.org/10.1016/j.applanim.2017.06.010
http://dx.doi.org/10.1016/j.forsciint.2014.01.013
http://www.ncbi.nlm.nih.gov/pubmed/24631776
http://dx.doi.org/10.2193/2006-361
http://dx.doi.org/10.2460/ajvr.73.7.946
http://www.ncbi.nlm.nih.gov/pubmed/22738044
http://dx.doi.org/10.1017/S136794300300341X
http://dx.doi.org/10.1111/2041-210X.12374
http://dx.doi.org/10.1016/j.applanim.2010.08.007
http://dx.doi.org/10.1046/j.1365-3164.1997.d01-12.x
http://dx.doi.org/10.1002/jwmg.8
http://dx.doi.org/10.1016/j.applanim.2003.12.007
http://dx.doi.org/10.2460/javma.2001.219.209
http://dx.doi.org/10.1016/j.applanim.2018.07.003
http://dx.doi.org/10.1016/j.beproc.2018.09.012
http://www.ncbi.nlm.nih.gov/pubmed/30273753
http://dx.doi.org/10.1093/jhered/esi113
http://www.ncbi.nlm.nih.gov/pubmed/16251519
http://dx.doi.org/10.1098/rsif.2009.0490
http://www.ncbi.nlm.nih.gov/pubmed/20007171
http://dx.doi.org/10.3389/fvets.2018.00050
http://dx.doi.org/10.2307/2598
http://dx.doi.org/10.3389/fvets.2019.00049
http://dx.doi.org/10.1016/S0168-1591(96)01176-8
http://dx.doi.org/10.1016/j.applanim.2005.11.018

Animals 2020, 10, 1219 18 of 19

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.
85.

86.

87.

88.

89.

90.

91.

Jenkins, E.K.; DeChant, M.T.; Perry, E.B. When the nose doesn’t know: Canine olfactory function associated
with health, management, and potential links to microbiota. Front. Vet. Sci. 2018, 5. [CrossRef] [PubMed]
Brownell, D.A.; Marsolais, M. The Brownell-Marsolais scale: A proposal for the quantitative evaluation of
SAR/Disaster K9 Candidates. Adv. Rescue Technol. 2000, 57-67. [CrossRef]

Ben Alexander, M.; Friend, T.; Haug, L. Obedience training effects on search dog performance. Appl. Anim.
Behav. Sci. 2011, 132, 152-159. [CrossRef]

DeGreeff, L.E.; Weakley-Jones, B.; Furton, K.G. Creation of training aids for human remains detection canines
utilizing a non-contact, dynamic airflow volatile concentration technique. Forensic Sci. Int. 2012, 217, 32-38.
[CrossRef] [PubMed]

Larson, D.O,; Vass, A.A.; Wise, M. Advanced Scientific Methods and Procedures in the Forensic Investigation
of Clandestine Graves. J. Contemp. Crim. Justice 2011, 27, 149-182. [CrossRef]

Christiansen, F.; Bakken, M.; Braastad, B. Behavioural differences between three breed groups of hunting
dogs confronted with domestic sheep. Appl. Anim. Behav. Sci. 2001, 72, 115-129. [CrossRef]

Cablk, M.E.; Heaton, ].S. Accuracy and reliability of dogs in surveying for desert tortoise (Gopherus agassizii).
Ecol. Appl. 2006, 16, 1926-1935. [CrossRef]

Branson, N.; Cobb, M.; McGreevy, P. 2009. Australian Working Dog Survey Report; Australian Government
Department of Agriculture, Fisheries and Forestry: Canbera, Australia, February 2010.

Early, ].B.; Arnott, E.R.; Wade, C.M.; McGreevy, P.D. Manual muster: A critical analysis of the use of common
terms in Australian working dog manuals. J. Vet. Behav. Clin. Appl. Res. 2014, 9, 370-374. [CrossRef]
Gécsi, M.; Gyoori, B.; Viranyi, Z.; Kubinyi, E.; Range, F; Belényi, B.; Mikl6si, A. Explaining Dog Wolf
Differences in Utilizing Human Pointing Gestures: Selection for Synergistic Shifts in the Development of
Some Social Skills. PLoS ONE 2009, 4, e6584. [CrossRef]

Rooney, N.; Gaines, S.; Hiby, E. A practitioner’s guide to working dog welfare. J. Vet. Behav. Clin. Appl. Res.
2009, 4, 127-134. [CrossRef]

Lopes, B.; Alves, J.; Santos, A.; Pereira, G.D.G. Effect of a stimulating environment during the socialization
period on the performance of adult police working dogs. J. Vet. Behav. Clin. Appl. Res. 2015, 10, 199-203.
[CrossRef]

Duffy, D.L.; Serpell, ].A. Predictive validity of a method for evaluating temperament in young guide and
service dogs. Appl. Anim. Behav. Sci. 2012, 138, 99-109. [CrossRef]

MacLean, E.L.; Hare, B. Enhanced Selection of Assistance and Explosive Detection Dogs Using Cognitive
Measures. Front. Vet. Sci. 2018, 5. [CrossRef] [PubMed]

Cook, PFE; Spivak, M.; Berns, G.S. One pair of hands is not like another: Caudate BOLD response in dogs
depends on signal source and canine temperament. Peer[ 2014, 2, e596. [CrossRef] [PubMed]

Deldalle, S.; Gaunet, F. Effects of 2 training methods on stress-related behaviors of the dog (Canis familiaris)
and on the dog-owner relationship. J. Vet. Behav. Clin. Appl. Res. 2014, 9, 58-65. [CrossRef]

Doré, EY.; Mercier, P. Foundation of learning and cognition. Press. Universtitaire Lille 1992.

Rooney, N.J.; Cowan, S. Training methods and owner-dog interactions: Links with dog behaviour and
learning ability. Appl. Anim. Behav. Sci. 2011, 132, 169-177. [CrossRef]

Blackwell, E.J.; Twells, C.; Seawright, A.; Casey, R.A. The relationship between training methods and the
occurrence of behavior problems, as reported by owners, in a population of domestic dogs. . Vet. Behav.
Clin. Appl. Res. 2008, 3, 207-217. [CrossRef]

Topoleski, ].; Schultz, C.A.; Warren, W.G. Identifying and resolving end of session cues in substance detection
canine training. Front. Vet. Sci. 2018, 5, 1-6. [CrossRef]

Affenzeller, N.; Palme, R.; Zulch, H. Playful activity post-learning improves training performance in Labrador
Retriever dogs (Canis lupus familiaris). Physiol. Behav. 2017, 168, 62-73. [CrossRef] [PubMed]

Hoffman, E.M.; Curran, A.M.; Dulgerian, N.; Stockham, R.A.; Eckenrode, B.A. Characterization of the volatile
organic compounds present in the headspace of decomposing human remains. Forensic Sci. Int. 2009, 186,
6-13. [CrossRef] [PubMed]

Alexander, M.B.; Hodges, T.K.; Bytheway, J.; Aitkenhead-Peterson, ].A. Application of soil in Forensic Science:
Residual odor and HRD dogs. Forensic Sci. Int. 2015, 249, 304-313. [CrossRef] [PubMed]

Caraballo, N.I.; Mendel, J.; Holness, H.K.; La Salvia, J.; Moroose, T.; Eckenrode, B.A.; Stockham, R.A.;
Furton, K.G.; Mills, D.K. An investigation into concurrent collection of human scent and epithelila skin cells
unsing non-contact sampling device. Forensic Sci. Int. 2016, 148-159. [CrossRef]


http://dx.doi.org/10.3389/fvets.2018.00056
http://www.ncbi.nlm.nih.gov/pubmed/29651421
http://dx.doi.org/10.1017/CBO9781107415324.004
http://dx.doi.org/10.1016/j.applanim.2011.04.008
http://dx.doi.org/10.1016/j.forsciint.2011.09.023
http://www.ncbi.nlm.nih.gov/pubmed/22018852
http://dx.doi.org/10.1177/1043986211405885
http://dx.doi.org/10.1016/S0168-1591(00)00202-1
http://dx.doi.org/10.1890/1051-0761(2006)016[1926:AARODI]2.0.CO;2
http://dx.doi.org/10.1016/j.jveb.2014.07.003
http://dx.doi.org/10.1371/annotation/9d7a0174-3068-4c44-bb98-b8a9bc5a99d5
http://dx.doi.org/10.1016/j.jveb.2008.10.037
http://dx.doi.org/10.1016/j.jveb.2015.01.002
http://dx.doi.org/10.1016/j.applanim.2012.02.011
http://dx.doi.org/10.3389/fvets.2018.00236
http://www.ncbi.nlm.nih.gov/pubmed/30338264
http://dx.doi.org/10.7717/peerj.596
http://www.ncbi.nlm.nih.gov/pubmed/25289182
http://dx.doi.org/10.1016/j.jveb.2013.11.004
http://dx.doi.org/10.1016/j.applanim.2011.03.007
http://dx.doi.org/10.1016/j.jveb.2007.10.008
http://dx.doi.org/10.3389/fvets.2018.00206
http://dx.doi.org/10.1016/j.physbeh.2016.10.014
http://www.ncbi.nlm.nih.gov/pubmed/27777045
http://dx.doi.org/10.1016/j.forsciint.2008.12.022
http://www.ncbi.nlm.nih.gov/pubmed/19203852
http://dx.doi.org/10.1016/j.forsciint.2015.01.025
http://www.ncbi.nlm.nih.gov/pubmed/25747330
http://dx.doi.org/10.1016/j.forsciint.2016.05.019

Animals 2020, 10, 1219 19 of 19

92. Rosier, E; Loix, S.; Develter, W.; Van De Voorde, W.; Tytgat, J.; Cuypers, E. The search for a volatile human
specific marker in the decomposition process. PLoS ONE 2015, 10, 1-15. [CrossRef]

93. Eckenrode, B.A.; Ramsey, S.A.; Stockham, R.A.; Van Berkel, G.J.; Asano, K.G.; Wolf, D.A. Performance evaluation
of the Scent Transfer Unit (STU-100) for organic compound collection and release. J. Forensic Sci. 2006, 51, 780-789.
[CrossRef]

94. Jia, H.; Pustovyy, O.M.; Waggoner, P.; Beyers, R.J.; Schumacher, J.; Wildey, C.; Barrett, J.; Morrison, E.;
Salibi, N.; Denney, T.S.; et al. Functional MRI of the olfactory system in conscious dogs. PLoS ONE 2014, 9.
[CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1371/journal.pone.0137341
http://dx.doi.org/10.1111/j.1556-4029.2006.00178.x
http://dx.doi.org/10.1371/journal.pone.0086362
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Selection of Human Remains Detection Dogs 
	Training of Human Remains Detection Dogs 
	Conclusions 
	References

