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Human remains detection dogs (HRDDs) are powerful police assets to locate a corpse. However, methods used to
select and train them are as diverse as the number of countries with such a canine brigade. First, a survey was
sent to human remains searching brigades (N Countries = 10; N Brigades = 16; N Handlers = 50; N questions = 9),
to collect their working habits. It 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 common practices used by HRDDs brigade was then conducted
focusing on HRDDs selection and training procedures. We highlighted that HRDD handlers explained to select
their dogs by focusing on behavioral traits while neglecting anatomical features, which have shown their
importance. Most HRDD handlers reported to use a reward-based training, which is in accordance with training
literature for dogs. Olfactory 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 olfactory 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. Definition

Human remains detection dogs (HRDDs), also called cadaver dogs, are powerful police assets to locate
decaying corpses. They have been already defined by A. Rebmann et al as “canines specially
trained to find human decomposition scent and alert their handler to its location” L. 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 LIS Operations during which
HRDDS are used are gathered under the term necrosearchl&l.

| 2. Introduction

During dog domestication, humans have selected individuals upon their olfactory abilities, which were particularly
important to the development of hunting dog breeds [&. As a result, today’s breeds of working dogs show accurate,
sensitive, and reliable olfactory abilities [EI[2QILLI12I13]114] pogs are able to recognize several hundred compounds

due to a wide diversity of olfactory receptor cells present in their olfactory epitheliumIL3IA4IIEIAT] |n gddition,
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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, due to e.g., their head

conformation, their olfactory sensibility, or the polymorphism of their olfactory receptor genes [121[8][12][13][14][18][19]

The diversify of the HRDDs' working environments requires dogs with specific skills. Handlers would benefit from
identifying morphological, olfactory, and behavioral traits that indicate a dog’s suitability to become a HRDD.
However, poor information is available regarding the selection of HRDDs, including those traits and their

procedures as the scientific literature mainly focuses on the selection of service dogs 2921,

The training of detection dogs relies on the quality of the available olfactory training aids!22. HRDDs should be
trained with aids that mimic the smell of any human cadaver. However, characterization of the volatile organic
compounds released by human corpses are scarce as they are complicated to carry out [22l. Some training aids are
available on the market but were shown to be unrepresentative of the smell of a real decaying corpse, which
seems logical as regard to the lack of information thereabout24l, 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 [2126127][28]29]  As g result, the volatile chemical cues released during the
decomposition process differ greatly from one case to another [4l231271129]30] ' making it difficult to provide HRDDs'’

handlers with olfactory training aids mimicking human decomposition.

| 3. Selection and Training of Human Remains Detection Dogs

Selection - Based on a survey sent to 50 handlers from 16 brigades affiliated to Kynopol, no standardized
procedures to select dogs within a litter were highlighted. 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). The survey
highlighted that handlers usually select puppies within the same breed (Figure 1) but none of them declared to
select their dogs based on olfactory traits and they were almost entirely unaware of any morphological traits.
However, the scientific literature mentioned some morphological, olfactory and behavioral traits as very important
to take into account during the selection of future HRDDs. Regarding morphological traits, handlers should select
agile dogs to move easily in rough fields with a steady stamina for long-lasting performancesilll, |n addition, the
body size and the fur length should be taken into account as they were shown to be directly linked to the dogs
thermoregulation232183134] - Regarding olfactory traits, it was demonstrated that the dog's head conformation
was directly linked to its olfaction efficiency2238]. Finally, the behavioral traits that were highlighted by previous
researches to be important are a high dog drives to ease the training and [28lE738] (handlers declared to look for
this trait too) and a high nerve strength to allow the dog to deal with stressful situations8E7Z. No selection
procedures were found in the literature and even if several selection procedures might be applied to HRDDs,
different works require different skills. We therefore strongly recommend to develop specific HRDDs' selection

procedure based on abovementioned traits.
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Figure 1. Proportion of breeds currently used as human remains detection dogs based on a survey completed by

ten brigades from Europe and Canada.

Training - During their training sessions, most surveyed handlers declared using reinforcement rather than

punishment (Figure 2). A minority of them, however, still mentioned the practice of punishments (Figure 2). 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 those rewards. Handlers did

not explain how their training sessions are organized. No information was provided about the procedure to end a

training session.
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Figure 2. 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
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used (light grey: punishment, dark grey: reinforcement).

Stimuli, also called aids, used during the specialized olfactory training were very different among surveyed teams
(Figure 3). The latter reported to only use homemade biological aids (mainly of human origin or swine origin).

Commercial olfactory aids available are not used by surveyed handlers.

8 4 0

= Human fluids on gauze == Headspace human cadaver gauze == Clothes of human cadaver
Hurnan gravesoil = Human Bones ™= HumanTeeth ™= Animal fluid on gauze
™= Commercial kits

Figure 3. 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. (N Countries = 10; N Brigades = 16; N Handlers = 50; N questions = 9)

Training — Documented HRDDs' training methods were scarce. When available, they focused on case
studies¥ and none of them were associated with an evaluation of the dog's performances and behavioral
outcomes. 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 provides
the higher benefit B4 A positive reinforcement strategy allowed the establishment of a strong dog-handler
relationship, while negative reinforcement was associated with distraction and lower obedience 2. Despite these
observations, the type of reinforcement remains a matter of debate among surveyed handlers: it is still unclear
whether aversive and reward-based methods led to different levels of performance in working dogs 3. Training
methods used to reinforce HRDDs are important. However, the the end-of-training procedure was seen to be at
least as important as the training procedure itself. In a recent publication 42!, 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. EoOSC 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 is not applied, some dog's behavioral responses might unintentionally be reinforced.

For instance, going back to the crate immediately after a training session could be considered by the dog as a
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punishment, resulting in a decrease in its performances. Instead a training session should end in a positive way, for
example by a playing period#243l. There is a wide diversity of olfactory materials to train HRDDs, including
biological and synthetic aids [23l. As far as the authors know, no publication comparing the efficiency of various
olfactory training aids on dogs’ performances is available. However, based on chemical analyses, scientists seem
to agree that the biological olfactory aids are the most efficient and reliable ones to train HRDDs 24! put difficult
to obtain due to ethics, legislation, and biohazard risk for both human and dogs (3231 commercial aids, also called
synthetics aids, were identified as unrepresentative and unreliable, because they do not contain compounds that

have been previously reported within the headspace of human decaying bodies 23],

Our survey revealed that handlers mostly use human origin aids which is in accordance with the scientific
recommendations. However, they also meet biohazard and ethical problems. Those who use a human surrogate
model to train their dogs have to face to the potential differences existing between these models 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 [24],

| 4. Conclusion

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

First, there is a lack of validated methods regarding the selection of HRDDs puppies. We suggest to validate the
existing methods of selection and to develop a new selection method based on anatomical, olfactory, and
behavioral traits. As surveyed handlers declared not to record quantifiable data during the selection, this new
method should include measurable data to avoid subjectivity and to select the most promising individuals. So far,
no biomarkers 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.

Regarding training procedures, one should compare the impact of conditioning methods (including clicker training)
and the type of olfactory aids on HRDDs' performances. 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 likely one of the most promising perspectives, as this

would provide handlers with a training tool that is reliable, ethical, easy to obtain and to use.

References

https://encyclopedia.pub/entry/1464 5/9



Human Remains Detection Dogs | Encyclopedia.pub

10.

11.

12.

13.

. Rebmann, A.; David, E.; Sorg, M.. Cadaver Dog Handbook; Press, CRC, Eds.; Coope, Judith:

New york, 2000; pp. 196.

. Komar, D. The Use of Cadaver Dogs in Locating Scattered, Scavenged Human Remains:

Preliminary Field Test Results. J. Forensic Sci. 1999, 44, 405—-408.

. 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.

. 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

. Oesterhelweg, L.; Krober, S.; Rottmann, K.; Willhoft, J.; Braun, C.; Thies, N.; Pischel, K.;

Silkenath, J.; Gehl, A. Cadaver dogs—A study on detection of contaminated carpet squares.
Forensic Sci. Int. 2008, 174, 35-39.

. Riezzo, |.; 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.

. 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.

. Frederickx, C.; Verheggen, F.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.

Harper, R.J.; Furton, K.G. Biological detection of explosives. In Counterterrorist Detection
Techniques of Explosives; Elsevier Science B.V.: Amsterdam, The Netherlands, 2007; pp. 395—
431, 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.
J. Forensic Sci. 2018, 1-6.

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.

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

https://encyclopedia.pub/entry/1464 6/9



Human Remains Detection Dogs | Encyclopedia.pub

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

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. J. Hered. 2008, 99, 518-527.

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

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

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

Beebe, S.C.; Howell, T.J.; 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.

Polgar, Z.; Kinnunen, M.; Ujvary, D.; Miklosi, A.; Gacsi, M.; Ujvary, D.; Miklosi, 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

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.

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.

Harper, R.J.; Almirall, J.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.

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.

Martin, C.; Verheggen, F. Odour profile of human corpses: A review. Forensic Chem. 2018, 10,
27-36.

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.

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.

https://encyclopedia.pub/entry/1464 7/9



Human Remains Detection Dogs | Encyclopedia.pub

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

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

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.

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.

Dekeirsschieter, J.; Stefanuto, P.-H.; Brasseur, C.; Haubruge, E.; Focant, J.-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.

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. [

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.

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

Dahlgren, D.K.; Elmore, R.D.; Smith, D.A.; Hurt, A.; Arnett, E.B.; Connelly, J.W. Use of dogs in
wildlife research and management. In The Wildlife Techniqgues 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.

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

Lazarowski, L.; Haney, P.S.; Brock, J.; Fisher, T.; Rogers, B.; Angle, C.; Katz, J.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.

Deldalle, S.; Gaunet, F. Eects 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.

Doré, F.Y.; Mercier, P. Foundation of learning and cognition. Press. Universtitaire Lille

https://encyclopedia.pub/entry/1464 8/9



Human Remains Detection Dogs | Encyclopedia.pub

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

42. Topoleski, J.; 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.

43. 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.

44. 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.

Retrieved from https://encyclopedia.pub/entry/history/show/6916

https://encyclopedia.pub/entry/1464 9/9



