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Introduction

The outstanding sensitivity of the canine nose has been well studied, e.g. [START_REF] Neuhaus | Über die Riechschärfe des Hundes für Fettsäuren[END_REF][START_REF] Neuhaus | Die Unterscheidungsfähigkeit des Hundes für Duftgemische[END_REF][START_REF] Renwrantz | Freilandversuche mit Hunden zur Bestimmung der Riechschwelle für Buttersäure[END_REF][START_REF] Passe | Odor psychophysics in vertebrates[END_REF][START_REF] Riezzo | Cadaver dogs: unscientific myth or reliable biological devices[END_REF][START_REF] Hall | Performance of domestic dogs on an olfactory discrimination of a homologous series of alcohols[END_REF][START_REF] Concha | Canine Olfactory Thresholds to Amyl Acetate in a Biomedical Detection Scenario[END_REF]. It is therefore not surprising that dogs are popular helpers for a wide variety of applications. For example, they support species conservation [START_REF] Beebe | Using Scent Detection Dogs in Conservation Settings: A Review of Scientific Literature Regarding Their Selection[END_REF], can be used for medical diagnostic purposes [START_REF] Moser | Canine scent detection of human cancers: A review of methods and accuracy[END_REF][START_REF] Catala | Dog alerting and/or responding to epileptic seizures: A scoping review[END_REF][START_REF] Cambau | Sniffing animals as a diagnostic tool in infectious diseases[END_REF], Jendrny et al., 2021a[START_REF] Kochevalina | Changes in the urine volatile metabolome throughout growth of transplanted hepatocarcinoma[END_REF] such as in connection with the COVID-19 pandemic [START_REF] Jendrny | Scent dog identification of samples from COVID-19 patientsa pilot study[END_REF], Jendrny et al., 2021b, Grandjean et al., 2022, Devillier et al., 2022[START_REF] Twele | Detection of Post-COVID-19 Patients Using Medical Scent Detection Dogs-A Pilot Study[END_REF], and appear to be more sensitive than real-time PCR [START_REF] Hag-Ali | The detection dogs test is more sensitive than real-time PCR in for SARS-CoV-2[END_REF].

However, the majority of professional use of dogs will be in connection with the use of service dogs by the military or authorities such as police or customs. Well known is the use of narcotics detection dogs to find drugs, for example at airports, train stations or in prisons. Explosive detection dogs are used in the search for explosives or ammunition and cadaver detection dogs/human remains detection dogs help to find traces of blood or even parts of corpses. Characteristic for these missions is that in most cases the object or trace sought is visible or can be made visible using a wide variety of methods. Another application is the search for buried, missing or fugitive persons [START_REF] Fenton | The use of dogs in search, rescue and recovery[END_REF]. For this purpose avalanche dogs, search and rescue (SAR) dogs, and for the latter tracking dogs and for a long time also so-called mantrailing dogs/mantrailers are used: "Importantly, the tradition of using Bloodhounds as mantrailers in Britain is shown as having begun at least before 1300." [START_REF] Barwick | Aspects of Bloodhound History[END_REF] or "It was not until about the 16th Century that the Bloodhound was used extensively to hunt man, especially poachers and sheep thieves on the Scottish border." (Brey and Reed, 1978, p. 22). In contrast to the search for narcotics or explosives or the previously mentioned applications, dogs are supposed to search for the human scent trail, which is not visible per se, and making it visible by technical means also seems difficult to imagine. In addition, it is currently completely unknown which components of human odor dogs use for individual odor tracking. Nevertheless, although it has not yet been conclusively clarified, there is much to suggest that every human being has a unique odor that is as individual as a fingerprint [START_REF] Prada | Human Scent Evidence[END_REF].

In addition, the extraordinary capabilities of the canine nose are increasingly being used by law enforcement agencies in many countries to solve and reconstruct crimes. As a result, this type of forensic evidence is being challenged in the courts. For example, in the U.S., the Daubert criteria apply in federal courts as admissibility criteria for expert witness testimony (in this case, that of the handlers on the behavior of the dogs used) (Council, 2011, p. 13). These criteria include, but are not limited to, whether the method in question can be (and has been) scientifically tested, whether it has been subjected to peer review and publication, what its known or potential error rates are, or whether it is accepted within the relevant scientific community (SCUS, 1993[START_REF] Christensen | Error and its meaning in forensic science[END_REF]. Cut to the chase at Ensminger: "The prosecution cannot rely solely on anecdotes regarding the dog's capabilities. Instead, a foundation must be laid from academic or scientific sources regarding (a) how long scent remains on an object or at a location; (b) whether every person has a scent that is so unique that it provides an accurate basis for scent identification, such that it can be analogized to human DNA; (c) whether a particular breed of dog is characterized by acute powers of scent and discrimination; and (d) the adequacy of the certification procedures for scent identifications." [START_REF] Ensminger | Police and military dogs : criminal detection, forensic evidence, and judicial admissibility[END_REF], p. 89 refering California v. Willis, 115 Cal.App.4th 379, 9 Cal.Rptr. 3d 235 (Ct. App. 2004).).

Scientific interest in the abilities of dogs has continued to grow in recent years, and this is reflected in corresponding anthologies, e.g. (DeGreeff and Schultz, 2022[START_REF] Gansloßer | Hunde-Forschung aktuell: Anatomie, Ökologie, Verhalten[END_REF][START_REF] Jezierski | Canine Olfaction Science and Law: Advances in Forensic Science, Medicine, Conservation, and Environmental Remediation[END_REF], Miklosi, 2015[START_REF] Horowitz | Domestic Dog Cognition and Behavior: The Scientific Study of Canis familiaris[END_REF][START_REF] Ensminger | Police and military dogs : criminal detection, forensic evidence, and judicial admissibility[END_REF]) and yet a systematic literature search of relevant databases using a combination of the search terms "scent", "detection", and "dog" revealed only 31 studies in 2012 and only 87 in 2015 [START_REF] Johnen | Canine scent detection -Fact or fiction?[END_REF][START_REF] Johnen | An approach to identify bias in scent detection dog testing[END_REF]. However, the explicit subject of mantrailing has been little researched and very few research papers are known to deal with it. Only one of the 87 studies mentioned dealt specifically with human scent trailing. A Web of Science search conducted in August 2018 using the term "mantrailing" yielded only two results from the database of 63,550,997 entries [START_REF] Woidtke | Mantrailing -Insights form a scientific point of view[END_REF].Therefore, an overview of current knowledge, theoretical explanations and practical experience of mantrailing and the associated scent discrimiation of human individual odor and its applicability in judicial proceedings in three different countries (Germany, France, USA) in this context will be presented below.

Theoretical assumptions and explanations
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Dog Training

Basically, the question is whether dogs need special training for search tasks such as human scent discrimination, tracking or trailing. It can be assumed that dogs naturally have the ability to localize odors or to track them. For tracking or trailing this also includes the question whether dogs know directionality of tracks. Discussion follows The localization of odors is essential for survival, whether it is for finding food or for reproduction to find a suitable partner (Gadbois and Reeve, 2014, p. 10).

Rather, it is important to induce the dog to call up its natural abilities in a targeted manner at the request of the handler and to use them until the searched for object has been found or no trace can be perceived or the handler causes the search to be interrupted without the dog allowing itself to be irritated by other stimuli. Furthermore, the signals given by the dog in the context of the search must be clearly recognizable and interpretable for its handler. This is the only way to conclusively classify a "search success", especially when it comes to the invisible scent trace.

2.2.1 Human Scent Discrimination

2.2.2 Mantrailing

To the best of our knowledge, no study has addressed the question of which method promises particularly good results in the training of a mantrailer. In the published works that explicitly deal with mantrailing, there is either no comprehensive information on the specific training method of the dogs used Hunde [START_REF] Stockham | Survivability of human scent[END_REF], Curran et al., 2010a[START_REF] Prada | Evaluation of contact and non-contact trapping efficiencies of human scent chemical profiles and their stabilities under different environmental conditions[END_REF][START_REF] Brown | Determination of Signature Volatile Odor Chemicals Emanating from Novel Biological Specimens by Non-invasive Analytical Techniques for the Potential use in Forensic Identifications[END_REF][START_REF] Wolf | Untersuchung des Einflusses der Alterung menschlicher Geruchsspuren auf die Ausarbeitung der Fährten durch Personensuchhunde[END_REF], or information that they have appropriate testing by organizations (Curran et al., 2010a[START_REF] Brown | Determination of Signature Volatile Odor Chemicals Emanating from Novel Biological Specimens by Non-invasive Analytical Techniques for the Potential use in Forensic Identifications[END_REF][START_REF] Jinn | Orientation and sampling strategies in mammalian olfactory navigation[END_REF][START_REF] Jinn | How Ambient Environment Influences Olfactory Orientation in Search and Rescue Dogs[END_REF], or refer to a training methodology described elsewhere [START_REF] Harvey | Reliability of bloodhounds in criminal investigations[END_REF][START_REF] Harvey | The use of bloodhounds in determining the impact of genetics and the environment on the expression of human odortype[END_REF], Woidtke et al., 2018). A somewhat more detailed description can be found in [START_REF] Woidtke | Menschlicher Individualgeruch als forensisches Identifizierungsmerkmal[END_REF]. One paper has looked at experiences on basic entry skills in context, but without reflecting on a specific training method [START_REF] Joyner | Basic entry level skills & legal requirements for law enforcement bloodhound canine teams[END_REF]. Requirements placed on teams used in investigative activities have been formulated [START_REF] Stockham | Specialized Use of Human Scent in Criminal Investigations[END_REF]. Basic considerations can be found in the Scientific Working Group on Dogs and Orthogonal Detection Guidelines [START_REF] Furton | The Scientific Working Group on Dog and Orthogonal Detector Guidelines[END_REF] or continued in General Guidelines for Training, Certification, and Documentation of Canine Detection Disciplines (AFS, 2020) and specifically Standard for Training and Certification of Canine Detection of Humans: An Aged Trail Using Pre-scented Canines [START_REF] Afs | Standard for Training and Certification of Canine Detection of Humans: An Aged Trail Using Pre-scented Canines[END_REF]. It should be added that many canine organizations have adopted internal standards and standard operating procedures.

For the training of mantrailers, a variety of concepts and methods have been established. Basically, the genetic predisposition of all dogs to scent tracking is used. Depending on how the dog is to be used, different aspects are emphasized. These refer among other things to the selection of breed, from which age the training begins or the intensity of the training. Essentially, a distinction must be made between private use and use by rescue organizations or authorities. In the case of the latter, in particular, the training and further training density is more extensive and before these dogs are deployed, a canine team assessment is obligatory. While in private use the dog can start training regardless of its age, if it is planned to be used for professional search, the training should be started early as a puppy. However, weaning too early from the mother or littermates should be avoided, as they play an essential role in the dog's socialization and thus future behavior. The experiences gained during the socialization phase have an impact on the future social behavior of the dogs [START_REF] Beaver | Canine behavior insights and answers[END_REF][START_REF] Howell | Puppy parties and beyond: the role of early age socialization practices on adult dog behavior[END_REF] and thus also on the operational outcome.

At this point it must be pointed out that a demarcation between tracking work and mantrailing has to be made, because different views have been established. Therefore, a distinction must be made between tracking and trailing and can be found in [START_REF] Syrotuck | Scent and the scenting dog[END_REF] 

standard work: "Tracking Dog: In the strict sense of the term, the dog should indicate almost each of the subject`s footsteps. (…) The basic orientation of the dog is to the footsteps.

Trailing Dog: The dog is oriented to the rafts which have fallen to the ground along the person`s route. The dog may well be working some distance from the actual footsteps." (Syrotuck, 1972, p. 79). This differentiation is maintained in current standards:

• tracking The propensity or learned ability of a canine to methodically follow odor/scent on the ground (human/ground disturbance) by working the canine close to the pathway. Canines are not typically pre-scented on an object.

• trailing The propensity or learned ability of a canine to methodically follow the target scent. The canine may follow a scent plume which could be either air borne or settled on the ground/vegetation. The canine will use whichever technique will get them to the target the most efficiently. Canines are typically pre-scented on an object [START_REF] Afs | Crime Scene/Death Investigation -Dogs and Sensors Terms and Definitions[END_REF].

Whereas in tracking the training of the dog regularly starts on soft surfaces, especially grass [START_REF] Pearsall | Scent, Training to Track, Search, and Rescue[END_REF]Verbruggen, 1982, p. 56, Johnson, 2012, p. 66) and thus the soil damage plays a major role as a key, this is not the case in trailing. Particularly, for police dogs and rescue dogs care is taken not to start training on soft surfaces [START_REF] Schweda | Von der Basis zum erfolgreichen Mantrailing, Finden statt suchen[END_REF]. But there are also dissenting views (Schettler, 2014, p. 127). From the local perspective, Schweda's view is supported. This variation may be the reason for the differences in performance. In both, tracking and trailing, it is assumed that the dog basically follows the temporal course of the track. As mentioned, the training of tracking and trailing dog differ. In addition to the considerations about particularly suitable dog breeds, which are not discussed here, the question arises as to the age at which training should begin. The data described in the literature for this diverge. For tracking from 6 weeks (Menzel and Menzel, 1930, p. 59), 8 weeks to seven month (Gerritsen and Haak, 2001, p. 105), 10-12 weeks (Pearsall and Verbruggen, 1982, p. 49) over 4-6 months (Johnson, 2012, p. 60-61) up to 1-1.5 years (Haberhauffe and Albrecht, 1979, p. 57). In trailing 7 weeks (Tolhurst, 1991, p. 4), 8-12 weeks (Schettler, 2014, p. 38) or 2-3 months (Brey and Reed, 1978, p. 127). In general, the earliest possible start is recommended for both tracking and trailing. This is also in line with the findings of corresponding studies, see Bray [START_REF] Bray | Enhancing the Selection and Performance of Working Dogs[END_REF] and citation therein. Therefore, it is appropriate to start with the first training elements around the age of eight to twelve weeks [START_REF] Fält | The effect of maternal deprivation between 6 and 10 weeks of age upon the behaviour of alsatian puppies[END_REF]Wilsson, 1979, Miklosi, 2015, p. 311). Nevertheless, it is not until the dog is older that more advanced scent-tracking tasks are integrated into training. The effects of different training methods on the learning success of dogs are the focus of a large number of studies. A distinction has been made between aversive methods (based on negative reinforcement or positive punishment) and reward-based methods (positive reinforcement and negative punishment). While there is widespread agreement that aversive methods induce stress-induced behavior in animals and thus have a negative impact on animal welfare, there are contradictory statements regarding the effectiveness of the methods used [START_REF] Haverbeke | Training methods of military dog handlers and their effects on the team's performances[END_REF][START_REF] Rooney | Training methods and owner-dog interactions: Links with dog behaviour and learning ability[END_REF][START_REF] Deldalle | Effects of 2 training methods on stress-related behaviors of the dog (Canis familiaris) and on the dog-owner relationship[END_REF][START_REF] Fernandes | Do aversive-based training methods actually compromise dog welfare?: A literature review[END_REF][START_REF] Ziv | The effects of using aversive training methods in dogs-A review[END_REF]. A recent review provides a descriptive overview [START_REF] Hall | Working Dog Training for the Twenty-First Century[END_REF]. Regardless, there is no known study that has compared mantrailing training methods and correlated mission success.

The training method according to Armin Schweda

The following aspects for the training of a trailing canine team are regularly presented in the professional and factual literature as well as formulated standards: Terminology, basic cynological knowledge, basic knowledge of the origin and distribution of the human scent trail, required equipment, collection and storage of scent articles, handling and reading the dog, assessment of the dog during search work, and age-appropriate training tasks [START_REF] Brey | The complete bloodhound[END_REF][START_REF] Buddenbrock | Mantrailing für den Realeinsatz: Hunde als Geruchsdetektive, Nerdlen/Daun[END_REF][START_REF] Ditterich | Mantrailing für Jederhund : Grundlagen, Trainingsaufbau, Extra: Arbeit mit Problemhunden[END_REF][START_REF] Grunow | Mantrailing: Mit Basic-, Sportund TheraTrailing[END_REF][START_REF] Schettler | K-9 TRAILING: The Straightest Path[END_REF][START_REF] Schweda | Von der Basis zum erfolgreichen Mantrailing, Finden statt suchen[END_REF][START_REF] Massen | Der Gute Mantrailer Ein Lehrpfad für Ausbilder und Hund[END_REF][START_REF] Boulanger | Mantrailing: Teamarbeit mit Nase und Verstand[END_REF][START_REF] Horst | Mantrailing for Fun: Spannende Trailideen für anspruchsvolle Hundenasen[END_REF][START_REF] Schilling | Nasenarbeit: Von Schnüffelspielen bis zum Sucheinsatz[END_REF][START_REF] Keller | Mantrailing Personenspürhund Individualgeruch[END_REF][START_REF] Afs | Standard for Training and Certification of Canine Detection of Humans: An Aged Trail Using Pre-scented Canines[END_REF]. As an example, the methodology according to Armin Schweda [START_REF] Schweda | Von der Basis zum erfolgreichen Mantrailing, Finden statt suchen[END_REF] is presented here, which has been successfully applied in the training of dogs of rescue organizations and the police, including the police of Saxony [START_REF] Schweda | Ergebnisbericht über die einjährige Piloteinsatzphase des BRK LV Pilotprojektes "Personensuche mit dem Bloodhound" und Empfehlung zur weiteren Vorgehensweise, bezüglich der Suchdisziplin[END_REF][START_REF] Woidtke | Mantrailing -Fakten und Fiktionen, Rothenburg/Oberlausitz[END_REF]. According to this, on the one hand, the dog handlers must be enabled to work with their dogs in a way that is detached from traditional training methods, which are often based on aversive methods (Vieira de [START_REF] Vieira De Castro | Does training method matter? Evidence for the negative impact of aversive-based methods on companion dog welfare[END_REF] or the extensive and exclusive use of food as confirmation, and on the other hand, the dogs must be prepared for the intended deployment scenarios. The training of the handlers is focused on understanding of properties of scent, proper "reading" of the dog, leash handling, and deployment tactics. Key elements of the dogs' training are in the areas of "bonding", concentration and focus, and everyday neutrality. If possible, training should begin in puppyhood, so that the dog can be confronted with a wide variety of influencing factors in a controlled manner, in order to train its resistance to stress and to promote its work related focus. An essential element of the training is to teach the dog to follow or find a person on intrinsic purpose (bonding) and therefore to search persistently and with concentration. The goal is to present trailing a target person to the dog as a natural substitute (drive). Practically, this is done by one person engaging very intensively with the dog to get its attention and interest. Furthermore, it is important to make the dog aware the linkage between the individual scent and the person running away.

For example, this is implemented in training by the target person leaving a larger piece of clothing on the way when running away. The dog follows this person and runs directly over the piece of clothing and thus again has scent of the target. In the next step, the dog is taught to use solely its nose to find this person. To do this, the person runs away after engaging the dog and hides behind an obstacle so that there is a visual barrier. This means that the dog cannot see the person and must therefore reach the target using olfactory stimuli only. These exercises are then linked to a specific command, e.g. "Find!", "Trail!" or similar. It is important that this particular command is used exclusively in this context. The training sessions are appropriate for the age of the puppy and therefore short, so as not to overwhelm the dog and to maintain his interest in this work. According to the individual performance level of the dog, the puppy is then accustomed to a search harness, which it will always wear later during searches. After mastering the basic steps, other scent articles can then be introduced into the training. There are no limits to the imagination. All items that contain an individual human scent are suitable. It does not matter whether they are in a solid, liquid or gaseous state. The training takes place under the conditions of the later use. This refers to weather as well as the environment (downtown, streets, buildings, crowds) or the condition of the ground (e.g. soil, asphalt, concrete).

A high degree of neutrality towards all kinds of environmental influences is fundamental to successful work. Thus, in addition to getting used to all conceivable environments (e.g. pedestrian zone, shopping mall) and situations, the binding rules of interaction between dog and handler are practiced. This does not mean the classical obedience exercises. In essence, it is sufficient if the dog reliably responds to the commands "No!", "Come!", "Stay!". Rather, it is important that the dog is given leadership in the search work without pursuing this "freedom" on the trail for "extraneous pursuits" such as chasing cats or deep investigation of other dogs' markings. Closely related to this is the concentration and focus of both dog and handler when working on the task at hand -to be attentively dedicated exclusively to the search work for an extended period of time. Core elements here include the performance and environmental characteristics also described by Lazarowski: Performance: Hunt, (Dog constantly uses nose to search and investigate targets using closed-mouth search, not looking for handler guidance. Dog does not become over-excited when target odor is present and does not get discouraged when odor is not easily found), Focus (Dog is able to focus on rewards/tasks. Dog notices environmental stimuli, but does not respond to distractions (i.e., urine, ambient noises) Work effort (Dog will give 100% effort on every search/task every time. Dog is eager to find target to interact with handler) Air scenting (Dog is constantly using nose to find air currents, while consistently and efficiently searching air. Dog is not looking at specific targets/objects) as well as the one described as still to be investigated Distractibility: Extent to which ongoing searching is interrupted by attention and/or attraction (not fearful or anxious) to objects, people, or other activities occurring in the environmentexecution of task easily or frequently interrupted by ancillary events in surroundings, differentiated from "focus," the measurement of which is mostly related to attending to reward or immediate presence of odor, by measurement during operational style searches Environment: Surfaces (Dog will transition across any and all kinds of surfaces without any hesitation) People (Dog notices people, but does not try to interact. Dog may sniff people, but does not focus on people. Does not show fear, distraction, or excitement elicited by people) Vehicles/urban clutter (Dog adapts to clutter and works normally without disruption in searching behavior) Acoustic startle (Dog will notice loud stimuli, but holds ground and recovers quickly and then goes forward to investigate area) Excitability (Dog is very active, exited to work, but not erratic. Dog may run through odor, but can recover and return to scent cone without giving up on task) [START_REF] Lazarowski | Investigation of the Behavioral Characteristics of Dogs Purpose-Bred and Prepared to Perform Vapor Wake® Detection of Person-Borne Explosives[END_REF]. This also applies to the handler who, in addition to leash control, must learn not to be an obstacle in the dog's way. With increasing experience in the processing of the basic tasks, the difficulties increased. This includes, for example, layered scent, contaminated scent-articles, negative controls, line-ups or aged trails. Basically, the individual performance of the team dog handler / dog decides at what time new training content is taught. The focus is especially on whether the dog has a good bonding behavior and wants to find people. Ultimately, the dog must have understood that at the starting point the scent trail is to be picked up, the scent trail is to be followed and the scent trail ends at a specific person and this person is indicated. It can take about 24 months from the start of training with the puppy for a team to reach full operational capability. This is considerably more than is required for other specializations, e.g., patrol dogs 16 weeks, narcotics detection dogs 12 weeks, explosives detection dogs 18 weeks [START_REF] Ozcan | Utilization of police dogs: a Turkish perspective[END_REF]. Regardless, however, the long training period for mantrailing dogs appears to be established. According to a 2003 survey of experienced Bloodhound trainers in the U.S. by Joyner, training an 8-week-old puppy as a mantrailer takes from 3 up to 24 months to reach an entry level. A period of 6 months was the most commonly cited. Joyner concludes that training should take about 6 months, for which five training sessions should be conducted weekly, lasting about 30min [START_REF] Joyner | Basic entry level skills & legal requirements for law enforcement bloodhound canine teams[END_REF]. Search and Rescue dogs also have a comparable training period of 12 to 18 months [START_REF] Jones | Search-and-rescue dogs: an overview for veterinarians[END_REF].

Human Scent 2.3.1 Origin

Gas chromatography-mass spectrometry (GS-MS) studies showed that human scent secreted from eccrine glands in the palms of the hands [START_REF] Wilke | A short history of sweat gland biology[END_REF] consists of a combination of volatile components produced from the skin [START_REF] Curran | The frequency of occurrence and discriminatory power of compounds found in human scent across a population determined by SPME-GCMS[END_REF][START_REF] Brown | Applicability of emanating volatile organic compounds from various forensic specimens for individual differentiation[END_REF][START_REF] Bernier | Analysis of Human Skin Emanations by Gas Chromatography/Mass Spectrometry. 2. Identification of Volatile Compounds That Are Candidate Attractants for the Yellow Fever Mosquito (Aedes aegypti)[END_REF][START_REF] Zhang | The study of fingerprint characteristics of the emanations from human arm skin using the original sampling system by SPME-GC/MS[END_REF] and differing in ratio from person to person, along with some compounds that are specific to certain individuals. This combination contributes to the individuality and uniqueness of human scents (Curran et al., 2005a, Curran et al., 2005b, Curran et al., 2010b[START_REF] Schoon | Odor Biometrics[END_REF][START_REF] Penn | How do major histocompatibility complex genes influence odor and mating preferences?[END_REF], Penn et al., 2007[START_REF] Roberts | Body odor similarity in noncohabiting twins[END_REF], Xu et al., 2007) (Curran et al., 2005b[START_REF] Curran | The frequency of occurrence and discriminatory power of compounds found in human scent across a population determined by SPME-GCMS[END_REF](Curran et al., , 2010;;[START_REF] Schoon | Odor Biometrics[END_REF][START_REF] Penn | How do major histocompatibility complex genes influence odor and mating preferences?[END_REF][START_REF] Penn | Individual and gender fingerprints in human body odour[END_REF][START_REF] Roberts | Body odor similarity in noncohabiting twins[END_REF][START_REF] Xu | Application of dissimilarity indices, principal coordinates analysis, and rank tests to peak tables in metabolomics of the gas chromatography/mass spectrometry of human sweat[END_REF] at a precise given time. This also applies to identical twins' individual scents [START_REF] Kalmus | The discrimination by the nose of the dog of individual human odours and in particular of the odours of twins[END_REF], Pinc et al., 2011).

Recent improvements in analysis techniques, including sampling by solid-phase microextraction (SPME) coupled to GC-MS, has led to the identification of hundreds of different volatile molecules, including hydrocarbons, heterocyclic and sulfur-containing compounds, ketones, aldehydes, alcohols, acids and esters, that have been shown to be involved in the composition of human scent (see [START_REF] Cuzuel | Origin, analytical characterization, and use of human odor in forensics[END_REF] for review). This complex organic volatile mixture actually results from the summation of various types of chemical compound, which have been classified in three categories according to their origin.

The primary scent, corresponding to the genetic part of the human volatile organic compound (VOC), is determined by the highly polymorphic major histocompatibility complex [START_REF] Wedekind | MHC-dependent mate preferences in humans[END_REF][START_REF] Penn | How do major histocompatibility complex genes influence odor and mating preferences?[END_REF][START_REF] Yamazaki | Chemosensory of Olfactory Individuality[END_REF][START_REF] Toivanen | Influence of major histocompatibility complex on bacterial composition of fecal flora[END_REF]) [START_REF] Wedekind | MHC-dependent mate preferences in humans[END_REF][START_REF] Penn | How do major histocompatibility complex genes influence odor and mating preferences?[END_REF][START_REF] Yamazaki | Chemosensory of Olfactory Individuality[END_REF]Beauchamp 2005,Toivanen et al. 2001) which binds to specific peptides and is emitted by glands [START_REF] Penn | How do major histocompatibility complex genes influence odor and mating preferences?[END_REF] [START_REF] Penn | How do major histocompatibility complex genes influence odor and mating preferences?[END_REF].

In addition, the primary scent is also determined by the degradation of the MHC-peptide complex by the bacterial flora present on the skin surface, resulting in the production of volatile and odoriferous metabolites [START_REF] Hudson | Variables Affecting the Collection and Preservation of Human Scent Components through Instrumental and Biological Evaluations[END_REF][START_REF] Wedekind | MHC-dependent mate preferences in humans[END_REF][START_REF] Wedekind | MHC genes, body odours, and odour preferences[END_REF] [START_REF] Hudson | Variables Affecting the Collection and Preservation of Human Scent Components through Instrumental and Biological Evaluations[END_REF][START_REF] Wedekind | MHC-dependent mate preferences in humans[END_REF][START_REF] Wedekind | MHC genes, body odours, and odour preferences[END_REF]. The secondary scent results from occasional endogenous production of volatile odorant markers by an individual on a particular diet or in a particular physiological state: e.g., spicy or medical diet, menstrual cycle, emotional state, health status, etc. (Horvath et al., 2010;Penn and Potts 1998a;Ackerl et al. 2001;Singh andBronstad 2001, Willis et al. 2004). The third component of human scent comes from exogenous contaminants such as cosmetics (e.g., skin care products, fragrances, shampoos, detergents) or volatile odorant molecules present in the environment (e.g., tobacco smoke, odors coming from outside).

Composition

Uniqueness

In a forensic context, the vast majority of crimes are associated with physical aggression, which involves transfer of biological materials. It is therefore obviously important to develop and validate chemical analysis techniques able to determine the individual VOC profile with the highest precision, representing a unique chemical signature that can be seen as a biometric measurement. In particular, determining the VOCs that are genetically programmed for each individual (primary scent) is an important challenge if human scent is to be considered as a constant and reproducible biometric measure (Curran et al., 2010).

Despite considerable progress in analytical techniques to identify the quantitative and qualitative composition of the complex VOC mixture of human scent, precise determination of the compounds present in the primary, secondary and tertiary scent remains totally out of reach. Yet, very interestingly, while analytic techniques struggle to isolate the primary component from the secondary and tertiary components, rigorously trained dogs have been found to be able to perform this task very easily (Brisbin and Austad, 1991;Sommerville et al., 1993;Pinc et al., 2011).

The very first study by [START_REF] Romanes | Experiments on the sense of smell in dogs[END_REF] described how dogs used their sense of smell to find their master in a very complex context where his scent was mixed up with the scents of a lot of other people. Subsequently, numerous other studies showed that dogs were able to identify two scent samples from the same person even when these were collected from different material (Prada et al., 2011). Since then, exploiting the persistence of human scent together with the property of physical trace-transfer (Locard, 1934), dogs have often been used to identify particular human scents found at crime scenes.

Stability

In agreement with previous studies (Curran et al. 2005a, Harvey and[START_REF] Harvey | Reliability of bloodhounds in criminal investigations[END_REF]Stockham et al., 2004b), the data obtained in dogs suggest that chemical features of human primary scent can persist for as long as several days. This observation is confirmed by GC-MS analyses of human scents, which showed that the VOC present in the mixture of a particular individual was reproducible over a period of time from 24 to 48h.

Human Scent Trail

The scent trail originates on the body and contains all the body's scent plus all scents carried on or attached to the body.

Origin

Genetics (e.g. DNA). [START_REF] Syrotuck | Scent and the scenting dog[END_REF], [START_REF] Harvey | The use of bloodhounds in determining the impact of genetics and the environment on the expression of human odortype[END_REF], Woidtke et al (2018).

Body (e.g. microbes, breath, glandular secretions, skin flakes). The literature on skin flakes has been reviewed [START_REF] Settles | Sniffers: Fluid-Dynamic Sampling for olfactory trace detection in nature and Homeland Security-The 2004 Freeman Scholar Lecture[END_REF][START_REF] Clark | Some aspects of the airborne transmission of infection[END_REF].

Clothing, and footwear.

Environmental (living and workplaces).

Racial, cultural, and dietary variations, Reviews of [START_REF] Syrotuck | Scent and the scenting dog[END_REF], Menzel (?), Kalmus, Prada et al (2015?) 

Composition

The scent trail consists of chemical clues but the specific chemicals used by the dogs to follow the scent trail are unknown. This implies that a broader classification is needed to discuss these chemicals. Consequently, the scent sources in 2.4.1 are broadly classified as gases, liquids, or solids and are discussed below in these phases [START_REF] Osterkamp | Letter to the Editor-Trail scent: Need for a revised model[END_REF].

Gaseous scent from the body consists primarily of volatile organic compounds (VOCs). Skin, hair, clothing, and footwear may also have or contain VOCs from the environment and any extraneous source on the body (e.g. drugs, perfumes).

The gases are produced primarily by metabolic processes in cells and by microbial action on nutrients in secretions [START_REF] Prada | Human Scent Evidence[END_REF]. Sensors in the dog's nose can only detect gases and cannot detect particles but the particles may release gases when inhaled in their warm and humid nose.

Volatilization and respiration release gases from the body into the surrounding air. However, gases in the scent trail can include those produced by volatilization from shed particles (liquids and solids) while the particles are in the air and when they are on or attached to surfaces along the trail. Clothing and footwear are secondary sources of gases since they absorb gases, secretions, and particles from the body.

Liquids include particles from respiration, perspiration, speaking, sneezing, coughing, and spittle although the last four are not produced continuously and only contribute intermittently to the scent trail. These particles vary in size from aerosols to visible droplets and are likely to contain skin flakes. The aerosols can evaporate while in the air and on the ground leaving small skin particles and microbes.

Solid particles include shed skin flakes, hair, and those from any extraneous source on the body (e.g. explosives) which vary in size from sub-micron to visible. When a person moves, the rubbing action produced by footwear and clothing increases the number of solid particles released by the body.

Shedding rates for skin flakes vary significantly among individuals, depend strongly on the size range considered, and on the level of activity. Whyteand [START_REF] Whyte | Particle and microbial airborne dispersion from people[END_REF] found the rate for particles ≥ 0.5 μm exceeds two million per minute and a moving person produces millions of particles per minute. The dispersion per minute of microbe carrying particles averaged 2,400 but can exceed 10,000 [START_REF] Whyte | Particle and microbial airborne dispersion from people[END_REF].

The above discussion indicates that trail scent used by dogs consists of VOCs present as gases and liquid and solid particles. These are present in the air and deposited on or attached to trail surfaces.

Intermittent sources of trail scent, those associated with the subject's environment, and those associated with individual variations (e.g. diet, cultural, racial) are beyond the scope of this review.

Uniqueness

Genetics. [START_REF] Syrotuck | Scent and the scenting dog[END_REF], [START_REF] Harvey | The use of bloodhounds in determining the impact of genetics and the environment on the expression of human odortype[END_REF], Woidtke et al (2018) 

Dispersal and deposition

An understanding of the human scent trail requires information on how the scent is dispersed from the body and on how the scent is deposited or attached to surfaces on the trail.

Neglecting intermittent processes, the human thermal plume, respiration, body movement which produces bellows action of clothing and footwear, and wind appear to be primarily responsible for dispersal of scent from the body.

The source of the human thermal plume is a natural convection boundary layer that moves upward along the body and exits the body above the head and shoulders to form the human thermal plume (Settles, 2005, Clark and[START_REF] Clark | Some aspects of the airborne transmission of infection[END_REF].

When air temperatures are colder than skin temperature (~33 °C), air in contact with the skin becomes warmer and lighter which causes it to flow upward in a thin layer along the body surface from the feet to the head.

For air temperatures warmer than the skin temperature, air in contact with the skin would cool and the flow would be reversed and carry scent to the ground.

Much of this scent would be deposited on the ground and other surfaces (e.g. vegetation) close to the trail. This may be an important consideration for trails made in hot weather. There is no information available for this reverse human thermal plume.

The rising thermal boundary layer exists with clothing. Maximum layer thickness is about 0.2 m and maximum velocity about 0.3 m/s. Since the layer transits the body from feet to head, it incorporates scent from every part of the body. This includes gases and particles including skin flakes, aerosols, and other similar sized liquid and solid particles which is transported to the human thermal plume.

Most clothing is permeable to the gases and particles which allows them to be incorporated into the boundary layer.

In still air, the plume extends up to about 2 m above the body.

Increased numbers of skin flakes, fiber particles, and other particles from any source on the body can be released by the abrasion of clothing and footwear during movement.

Schlieren studies of the boundary layer show that exhalation through the nose and mouth can contribute gases and particles to the layer which would be incorporated into the thermal plume. The gases and particles with microbes can then contribute to trail scent.

Exhaled air can penetrate the thermal boundary layer but may still be partially incorporated into the thermal plume. [START_REF] Clark | Some aspects of the airborne transmission of infection[END_REF] and [START_REF] Gowadia | The natural sampling of airborne trace signals from explosives concealed upon the human body[END_REF]) demonstrated that the bellows action of clothing and footwear can eject gases and particles from openings in shirt collars and cuffs and the bottoms of pant legs and tops of footwear. While much of the ejected materials is incorporated into the boundary layer, pant legs and footwear have the potential for depositing scent directly on surfaces along the trail [START_REF] Osterkamp | Detector Dogs and Scent Movements[END_REF].

The effects of wind on the thermal boundary layer are to disrupt it on the windward side and to create turbulence on the downwind side.

If there is no wind, the human thermal plume carrying scent above the head of a standing person would slowly settle around the person and be deposited on the ground and other nearby surfaces. A light horizontal wind, less than 1 m/s, is enough to tilt the plume over significantly [START_REF] Settles | Sniffers: Fluid-Dynamic Sampling for olfactory trace detection in nature and Homeland Security-The 2004 Freeman Scholar Lecture[END_REF] which would carry scent downwind of the person. Figure ?   For a briskly walking person with no wind, the plume forms a turbulent wake behind the person as shown in the video of [START_REF] Settles | Flow Visualization of the Human Aerodynamic Wake[END_REF]. The video shows that eddies in the wake are carried downward behind the person and would be expected to contact the ground and other surfaces along a trail. This indicates that the scent trail contains scent from every part of the body.

Exceptions to the above description of scent transport from the body occur when VOCs and particles are ejected with sufficient velocity to penetrate the plume. This commonly occurs during respiration. The video (4) shows exhalation jets from the nose of a standing person that penetrate the plume. [START_REF] Clark | Some aspects of the airborne transmission of infection[END_REF] and [START_REF] Gowadia | The natural sampling of airborne trace signals from explosives concealed upon the human body[END_REF] showed that the bellows action of clothing also ejects scent (VOCs, particles) from openings in clothing (bottom of pant legs, shirt collars) and that the ejected scent is incorporated into the body thermal plume and wake. It appears that the bellows action of clothing and footwear while walking may also eject scent onto the ground.

Human thermal plume. Settles (videos, 2005), [START_REF] Clark | Some aspects of the airborne transmission of infection[END_REF] Human wake. Settles (videos, 2005), [START_REF] Edge | Computational study of the wake and contaminant transport of a walking human[END_REF] modeling.

Stability

Note: Since dogs can only smell VOCs in the environment then stability only involves VOCs. Older trails would involve SVOCs primarily.

VOCs and particulates. Particulates produce gases. Literature of gases in the environment? [START_REF] Simonich | Vegetation-atmosphere partitioning of polycyclic aromatic hydrocarbons[END_REF] + others.

Practical findings

Human Scent Discriminationodorology

Olfactory cues provide information about food, mates, offspring, predators, prey and pathogens (Malnic, et al., 1999;Mombaerts, 1999). As detecting these compounds is essential for survival, most animals have developed a highly sophisticated olfactory system during the course of evolution (Kaupp, 2010), with thousands of volatile compounds perceived as distinct odors (Malnic et al., 1999).

Among species that show remarkable olfactory detection ability, dogs have long been used in a variety of forensic areas (Leitch et al. 2013, Furton andMyers, 2001;Nowlan, et al., 2007;Oesterhelweg, et al., 2008;Williams and Johnston, 2002). In particular, the ability of dogs to identify and discriminate between human odors has long been documented [START_REF] Romanes | Experiments on the sense of smell in dogs[END_REF] and numerous experimental studies (see Ensminger and Jezierski, 2012 for review) have shown that dogs are able to detect, memorize and identify the odor of a particular person with high specificity.

The human scent identification line-up, developed originally by Schoon and De Bruin (1994) and later refined (Schoon, 1996;1998), is a task in which trained dogs are presented with scent collected from a crime scene ("evidence" scent, indirect, corresponding to a trace scent TS) and are required to compare this sample to a selection of human scents ("comparison" scents, ie direct corresponding to a body scent BS or indirect corresponding to a trace scent TS, usually 5 or 6 in number) collected from persons not involved in the crime but also including a scent from a possible suspect ("target" scent).

A typical session trial starts when the dog is taken to the work room and presented with an open jar containing the target sample (alos called the referecne scent) at the starting point for 5 sec. Then the dog is allowed to search alone along the line-up on which 5 jars are presented each one containing a body scent (BS) collected from different person. Among the jars, one contained the target scent was randomly placed in the line-up with 4 other jars containing comparison scents collected from unrelated persons randomly chosen in the population (but of the same status of sex, age and ethnicity). If the target scent matches the evidence scent, the dog shows a typical conditioned response (usually, sitting or lying down) at the target station.

This behavior is obtained after an extended training procedure during which the dog acquired the principles of classical matching-to-sample, in which the conditioned response to a correspondence between target scent and sample is reinforced by food, whereas responses to any non-identical comparisons are not reinforced (Ensminger and Jezierski, 2012 for review).

During this training (2 years), dogs are trained to identify the primary component of an individual scent present on different collection supports. In a previous study (Marchal et al., 2016), we showed that the comparison between the body scent (BS, direct sample) collected from a particular individual and a trace scent (TS, indirect sample) collected at a different point in time (from some hours to several days between collections) from an object that had been in contact with the individual resulted in the identification of both scents as originating from the same person with a very high level of sensitivity, with well-trained dogs alerting to target odors in 70.2 ± 4% of cases and never alerting to non-target odors (Marchal et al., 2016). This suggests that dogs, when appropriately trained, are able to detect, memorize and identify the particular primary VOC pattern in a complex mixture constituting human scent, so as to be able to retrieve it in another radically different mixture.

BS and TS likely consist of mixtures of various odorant compounds (body molecules + distractors) present in different proportions. Moreover, the proportion of distractors in the mixture affects the intensity of the targeted human odorants in the head space (Gross-Isseroff and Lancet, 1988;Laing and Jinks, 2001) and interactions between odorant molecules in a mixture influence the detection and recognition of odorants in humans and in animals through activation of the olfactory sensory neurons in the nasal olfactory mucosa (Chaput et al., 2012;Kay et al., 2005). If a correct identification response depends directly on the degree of perceived similarity between body molecules present in the odour sample and those present in the line-up, then the difference in sensitivity suggests that the proportions of body molecules and distractors differ between BS and TS mixtures and that a common specific body scent feature is difficult for dogs to extract when both types of odour are used in the test. The excellent sensitivity scores obtained with the use of the same kind of scent (BS in the sample et BS in the line and TS in the sample and TS in the line) suggest the comparison could result from configural coding; however, the sensitivity scores obtained with BS/TS and TS/BS (ranging from 71% ± 3 to 74% ± 3; data not shown) suggest that dogs were able to extract common specific body scent information from mixtures presented in the sample and in the lineup by an elemental coding process.

According to Jezierski et al. (2014), high detection scores should be regarded as exceptional and indeed dubious as they depend on a variety of factors such as odour presentation method, odour source and, of course, individual differences in dogs' olfactory detection thresholds thus suggesting that sensitivity is critically dependent on the type of odour presentation during the task and specificity dependent on the dog's breeding.

Mantrailing

Mantrailing is the search for and tracking of the individual human scent trail. For this purpose, the dog must be provided with a scent article containing the scent of the target person. At the start of the trail, the dogs are trained to start trailing, if matching scent is present at the location being checked. Otherwise the dog refuses to trail. Once the dog has started trailing, thus indicating the presence of matching scent. Despite the effort of the intensive training required for this, see 2.2.2 above, more and more enthusiastic followers are found, especially since this can also provide adequate employment and exercise for the dog. Due to the extraordinary performance and the wide range of applications, e.g. the search for missing persons or the assignment of a suspect to a crime scene, a large number of authorities use this means of operation. Historically, their use for tracking is also documented [START_REF] Blum | Das Verhältnis von Gericht, Staatsanwaltschaft und Polizei im Ermittlungsverfahren, strafprozessuale Regeln und faktische (Fehl-?)Entwicklungen[END_REF], Pemberton, 2013a, Pemberton, 2013b[START_REF] Pemberton | Hounding Holmes: Arthur Conan Doyle, Bloodhounds and Sleuthing in the Late-Victorian Imagination[END_REF]. It would be expected that this interest would be reflected in a large number of scientific publications on the subject of mantrailing. However, this is not necessarily the case. The number of studies on this subject is very limited and starts with the published works on tracking. In the following, the current status of the known scientific work on mantrailing is presented.

Effects of weather. Wind, ground surface temperature, air temperature, humidity, rain, and snow.

Handler observations. Air scenting distant trails, vehicle trails, aged trails, and trails in forests and fields. [START_REF] Osterkamp | Detector Dogs and Scent Movements[END_REF][START_REF] Osterkamp | Letter to the Editor-Trail scent: Need for a revised model[END_REF].

Studies

The first findings are found in Romanes, who was convinced that his terrier was following him even for kilometers: "…(which I knew had a splendid nose, and could track me for miles)…" and locate his master: "…picking up my scent, tracked my footsteps over all the zigzags I had made until he found me…" " (Romanes, 1887, p. 65-66). From the results of his tests, he concluded that his dog was able to follow the trail partly because of the inherent odor of the boots and not the individual odor of his feet. This was also successful when a strong other odor (in this case anise oil) masked the actual odor. Furthermore, he concluded from his experiments that his bitch was able to perceive his scent, independent of the track run, even at a greater distance, namely at the distance of 200 yards. Romanes pointed out the individuality of human scent. Löhner comes to the following statement: "Experiments with police dogs speak for the fact that these animals are able to recognize a common individual index in the different regional odors of a human individual." In summary, Löhner states that individual scent is the characteristic odor of the individual at a particular time. This can be perceived, for example, by dogs, even at a considerable distance (Löhner, 1924, p. 28, 44). A critical examination was made by Konrad Most, who carried out scientific experiments with police dogs and came to the conclusion that the dogs did not perform as expected (Renger, 2008, pp. 51-61 and citation therein). Later, Kalmus showed that police dogs can work reliably in individual scent tracking [START_REF] Kalmus | The discrimination by the nose of the dog of individual human odours and in particular of the odours of twins[END_REF]. Further considerations were devoted to the question whether dogs have the ability to follow a human track on the one hand and to determine the direction of a track on the other hand. This yielded different results and success rates of 60.6% [START_REF] Mackenzie | Frequency of back-tracking in the tracking dog[END_REF] or even 87.5% [START_REF] Steen | How do dogs determine the direction of tracks[END_REF]. Another study aimed to avoid methodological shortcomings of the aforementioned studies by using a sufficient number of dogs (22 dogs) and dogs of the same breed (German Shepherd). In this study, the dogs as a group were not able to determine the correct direction better than would have been expected by chance. Nevertheless, eight of the participating dogs were able to consistently determine direction with success rates of 90% and 100%, respectively [START_REF] Wells | Directional tracking in the domestic dog, Canis familiaris[END_REF]. A subsequent study with these eight dogs showed that five steps were sufficient to determine the direction of the trail [START_REF] Hepper | How many footsteps do dogs need to determine the direction of an odour trail?[END_REF]. However, all experiments had in common that the length of the track was relatively short, ranging from 50 to about 100 meters. The age of the track varied from 15 minutes to one hour. The tracks were laid on fields, grass and partly on asphalt. Research on longer and older tracks was conducted by Haberhauffe with 15 dogs. The ground conditions were seed, arable, field paths, meadow, track, asphalt and forest soil. The length of the tracks was 1200 to 2000 meters. Thereby, the dogs were able to detect and follow trails that were aged 17 hours and exposed to a continuous rain of 5 hours. Furthermore, one case is reported where a tracking dog had followed a trail that was aged 6 days and about 1500m long (Haberhauffe, 1983, pp. 51-52;55-57). . However, these findings are not explicitly related to mantrailing. The first known study was published in 2003. Harvey & Harvey investigated the bloodhound's ability to trail and discriminate the scent of different individual humans [START_REF] Harvey | Reliability of bloodhounds in criminal investigations[END_REF]. The scent sample was collected on a gauze pad with a special hand-held vacuum device, the Scent Transfer Unit 100 -STU-100 [START_REF] Tolhurst | The police textbook for dog handlers[END_REF]Harris, 1998, Eckenrode et al., 2006) at a short distance from the torso, on the arms and hands of the test subjects. The trails, ranging in length from 0.5 to 1.5 miles, were laid on a variety of surfaces (grass, asphalt, cement, or dirt). These were natural ground in a park, on a campus area, and in busy downtown urban environments. The locations were chosen because of the high probability of accidental contamination from human traffic between the time the trail was laid and the time the search was conducted after 48 hours. The trails were laid in such a way that two persons started at the same time at the starting point in order to walk together in the direction of the respective target point. About 50m before the target point, one person went to the left and the other to the right, so that the track had approximately a Y-shape. At the end point, the targets hid behind a natural object, such as a tree, for about 10min. Subsequently, the targets were transported from the target location by a vehicle. To conduct the search, the targets were brought back to the respective target location after about 48h without crossing the trail again. The search began with the presentation of a neutral gauze pad as a negative sample. A negative sample or negative is defined as gauze that is either not contaminated with human scent or comes from persons who are not on site or have never been on site. Subsequently, the scent article of a target person was presented to the dog for searching. The dogs of different ages used for the study were trained according to the same method [START_REF] Tolhurst | The police textbook for dog handlers[END_REF] and divided into a group of experienced and inexperienced dogs depending on training and operational experience. As a result, the inexperienced dogs were 53.3% successful and the experienced dogs were 96% successful, i.e. they were able to locate and indicate the person from whom the scent article originated [START_REF] Harvey | Reliability of bloodhounds in criminal investigations[END_REF]. However, it should be noted that only a small number of only five trials per participating dog were conducted. Statistically significant results were therefore only observed for the four dogs with 100% success.

The following year, Stockham et al. published an article on the police use of dogs for scent trailing, presenting findings and case studies from the Federal Bureau of Investigation (FBI) [START_REF] Stockham | Specialized Use of Human Scent in Criminal Investigations[END_REF]. Subsequently, on October 21, 2001, the FBI and the Southern California Bloodhound Handlers Coalition conducted a feasibility study to determine the durability of human scent after decontamination for biological agents. Thus, five sheets of paper contaminated with the scent of the target person were irradiated with an average dose of 40.7 kGy and 39.5 kGy. All six dogs involved in the test were able to follow the trail to the target and identify it correctly. Furthermore, a case is described from May 13, 2002, in which a mail carrier in Philadelphia discovered a package in a mailbox that looked like an improvised explosive device. The following day, a similar package was found in a mailbox a mile and a half away. After two days, a scent article was made from the remains of these two packages using STU-100 and an attempt was made to pick up a scent trail on one of the mailboxes using a Bloodhound. This was successful and the dog led to an adjacent neighborhood. There, a second dog was deployed, which led the task force to a house where the suspect lived. Independently of this, the parallel investigations also led to this suspect, who was sentenced to 16 months in prison in a subsequent court hearing. In another case study, the investigations into an attack with a pipe bomb in July 2002 are described. The pipe bomb exploded inside a vehicle in Washington, DC, seriously injuring the driver. Shortly after the attack, the victim's half-brother, Prescott W. Sigmund, disappeared. A suicide note was found in the half-brother's vehicle subsequently recovered. After seventeen days, in the neighborhood a dog was set with an scent article, which came from the bomb fragments, and followed a scent trail to Sigmund's front door. Subsequently, the dog was set at the parking garage where his car had been found. Despite the high temperatures of about 38 °C in the past days, the dog was able to immediately follow the scent trail from there to a bus stop. According to the dog handler's estimation, this was the spot where the suspect was picked up (by vehicle) or drove away by bus. After a four-month manhunt, Sigmund turned himself in to police in Missoula, Montana. During questioning, he confirmed the findings from the canine employment that he had driven his vehicle to the parking garage, left it there, and then left town by bus. In the subsequent trial, Sigmund was found guilty and sentenced to 32 years in prison. This case study also speaks to the durability of human odor on bomb fragments and in a busy urban environment [START_REF] Stockham | Specialized Use of Human Scent in Criminal Investigations[END_REF]. Stockham et al. further describe that in May 2003, the FBI hosted a research workshop with dog handlers at its Quantico Academy. During this workshop, the durability of aged human scent trails was tested in a densely populated residential area. The test was designed to determine if the odor of the target would persist in their primary residence and outlast their prolonged absence. This was tested with the scent of a person who had moved to Albuquerque (state of New Mexico) after seven years of living in a house in Stafford (state of Virginia). Six months after her departure, a dog was tested to see if it could pick up a scent trail from this subject at intersection several houses away. Using a scent article made from a letter mailed by the former resident, a Bloodhound was able to pick up the matching human scent and follow a trail to the house in question. Deliberately, the letter used in this test was sent from Albuquerque, New Mexico, to Stafford through the U.S. Postal System, as the letter was irradiated with Cobalt 60 at an average rate of 39.5-40.7 kGy for 59 minutes after arrival in Virginia at the U.S. Army's Research Institute of Infectious Diseases, Fort Detrick, Maryland. Nevertheless, this irradiated and highly contaminated scent article was successfully used to locate the subject's now unoccupied former residence after six months in this blind test [START_REF] Stockham | Specialized Use of Human Scent in Criminal Investigations[END_REF].

In the same year, a study was published that addressed the question of whether trailing is also possible with an scent article that was exposed to high thermal exposure (after explosion or setting on fire). The scent articles from the explosion fragments or fire residues were also made in this investigation using STU-100. The trails were run in an urban public park frequented by joggers and people walking pets. The track was laid in such a way that two persons, a target person and a decoy, walk from the same starting point for about 14m. There, the predefined path separates at a 45° angle and leads each person for another 18-27m to the respective target location where the persons were hiding. As a result, it was recorded whether the dogs indicated the presence of matching scent at the start of the trail and began to follow and whether the correct person was indicated at the end of the trail. The overall percentage for a positive beginning to trail indication was 78.3%. The overall combined score for positive identifications was 70 percent. The score for dogs that indicated matching scent by beginning to trail and correctly identifying the target person was 88.6 percent with no falsepositive indications [START_REF] Stockham | Survivability of human scent[END_REF]. Each dog of the 20 dogs involved in the study, completed six trails. Due to the relatively small number of trials, statistically significant results were therefore only observed in dogs with a 100% success rate. This was true for two dogs. A negative sample was not performed.

Another study was published by [START_REF] Harvey | The use of bloodhounds in determining the impact of genetics and the environment on the expression of human odortype[END_REF]. They investigated whether human scent is genetically determined and whether environmental influences, such as living together, affect this odor [START_REF] Harvey | The use of bloodhounds in determining the impact of genetics and the environment on the expression of human odortype[END_REF]. The production of the scent samples was done as described above [START_REF] Harvey | Reliability of bloodhounds in criminal investigations[END_REF]. Subjects were unrelated and related individuals, including monozygotic twin pairs. Further, a distinction was made between individuals living together in the same household and those not living together. This special selection of subjects allowed for the consideration of effects according to the nomenclature of primary, secondary and tertiary odors, see [START_REF] Curran | The frequency of occurrence and discriminatory power of compounds found in human scent across a population determined by SPME-GCMS[END_REF], Curran et al., 2005a). The experimental design was as follows. All tests were conducted in a park on grassy ground and cordoned off area. In test one, the target person A walked a distance of approximately 180m and hide behind a tree or similar at the end. A scent sample from target person B or a negative sample was used as the scent article for the search. Test 2 utilized the same pairs of trail layers as Test 1. Both persons walked side by side from the starting point for about 90m, then split from each other in a Yshape in opposite directions for about 45m each and hid behind a tree or comparable object at the respective target point. The dog handler were given randomly picked scent pads containing either the scent of person A, person B or a negative sample. The corresponding trail and target person had to be found. As a result, in both Test 1 and Test 2, with the exception of the twin pairs, significant discrimination of all subjects not living in the same household by all dogs was achieved. This was also true for the unrelated cohabiting subjects in Test 1. Although significant results could still be detected by the majority of the dogs for the related cohabiting persons, the discrimination rate decreased for the twins. In the cohabiting twins no dog succeeded in significant discrimination in test 1, in the non-cohabiting twins only one dog succeeded. In test 2 this was possible for three dogs for the cohabiting twins and five dogs for the non-cohabiting twins. In principle, it seemed difficult to discriminate monozygotic twins, whether they lived together or separately [START_REF] Harvey | The use of bloodhounds in determining the impact of genetics and the environment on the expression of human odortype[END_REF]. This is also confirmed by previous scent discrimination studies on objects [START_REF] Kalmus | The discrimination by the nose of the dog of individual human odours and in particular of the odours of twins[END_REF][START_REF] Hepper | The discrimination of human odour by the dog[END_REF]. Weather did not appear to have an effect on the dogs' overall performance. Harvey et al. conclude from their results that bloodhounds take a multifactorial approach to human scent discrimination using genetically determined primary odor and environmental indicators, hence secondary and tertiary odor. Nevertheless, they point to the apparent predominance of genetically derived odor-type [START_REF] Harvey | The use of bloodhounds in determining the impact of genetics and the environment on the expression of human odortype[END_REF].

A comparable design to the study published by Stockham in 2004 is shown by the work of Curran et al. Again, the STU-100 was used to collect the scent samples from explosion fragments. Prior to the detonation of the device two human scent targets were placed into contact with the blast site. The different target persons walked from a common starting point for about 800m and the path then separated in a Y-shape. The targets hid in a building. An additional six people were placed in the experiment area as decoys while the teams were running their trails. This ensured the canines would not be able to simply locate and identify any individual present; they had to identify the correct individual. The trailing exercises began approximately four hours up to six hours after the trails were walked by the scent targets In order for a canine team to successfully complete the exercise the canine would have to follow the trail of the target odor, and identify the specific target. All twelve dogs involved in the study were able to pick up a scent trail and 72.7% were able to identify the target. In a second and third experiment, a trail of about 800m length was laid by a target person. The target person was to be found and indicated at the end of the trail. In trial two, the success rate was 91.7% in trailing and indicating the target. In the third trial, the dogs began to trail 10 out of 11 cases, but only in 6 cases the target persons were indicated. Two teams falsely identified one of the decoys (Curran et al., 2010a). It should also be noted that negative samples were not included. The number of attempts was small at n=35. Due to the way the scent samples were collected, the clear assignment to one person was only possible to a limited extent, as scent of two targets were potentially present on the material and therefore the indication of one of the two persons was scored as a correct identification.

A 2010 dissertation focused on evaluation of contact and non-contact scent collection techniques with an emphasis on the optimization of collection materials of different fiber chemistries to evaluate the chemical odor profiles obtained using varying environment conditions to provide a better scientific understanding of human scent as a discriminative tool in the identification of suspects. [START_REF] Prada | Evaluation of contact and non-contact trapping efficiencies of human scent chemical profiles and their stabilities under different environmental conditions[END_REF]. The focus of the studies included an in-depth evaluation of the properties of the textiles used to collect human odor samples, as well as actual field trials with dogs to observe any variations in performance when the textiles used for collection were varied. Several experiments were conducted with mantrailers in the study. All experiments were conducted with Bloodhound breed dogs ranging in age from 2 to 10 years with varying levels of training and field experience. Trails laid on a university campus or in urban areas had an age of 24 hours, sometimes up to 48 hours, with a length of no more than 0.5 miles with two changes of direction. Dog team performance was judged on whether they began to trail when presented with the appropriate scent pad, whether they correctly turned over the first point, and finally, whether they recognized the final decision point. Trial 1 was conducted with six dogs. As a result, the dogs started at the first location in 80-100% of the cases, depending on the collection material used. Depending on the type of material, the first decision point was either not recognized or correctly recognized in 20% or 40% of the cases. At the second site, the dogs also started to trail in 80%-100% of the runs and reached the first or second decision point in 60% of the cases. With the cotton blend gauze, the first decision point was correctly detected 67% of the time and the second 33% of the time. Seven canine/handler scent trailing teams were used for experiment 2. On the day of the actual trailing, no target subject being present on the specified location. The dogs started in the first run in 100% of the cases. Reaching the first decision point was successful for half and one third of the dogs, respectively. One of the dogs reached the second decision point. In the second run, 75% or two thirds of the dogs started trailing, depending on the collection material. In total, two dogs reached the second decision point. Trial 3 was conducted with six dogs. The results again showed that, depending on the carrier material, the dogs started to trail in up to 100% of the runs and reached the first decision point in up to two thirds of the cases and up to one third also reached the second decision point. Trial 4 was conducted with eleven dogs and included negative control samples. The trails were aged up to 48 hours. The purpose was to investigate the differences in performance between 24h and 48h old trails. For the 24h old trails, all dogs started at station 1, 50% recognized the first decision point and 37.5% also recognized the second. This was also true for the 48h aged trails, but only 16.7% reached the first decision point and none the second. The negative samples performed were all correctly detected. At the second station of the 24h trails, 78% of the dogs started to trail, 11% reached the first decision point and second decision point. The two negative controls were falsely identified as positives. For the 48 hour aged trails at this station, the only negative sample given for testing was correctly identified, while the success rate at start was 71%, the first decision point was detected in 14.3%. No dog reached the second decision point. At the fourth station, only 57% of the dogs began to trail the 24h trail. 28.6% recognized the first decision point and 14.2% recognized the second. Out of 3 negative samples, two were recognized correctly. The next day, at the 48h aged trail, 100% of the dogs began starting to trail. The same percentages were observed for the recognition of the first and second point. Furthermore, experiments on human scent identification by dogs were conducted using debris after an explosion [START_REF] Prada | Evaluation of contact and non-contact trapping efficiencies of human scent chemical profiles and their stabilities under different environmental conditions[END_REF]. See above for further description and results (Curran et al., 2010a).

In the context of another dissertation, which focuses on the determination of VOCs from hand odor, hair, fingernails and saliva. Supplementary field trials were performed to determine the utility of these specimens as scent sources for human scent discriminating canines [START_REF] Brown | Determination of Signature Volatile Odor Chemicals Emanating from Novel Biological Specimens by Non-invasive Analytical Techniques for the Potential use in Forensic Identifications[END_REF]. Trails were laid in a variety of ways depending on the specimens. During the search, the targets were not on site, with the exception of one set of trials. It was recorded whether the dogs started to trail and subsequently reached the first or second decision point. Scent samples were collected on the day the trail was laid using an STU-100, see above, or using the Human Scent Collection System (HSCS). The HSCS is also a device that generates a dynamic air flow and thus collects odor samples on a sorbent carrier without contact. As a comparison, the scent article with hand odor was considered in each case. For head hair, different trails (aged 1h, 24h and 48h) were laid from a given starting point, which included two decisions. Seven dogs were tested. Targets were present only at the fourth location. Furthermore, blank samples were randomly included in the study. The teams completed 38 tests (12 hand odor, 22 hair samples), including 4 negative samples. With hand odor the dogs began to trail in 75% of the runs, with hair odor in 77%. The first decision point was reached in 17% (hand odor) and 9% (hair odor) of the cases. The second only with hand odor in 8% of the cases. The dogs performed better in all three observed behaviors (starting to trail, first decision and second decision) than would be expected by chance when presented with a sample collected with the STU-100. Furthermore, it was investigated whether trail age had an effect. The largest difference was observed at the start, where the response varied by 18% between 1 hour and 48 hour aged trails. Differences in response at the first and second decision points were no more than 6%. Overall, the dogs were unable to correctly maneuver the first and second decision points more frequently than by chance, regardless of the age of the trail.

For fingernails, different trails with a track age of 1 hour were laid either from a given starting point and multiple decisions over a length of 0.33-0.87 miles. Different starting points were then used on this trail. Or the trail was laid in the manner described at head hair with a length of 0.1-0.3 miles. Four dogs participated in the tests. Two tests were conducted at each location. Odor samples were collected on the day the trail was laid using an STU-100. The teams completed 15 tests (8 hand odor, 7 fingernail odor). The dogs started with hand odor in 71% of the cases, with hair odor in 63%, the first decision point was reached in 29% (hand) and 25% (fingernails) of the runs. The second in no case. To test the saliva samples various trails aged 1 hour were laid from either a predetermined starting point and multiple decisions over a length of 0.8-1.2 miles. Different starting points were then used on this trail. Or the trail was laid in the manner described at the hair samples with a length of 0.1-0.3 miles. Five dogs participated in the tests. The evaluation was done as already described. Further, blank samples were also randomly included in the testing. Odor samples were collected on the day the trail was laid using an STU-100. The teams completed 33 tests (16 hand odor, 16 saliva), including 1 negative sample. The dogs started with hand odor 94% of the time, and with saliva 88% of the time; the first decision point was reached 44% (hand) and 25% (saliva) of the time. The second in each case in 6% of the runs. Overall, 36% of the negatives were correctly detected, 64% were not. Furthermore, a series of experiments was performed to verify which of the two devices (STU, HSCS) collected a sufficient amount of the odor sample for subsequent use as a scent article for the dogs on the sorbent material. The target started from the starting point and walked a distance of 0.8 -1.2 miles, which contained different decision points. Various starting points were then used along this route. The track age was one hour. Nine dogs participated in the tests. The target subjects were not on site. Furthermore, blank samples were randomly included in the study. The teams completed 50 tests, including 3 negative samples. The dogs started in 87% (HSCS) and 79% (STU-100) of the cases. The first decision point was reached in 43% (HSCS) and 58% (STU-100), the second in 22% (HSCS) and 42% (STU-100) of the cases. The negative was not correctly detected in 88% of the runs [START_REF] Brown | Determination of Signature Volatile Odor Chemicals Emanating from Novel Biological Specimens by Non-invasive Analytical Techniques for the Potential use in Forensic Identifications[END_REF].

A work on scent trailing was presented in 2016 as part of a dissertation by Wolf [START_REF] Wolf | Untersuchung des Einflusses der Alterung menschlicher Geruchsspuren auf die Ausarbeitung der Fährten durch Personensuchhunde[END_REF]. Therein the influence of an aged scent trail was investigated. In particular, trails aged 1 day, 1 week and 1 month were considered. These had a length of about 500m and were conducted on both natural and urban ground. The course of the trail contained at least one decision both at the start and in the course of the track. The tracks were laid in such a way that the target persons were brought to the starting point by car and from there walking a distance specified by map to the respective target point. At the end of the trail the target person were picked up by car. On the day of the actual trailing, the target persons were brought back to the respective target location after the corresponding period of time (1 day, 1 week, 1 month), without crossing the track again. The dog was presented a scent article (sterile cotton compresses 7.5 x 7.5 cm) containing the scent sample from the target person, which had previously been removed from the packaging by the target person, who then rubbed himself with it on various parts of his body (hands, face, neck, décolleté, forearms). This was then packaged in a jar with a screw cap. The dogs of different ages used for the study were trained according to different methods and had a verified basic qualification as well as operational experience. A total of 18 dogs participated in the study and 145 trials (63x 1 day, 54x 1 week, 28x 1 month) were conducted. The arrival of the search team at the target including the identification of the target by the dog was considered a success. Three criteria were distinguished with regard to accurate tracking. Tracking -the dog does not show any deviation from the trail or deviates from the track at a decision point ≤ 50 m, but then independently reorients itself in the direction of the track and goes back the same way to the track in order to continue tracking it afterwards. Tracking despite deviation -The dog also follows the track very accurately, but needs more than 50 m when checking the wrong junction or does not go back the same way to the track. Minor deviations were defined as follows: 1. the dog deviates ≤ 50 m from the track, but then does not turn, but runs parallel to the track over a distance of ≤ 50 m and then returns to the track or the deviation from the track is > 50 m and ≤ 150 m, but the following criteria are also met: a. The deviations take place only at the start. b. There are only up to two deviations per track. c. The dog reorients itself to the track independently after 150 m at the latest and trails back on the same path to the track to follow it. Air scenting -In this case, the dog clearly deviates from the track. This includes the following Deviations: 1. the dog deviates > 50 m, but ≤ 150 m, and does not trail back the same way to the track or runs > 50 m parallel, regardless of the distance to the track or deviates more than twice > 50 m ≤ 150 m from the track. 2. the dog deviates > 150 m from the track (including parallel running). The results of this study showed that dogs are basically capable of following an aged scent trail of one day, one week and one month. In this study, 82 of 145 tracks were found (33x day = approx. 52%, 33x week = 61%, 16x month = 57%). This corresponds to a success rate of 57% across all trail ages. The dogs were less successful at wind speeds above 11 km/h. In her discussion, the author points out corresponding criticisms of the study design. For example, that the targets were on site on the day of the search. Furthermore, no negative samples were used [START_REF] Wolf | Untersuchung des Einflusses der Alterung menschlicher Geruchsspuren auf die Ausarbeitung der Fährten durch Personensuchhunde[END_REF].

A recent dissertation investigates olfactory navigation in mammals [START_REF] Jinn | Orientation and sampling strategies in mammalian olfactory navigation[END_REF]. In this context, mantrailing experiments in a regional park were also conducted. Six dogs (four German Shepherds, one English Border Collie, and an Labrador Retriever) were used. A trail of about 800m was laid with different decision points. The trail age was one hour. The target was on site. The end of the trail was hidden behind a tall shrubs and trees which occluded the target person from the handler's and dog's view. Unwashed T-shirts or an scent sample taken by wiping the neck with a cotton swab were used. Various data were collected during the search. These included the inclination of the dog's head, various meteorological data, as well as average distance from the trail, tortuosity, and the area of the region captured between the experimental trail and the dog's trail. In total 15 searches were performed. In 93% of the cases they were able to find the target. Dogs predominately stayed within 10 m of the experimental trail. They were more likely to have their nose on the ground when they were close to the trail (less than 10m) and also when they were between 20 and 30m away. At further distances (more than 40 m), the dogs searched more often on the ground. The prevailing relative humidity remained the factor that most affected how close the dogs searched to the original track. In addition, higher wind speed caused the dogs to search at a greater distance. However, wind direction did not affect the dogs' search behavior [START_REF] Jinn | Orientation and sampling strategies in mammalian olfactory navigation[END_REF].

A dissertation published in 2020 investigated whether mantrailers can specifically track the individual scent trail and whether the detection and trailing of an individual scent trail is possible after periods of one month, two months, three months and half a year [START_REF] Woidtke | Menschlicher Individualgeruch als forensisches Identifizierungsmerkmal[END_REF]. For the first part, a total of 675 trials were conducted with seven dogs and 190 subjects. Each test was performed at a T-junction, i.e. the urban development had been selected so that the dog could only move into three directions: to the left or to the right or backwards. Two target subjects simultaneously went to the apex of the T-junction, then one subject each went left and right, respectively, for about 100m and positioned themselves hidden. This was to avoid visual cues for the dog. The dog was then presented with a scent article containing neither the scent of the target person A, B or negative approx. 5min after laying the trail. During the testing, the handlers were asked to judge whether their dog presented them with a negative or positive trail. It was evaluated whether the dog approached the correct person. A success was considered when the dog leaves the decision area in direction of the target person from whom the presented scent article originates or a negative was indicated correct. Depending on the scent articles used, the success rates (correctly identified trails) were between 50% and 92%. The police dogs were more successful with an average success rate of 82% than the private rescue dogs with 65%. Overall, a success rate of 75% was achieved. Regarding the scent articles made of armpit sweat and saliva, all dogs that participated succeeded statistically significantly in a large number of trials per dog (77 ≥ n ≤ 103) to detect an follow an individual human scent trail despite of a variety of other persons scent trails that are in place at the same time regardless of the gender or age of the target person. Furthermore, they differentiate highly significantly between the presence and the absence of an odor trace using a scent article containing human scent. These results were published in advance (Woidtke et al., 2018). This work has been criticized [START_REF] Courts | There is no evidence that dogs can smell DNA -Comment on "Individual human scent as a forensic identifier using mantrailing[END_REF][START_REF] Goss | Comment on "Individual human scent as a forensic identifier using mantrailing[END_REF]. Criticisms included the interpretation of whether dogs can "smell" DNA. Woidtke et al. clarified that no such statement was made [START_REF] Woidtke | Note to our publication "Individual human scent as a forensic identifier using mantrailing[END_REF]. Furthermore, it was criticized that the number of negative samples was too low and that this therefore indicated a manipulation of these data [START_REF] Goss | Comment on "Individual human scent as a forensic identifier using mantrailing[END_REF]Schoon, 2021, Jackowski et al., 2021). The authors responded to this by outlining possible reasons for the number of negative samples and further pointing out that even with a reduced probability of selecting a negative sample, as in the experiment, the experimentally observed correct decision rate was no less statistically significant and, furthermore, a (theoretically) increased number of negatives would have resulted in a higher overall success rate than described. Thus, re-examination of the study data revealed no effect of the lower negative samples on the study outcome [START_REF] Woidtke | Response to the comment on our publication "Individual human scent as a forensic identifier using mantrailing[END_REF]. The second part, the study to investigate if trailing of an aged individual scent trail is possible after periods of one month, two months, three months and half a year was carried out with the seven dogs that succeeded statistically significant to detect an follow an individual human scent trail. Scent samples from 40 individuals were used for the experiments. The trails were laid in exclusively urban terrain. The length of the trails laid varied from several hundred meters to over 4 km. The course of the trails was designed in such a way that at the beginning of the route at least two target persons started running at the same time and covered a common path for at least a short part of the distance until the course of the trail split up at a junction or intersection. The course included at least one change of direction. At the end of the route, the test subjects were picked up by a vehicle and transported away without crossing the route again. The windows of the vehicle were closed and the ventilation turned off in order to avoid air exchange between the air inside the vehicle and the environment. A return of the person to the place of destination did not take place any more. The day of the actual trailing took place within different time periods after laying the trail. These were the trail ages of one month (27 -31 days), two months (51 -59 days), three months (86 -93 days), and six months (187 -189 days). Due to logistic complexity, the days indicated in the parentheses are recorded under the respective trail age without further subdivision. In addition, for control purposes, a small number of tests were performed on trails aged a week (8 days), two weeks (15 -17 days), three weeks (18 -22 days), ten weeks (65 -71 days), 16 weeks (114 -117 days), 22 weeks (149 -158 days), and one year. On the day of the search, the starting point of the search for the dog was either at the beginning of the laid trail or at a point within the course of the track, so that the distance to be searched for the respective dog differed and was between a few 100m and over 3km. Each test was carried out in such a way that the dog was set at right angles to the course of the road, so that it could follow the course of the road to the right as well as to the left, and therefore a directional bias was excluded. The selection of the scent article was done as described above. Based on the shown behavior of his dog, the handler had to decide whether there was no scent trail on site (negative) or whether the dog was following a trail. The test was finished when either the dog handler concluded a negative from the dog's indicating behavior and communicated this by radio, or the dog handler concluded according to the shown behavior of his dog that the trail had ended and communicated this to the test leader by radio, or the dog handler concluded that the dog was following a trail, although it was a negative (aborted by the experimenter), or the search was terminated by the experimenter, since the deviation from the laid trail did not let expect that the dog can find it and/or the end point can be reached. For the evaluation of the success it was therefore distinguished on the one hand whether the dogs began to trail and following it. This was similar to the type described above for Wolf. Following three categories were formed. Category I -Indication of the individual scent at the start. The dog pick up a and following a trail leading away from the starting point. The test is evaluated as correct if the dog follows a progressive trail leading away from the starting point over a range of 50 m corresponding the scent article originating from the target person or, in the case of a negative, a negative indication. The direction of the track was not taken into account in the evaluation. Category II -vector oriented scent trailing. The dog pick up a and following a trail leading away from the starting point and the direction corresponds to the direction vector to the end point of the trail or runs parallel with the laid trail. The indication of the end point is not included in the evaluation. The test is evaluated as correct if the dog follows a progressive trail leading away from the starting point on or parallel to the course of the trail and the diversion is not more than 150m away from the actual trail, and it comes back on the trail or within a short distance of the trail in the course. In the event of a negative, the dog shows a negative indication. Consideration for this scenario is the fact that at present it is basically unknown which components of the scent trail dogs actually use as a cue to follow an trail and what effect weather conditions, especially wind speeds, have on the dispersal of these components. Category III -scent trailing close to the trail. The dog pick up an follows the trail from the starting point with no or only slight deviations of no more than 50 meters from the actual track. The indication of the actual end point is not included in the evaluation. In case of a negative the dog shows a negative indication. This is based on the following considerations: Even if during the transport of the runner after laying the trail by means of a vehicle care was taken that an exchange of air with the environment was avoided as far as possible, it cannot be excluded that nevertheless components of the scent, which dogs actually use for following a scent trail, got into the environment and thus produced a further trail. A total of 217 trials were carried out, of which 178 (82%) were judged to be correct in the sense of category I. This means that the dogs began to pick up and follow the trail or recognized that there was no trail (negative). 40 trials were performed with an one month aged trail. A negative sample was selected eight times. In two cases this was not detected. In seven cases, the dogs failed to pick up a scent trail despite the presence of an actual trail. In the sense of vector-oriented scent trailing, a distance of 369m of the track was followed on average. This corresponds to 36% of the total distance. Thereby, the individually correctly followed trail sections extended up to 1015m. Concerning the trailing close to the trail it succeeded in half of all attempts to pick up the trail and following it over more than 50m. On average, the trail followed directly from the starting point was 352m, whereas the average of the correctly followed track from the entire course was 361m and thus a share of 30%. Individually, the dogs followed the actual track up to 1015m. The end point was reached in three cases and overrun by 10m, 112m and 137m respectively. A total of 34 trials were conducted with the 2 months aged trails. In 85%, the dogs began to trail or recognized that there was no trail (negative). A negative sample was selected sevent times and correctly indicated in each case. In five trials, a negative was indicated despite the presence of a scent trail. The average trail following distance according to the evaluation criteria of category II extended over 234m. With individually kept trails between 50m and 598m, an average of 36% of the total distance was correctly followed. Even with a two months aged trail, half of all trials succeeded in starting trailing and following the trail from the starting point over more than 50m. The average distance kept on the trail directly from the starting point, was 150m, and 167m for the entire trail. On average, 29% of the actual trail was correctly recognized, whereby the individually distances extended up to 483m. In two cases the actual end point of the track was reached and overrun by 97m and 98m respectively, in one case the dog stopped 168m before. For the trails, aged 3 months 40 trials were performed. Again, in 85% of the cases, the dogs began to trail or correctly identified the twelve selected negative scent samples. In six cases, the dogs failed to pick up a trail despite the presence of a scent trail. The mean values of the percentage of vector-oriented scent trailing extended to 32% of the total distance or 306m. In slightly less than half of all cases (46%), the dogs began to trail correctly from the starting point for more than 50m. The average distance was 251m, with an average of 26% of the total distance of the trail. The individually trailed distances extended up to 583m. In two cases the actual end point of the track was reached and overrun by 231m and 515m respectively. In the latter case, it was the course of the route along the target person was fetched.

Only 21 trials with four dogs could be performed for the 6 months aged trails. The dogs started trailing in 76% of the cases or correctly recognized the four negatives. In one case a dog began to trail despite a negative scent sample. Four times, the dogs failed to pick up a trail despite the presence of a scent trail. Although the average following distance of 325m for the trails aged 6 months was higher than that for the of 3 months, only 25% of the total distance was right kept according to the evaluation criteria of category II. The individually distances extended up to 619m. In 62% of this tests dogs began trailing close to the trail from the starting point over 50m, the group of the police dogs in 73% of the runs. The average distance was more than 150m, and 189m if the entire course of the trail is taken into account. On average, 15% of the total trail distance was followed correctly individually up to 426m. No dog reached the actual end point.

Overall, the relatively high number of false negative indications is striking. This means that despite the presence of a scent trail, dogs did not began trailing. In consideration of all runs, in which a scent trail was actually present, this was not recognized in approx. one fifth. While this was the case in 16% of the police dogs, it was the case in 28% of the private rescue dogs. In this study, saliva samples on foam blanks were used in the majority. Therefore, it cannot be excluded that especially the aging of the saliva samples and the associated decomposition processes, which may have been favored by food residues, led to the fact that an individual discrimination was no longer possible. Furthermore, it is conceivable that despite uniform specifications for sampling, individual scent samples contained different amounts of saliva and thus individual samples may have been more suitable.

On the test days, weather data were measured on site using a Davis Vantage Pro 2 6152EU weather station with rain gauge, temperature and humidity sensors, and an anemometer (Davis Instruments, Vernon Hills, IL). The weather data prevailing at the time the trail was laid, as well as in the further course of time up to the day of the trial, were collected via the online service of the German Weather Service using the data of the weather station nearest to the trial site. The following was determined during the tests: The influence of the wind direction when laying the trail could only be determined with minor effects. The deviation of the wind directions in degrees° on the day of the trail laying and the actual day of the runs was examined on the basis of the angles of 0-45°, 46-90°, 91-135° and 136-180°. The wind directions ranged from 10° to 320°, with a mean of 210°. Regardless of whether the wind was blowing from the same direction on the day of the experiment as on the day the track was laid or from a laterally offset or opposite direction, no significant deviations in the success rate were observed. The largest decrease in success rate was observed in deviating wind directions between 136°-180°, although not statistically significant. Regarding the wind speeds on the days, when the experiments was conducted, the majority of them were below 9km/h. In contrast, the majority of the tracks were laid on days with wind speeds above 11km/h. Nevertheless, this did not have a statistically significant effect on the success rates. Also the consideration in relation to the total distance from the starting point showed that there was no statistically significant correlation between wind speed during laying or searching the trail and a possibly influenced length of the track. Contrary to expectations, temperature did not have a statistically significant effect on the success rate of trail detection (category I) and trailing (category III). This was true for both the temperature during track laying and trailing. Independently of this, it was observed that in six trials carried out at a temperature of 32.5°C, in only three cases the dog began to trail, in two cases the dog indicate a false negative and in one case a dog began to trail despite a negative scent sample. However, four of these six trials were completed by the same dog, including the two false negative and the false positive. Temperatures ranged from -3°C to 32.5°C on the days of the experiments and 0.1°C to 24.5°C on the days of laying the trails. When examining the dependence of the success rate on the amount of precipitation both on the day of laying the tracks and on the day of conducting the experiments, no statistically significant correlation could be found. The total amount of precipitation determined from the day of laying the trail to the day of the experiment also had no statistically significant effect on the success rate (for category I Χ²= 7.0219 p=0.13474, for category III Χ²= 2.773 p=0.5965, significant at p<0.05). The same finding was also observed for the other measured or determined weather parameters such as humidity, soil temperature or temperature gradient. No statistically significant effects on the success rates could be found [START_REF] Woidtke | Menschlicher Individualgeruch als forensisches Identifizierungsmerkmal[END_REF].

Mantrailing evidence in court

legal prerequisites

France

Human scent line-ups

It is arguable that research on the forensic reliability of procedures based on dog scent capability has not adequately supported its widespread use in law enforcement. Regarding human scent identification by dogs, the question of the exact sensitivity and specificity of dogs' line-up performance often arises. 4.1.2 4.1.3 Judicial cases identification tasks (court cases) About 15 minutes before the start of the judicial case task, human olfactory matching-to-sample performance was evaluated on a pre-case proficiency test. For this, dogs were tested on 3 line-ups of human odours with a procedure similar to continuous training. All dogs present in the French DTSP facilities (Ecully, France) since 2007 underwent this test, and those that showed 100% accuracy ([CRs + Hits] / total) in correct responses were enrolled in the judicial case identification task.

The purpose of the identification task was to make a match between a TS collected from a crime-scene object and the scent collected from a suspect or victim (BS or TS). The general procedure was similar to continuous training except that 2 matching combinations were used: TS/BS (79.8% of cases) and BS/TS (20.2% of cases). Probe tests were inserted between trials. Positive identification was noted in the official report when the dog lay down in front of the jar containing the matching odour. In that case, the line-up was repeated by the dog and the trial was recorded by a video camera. In case of a Miss, the trial was considered negative and the technician noted absence of identification. A Miss response meant that the dog did not match the sample with the target, but did not necessarily imply that the target scent was not present in the sample or that the suspect was not present at the crime scene. Hits and Misses were always confirmed with 100% consistency by the other dogs working on the same case (the same day or some days later). When the dogs completed all of the tests, the scent identification was officially validated and the report indicated whether an association had been made between the scent from the suspect and the collected evidence scent.

4.3 Court cases identification

Human odour identification in judicial cases took place from 2003 to 2014. The number of dogs that were assigned to the same judicial case has always ranged between 2 and 7 and the total number of line-ups per court case ranged between 13. 83 ± 3.73 and 38.79 ± 3.07, and between 4.63 ± 0.44 and 12.99 ± 3.27 per dog, depending on the type of identification and the number of evidence scents. Hits and Misses were always confirmed with 100% consistency by the other dogs working on the same case (the same day or some days later, with the same scents but new jars). It is important to note that, as in previous reports (Stockham et al., 2004a), the success rates in identification were higher when the scent traces had been collected at the crime scene between within 24 hours of the offence (86.5% of cases; data not shown); when the interval was longer (13.5% of cases), the success rate decreased. Interestingly, confronting the suspect with a positive identification often leads to confession; since 2003, positive identifications made by dogs of the French DTSP in judicial cases helped to solve 120 criminal cases out of 435.

Germany

In order to secure the state of society, a political order is needed that establishes the procedures that guarantee orderly coexistence. The constitution is to be considered as the highest instance in this hierarchy [START_REF] Eder | Der permanente Gesellschaftsvertrag: zur kollektiven Konstruktion einer sozialen Ordnung[END_REF]. This characterized the basic understanding of social order within societies. From these recognized procedures, it follows that intervention powers are required for intervention measures by state power in the civil liberties of citizens, as regulated by law. For Germany, for example, this can be inferred constitutionally from Article 1 (3) of the Basic Law for the Federal Republic of Germany (Grundgesetz für die Bundesrepublik Deutschland, GG), which stipulates that fundamental rights bind the legislature, the executive and the judiciary as directly applicable law. This is supplemented by the fact that the executive power is bound by law and justice.

The competences of the Federal Government and the Federal States governments are governed by constitutional law in Germany. A distinction is made between the exclusive legislative power of the Federation and the concurrent legislative power of the Federal states. In the area of concurrent legislation, the Federal states have the power to legislate as long as and to the extent that the Federation has not exercised its legislative competence by means of a law (Article 72 (1) of the Basic Law). For the area of judicial proceedings within the meaning of Article 74 (1) No. 1 of the Basic Law, which is relevant here, the federal legislature has made use of its competence. Judicial proceedings within the meaning of Article 74(1)(1) of the Basic Law are to be understood as the entire course of proceedings before the courts "from the initiation of proceedings through the determination of the facts" and the relevant law to the decision and its enforcement (N.N., 2019).

In addition to the final federal regulations governing the actions of law enforcement authorities and the police, there are also the specific police laws of the federal states. These are essentially comparable for the issues at stake here. According to these laws, service dogs used by the police are classified as aids to physical force. Furthermore, internal administrative regulations or decrees must be observed. These vary depending on the federal state. In general, however, it can be stated that the use of service dogs for the execution of police measures is only permitted after successful completion of the respective prescribed test (e.g. for Saxony Section 2 No. I No. 1 Sentence 2 VwV DHWPol). Furthermore, dog handler and the assigned dog form a tactical unit. The service dog is to be led and used only by this officer (e.g. for Saxony section 4 number I sentence 2 in connection with section 4 number II No. 1 VwV DHWPol).

The requirements outlined below apply to use in criminal proceedings.

The relationship between the court, the public prosecutor's office and the police is governed by constitutional requirements. The principle of the rule of law is enshrined in Article 20 (3) of the German Basic Law. This, in conjunction with the case law of the Federal Constitutional Court, results in general requirements for fair criminal proceedings under the rule of law. Thus, according to the German Basic Law, the judicial power is entrusted to independent, statutory judges. Constitutionally guaranteed judicial independence protects all judges against any outside influence. Judges are independent of any instructions, in their work in general as in their rulings from case to case, and they are exclusively bound by the law and justice and are only committed to their own conscience [START_REF] Drb | Judicial ethics in Germany. Theses for discussing professional ethics of judges and public prosecutors at the Deutscher Richterbund[END_REF]. Restrictions on the scope of action of the public prosecutor's office and the police also result from the constitutionally anchored judge's prerogative, for example in the case of measures involving deprivation of liberty. Further specifications are found in criminal procedure law, which is characterized by an overall responsibility of the public prosecutor's office for the preliminary proceedings.

The opening of a judicial investigation presupposes the filing of the indictment by the public prosecutor's office, according to the Code of Criminal Procedure -Strafprozessordnung, StPO. Based on this principle of indictment, the court can only take action if the public prosecutor's office also wants to. The prosecution's monopoly is supplemented by the principle of legality, which states that the public prosecutor's office must intervene in all prosecutable offences if sufficient factual indications exist (BMJ, 2008). As soon as the public prosecutor's office becomes aware of the suspicion of a criminal offence, it must investigate the facts of the case in order to decide whether to file a public prosecution. On the one hand, the court and the public prosecutor's office do not have their own investigative apparatus and therefore need the assistance of the police. According to the Code of Criminal Procedure, on the other hand, the police are also obliged to investigate criminal offences. The position of the police in the preliminary proceedings relates to the central norm of Sec. 163 StPO. This reads, The authorities and officers of the police service have to investigate criminal offences and take all orders that do not allow any delay in order to prevent the case from becoming concealed. It follows that the police can also act without an order from the public prosecutor's office. Regardless of the organisational autonomy of the police, however, police investigations and the investigations of the public prosecutor's office form a unit [START_REF] Drb | Judicial ethics in Germany. Theses for discussing professional ethics of judges and public prosecutors at the Deutscher Richterbund[END_REF].

What does this mean for the question of introducing mantrailing as evidence in court? In principle, the investigating authorities are free to choose their investigative methods [START_REF] Bernier | Analysis of Human Skin Emanations by Gas Chromatography/Mass Spectrometry. 2. Identification of Volatile Compounds That Are Candidate Attractants for the Yellow Fever Mosquito (Aedes aegypti)[END_REF], this also includes, for example, the use of mantrailing dogs. However, this does not include that these must be police dogs. In many cases, private providers also act on behalf of and on the instructions of the public prosecutor's office. This goes hand in hand with the fact that nothing is known in advance about how their dogs were trained or tested. For this reason alone, only police dogs should be used in criminal proceedings.

If the investigations provide sufficient cause for filing a public prosecution, the public prosecutor files it with the competent court. The results of the investigation so far must be submitted to the court (Sec 170 (1), 173 (I) StPO). Special attention is to be paid not only to complete investigations, but also to the complete documentation of the results of the investigation in the files submitted. The public prosecutor's office has to ensure that appropriate documents are available at the time of indictment and can be made available to the court as well as to the other parties involved in the proceedings for subsequent decisions. Of course, this also includes the results of the mantrailing operations. It is not at the discretion of the police to keep them out of the investigation files and therefore part of the legal mandate of the police to make this part of the investigation file that is presented to the court. However, this alone does not give these results any evidentiary character in the criminal proceedings, since the court is not bound by the requests (investigation results) of the public prosecutor's office (or the investigating police officers), but the court has to investigate the facts independently (Sec. 155 (II), 206 StPO). In Germany, the principle of free judicial assessment of evidence is one of the guarantees for proceedings under the rule of law. The court decides on the result of the hearing of evidence according to its free conviction drawn from the entirety of the hearing (Sec. 261 StPO). This also means that, as a matter of principle, only contents that are presented and discussed orally in the main hearing may form the basis of a possible conviction. The contents of the file submitted by the investigating authorities are irrelevant. In this context, the determination of the true facts is the supreme objective of criminal proceedings (BVerfG, 1981). In order to ascertain the truth, the court has to extend the taking of evidence ex officio to all facts and evidence that are of importance for the decision, this also includes the mantrailing operations. A distinction is made between direct evidence and indirect evidence. Direct evidence refers to factual assertions of a legal prerequisite. Indirect evidence refers to facts unrelated to legal prerequisites that allow the conclusion that direct evidence is or is not present. This is also known as circumstantial evidence or signs of evidence [START_REF] Baumgärtel | Handbuch der Beweislast[END_REF]. It should be borne in mind that the poor quality of evidence entails the risk of wrongful judgements, as a rule -in view of the principle in dubio pro reo -of acquittals, but also of unjustly lenient sentences [START_REF] Drb | Judicial ethics in Germany. Theses for discussing professional ethics of judges and public prosecutors at the Deutscher Richterbund[END_REF].

In view of the above, it must be stated that if the dog handler comes to the conclusion that his dog was able to identify the scent of the suspect at the scene of the crime, this is first of all an investigative result that must be presented to the court. This result of the investigation can be evaluated by the court and only by the court as circumstantial evidence.
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The police forces of the German federal states have been using mantrailers since around 2003. As a result, courts have had to deal with their use. In view of the above-mentioned basic requirements of the German legal system for the presentation of the results of investigations in court, it would be expected that by now extensive case law has been published in this regard. However, courts are not obliged to publish their judgments in public databases. Therefore, a search was conducted in the relevant databases on case law Beck-Online and Juris (as of 01.07.2022). The search at Beck-online resulted in 61 entries with the filter "Rechtsprechung (case law)" and the search term "Suchhund (detection dog)", and 33 entries with the search term "Spürhund (tracking dog)". The majority of the entries are not related to mantrailing. A narrowing down with the search term "Mantrailing (mantrailing)" or " Personensuchhund (search dog for persons)" resulted in 12 entries. Among them are two judgments of the highest German criminal court, the Federal Court of Justice (Bundesgerichtshof -BGH).

The search at Juris resulted in 141 entries using the filter "Rechtsprechung (case law)" and the search term "Suchhund (sniffer dog)". The majority of the entries listed judgments on other detection dogs, such as drug detection dogs or cadaver detection dogs. Interestingly, the search term "Suchhund (detection dog)" yielded only 31 hits. A narrowing down with the search term "Mantrailing (mantrailing)" or " Personensuchhund (search dog for persons)" resulted in 12 entries. Among them the two judgements of the BGH.

After combining the research from both portals, only 16 of these judgments refer to the use of mantrailing dogs in criminal proceedings and only eight judgments deal with the subject of mantrailing in detail. In addition, there are five other unpublished judgments known here, , which deal intensively with the subject.

The following explanations present the findings on German case law in context chronologically accordingto the date of the ruling issued. The quoted text passages have been freely translated. It should be noted at the outset that German higher court case law does not question in principle that specially trained dogs are capable of finding things [START_REF] Bernier | Analysis of Human Skin Emanations by Gas Chromatography/Mass Spectrometry. 2. Identification of Volatile Compounds That Are Candidate Attractants for the Yellow Fever Mosquito (Aedes aegypti)[END_REF]. A first published decision of the BGH, which refers to the search method mantrailing, dates from 2008 and describes the result of the search as "...undoubted circumstantial evidence...". Nevertheless, the lower court had not attributed any significant importance to the behavior of the dog for considerations related to the age of the dog, the experience of the dog handler, and a possible contamination of the scent samples [START_REF] Bernier | Analysis of Human Skin Emanations by Gas Chromatography/Mass Spectrometry. 2. Identification of Volatile Compounds That Are Candidate Attractants for the Yellow Fever Mosquito (Aedes aegypti)[END_REF]. Expressis verbis, the BGH commented on mantrailers in 2011, referring to the appeal of several defendants against an unpublished verdict of the Regional Court (Landgericht-LG) Potsdam. From the wording "In this initial position, statements on the results of "mantrailing" tests -which, according to the jury chamber's own opinion, are also superfluous (cf. UA p. 170) -over approximately 20 printed pages do not ultimately pose a serious threat to the existence of the judgment." (BGH, 2011), it must be concluded that the verdict of the Potsdam Regional Court is not based on the results obtained by the use of the mantrailers.

Osnabrück District Court

As can be seen from a judgment of the Osnabrück District Court from 2011, "... at the instigation of the prosecution authorities, the so-called man-trailing method was used ..." and a picture emerged after "... the perpetrator had to be locally rooted or at least there was a lot to be said for it ...". With these findings, "... the prosecution obtained a court order for a serial gene test." Afterwards, however, the court did not deal further with the use of the mantrailers [START_REF] Osnabrück | LG Osnabrück[END_REF]. Subsequently, the BGH as well as the Federal Constitutional Court (Bundesverfassungsgericht -BVerfG) were to deal with the facts of the case again, but from the point of view of the applicability of so-called "near misses" from a molecular genetic serial test. On the subject of mantrailing, both referred to the statements of the district court with the formulation: "After further investigations had suggested a local rooting of the perpetrator ...", without subjecting this to further evaluation. However, the "further investigations" were also not questioned [START_REF] Bernier | Analysis of Human Skin Emanations by Gas Chromatography/Mass Spectrometry. 2. Identification of Volatile Compounds That Are Candidate Attractants for the Yellow Fever Mosquito (Aedes aegypti)[END_REF][START_REF] Bverfg | BVerfG, Beschluss der 2. Kammer des Zweiten Senats vom 13[END_REF].

Cologne District Court

The Cologne District Court dealt with a homicide that occurred on April 18, 2007. The defendant killed his wife and disposed of her body, which has not yet been found. After one year and 5 days, mantrailing dogs were deployed by the police. Since the police in North Rhine-Westphalia did not have their own mantrailing dogs at that time, a private provider was hired. The latter deployed two mantrailers. A bacteriette (cotton swab used, among other things, to secure DNA samples (e.g. in saliva)) was used for scent sampling. The scent article was created by the police from a piece of the victim's clothing. No other details were documented. In the 191-page statement of reasons for the verdict, the chamber deals intensively with the evidentiary value of the mantrailer deployment. It puts to this on the one hand the data of the assigned private dog handlers:

-"... that mantrailer dogs are capable of tracking scent traces aged up to two years. However, there are no scientific studies on this. The dogs could also follow the scent trail of a corpse. It has no influence on this if the scent sample comes from the still living person. -Mantrailing dogs are also able to follow the scent trail of persons or corpses transported in vehicles." (recital 1491) with those of the expert coordinator of the police in North Rhine-Westphalia in the field of service dogs, which read:

-"...that when choosing the scent sample, care must be taken to ensure that it is not contaminated with the scent of other people, so as to be ensure that the dog does not pick up the scent trail of the wrong person. When asked after what time laps a mantrailer can still follow a trail:

-"...The police in North Rhine-Westphalia have a restrained view and work with a time window of 36 hours. However, in tests, seven-day-old trails have already been successfully followed. The police in Switzerland, who are very experienced in the field of mantrailing, assume a time window of seven days in which the mantrailer dog can still follow a trail. However, there are also studies according to which a mantrailer dog can still follow a trail aged a month. and:

-"... several police mantrailing dogs have tried to follow the scent trail of a person driving in a car. However, such a 'car-trail' had not worked in any case." (recitals 1497, 1498, 1505) The District Court came beside the remarks also after own appraisal to the conclusion that "...alone on the basis of the mantrailer deployments it cannot be determined..." that the last route of the killed ones ran in such a way, as this was shown by the private mantrailing dogs.

In particular, also because it could not be excluded that a contaminated scent article was used. Nevertheless, the court ultimately assessed the use of the dogs as a suitable and also permissible means:" Overall, the deployment of the mantrailing dogs was therefore, in the view of the chamber, comprehensible reason for further investigative measures regarding the Estreet 131-135. However, certain findings regarding the deposit location of the body of 9A could not be based solely on the results of the mantrailer missions [START_REF] Lg-Köln | LG Köln[END_REF], recital 1512).

The results of the mantrailing dogs deployment were not taken into account in the final overall evaluation.

Koblenz District Court

The District Court of Koblenz had heard a homicide, which was probably committed in the night of July 7 to 8, 2011. The defendant was accused of having killed her parents-in-law in their apartment by stabbing them several times. In the course of the investigation, the police deployed mantrailer dogs from a private contractor to obtain leads in the case. The range of services offered was described as follows: "The dogs led by private contractors are able to pursue an individual scent trail, produced by the degradation of body cells. Even the relative seclusion of a moving car should not prevent individuals from leaving traceable tracks, it said. A dog is capable of picking up the trail of a wanted person whose scent matches an scent article presented to the dog, such as garment, and following that trail for miles on any surface." A scent sample was taken from a found key. A second sample was obtained from a puncture mark on the victim's nightgown. The dogs were deployed after 214, 215, 233, 259, and 319 days. This corresponds to a period of 6 months and 30 days after the crime for the first use of the dogs and ended up to 10 months and 14 days for the last use. The court had no doubts that the head of the deployed special police unit was convinced that the dogs were capable of this range of performance and that the deployment was not carried out in order to manipulate the defendants, so that they would, if necessary, come forward with the case on the basis of new information. In the case of one particular defendant, this led her to assume from the beginning that the dogs were exclusively following her scent trail. The dogs followed tracks that led, among other things, to the interchange of a freeway but also on the freeway -a socalled vehicle trail.

Without specifically addressing the evidentiary value of this deployments in the further reasoning of the verdict, the court "based on an overall view of all evidence results ..." came to the conclusion that the defendant had killed the victims (LG-Koblenz, 2013).

Dresden District Court

The Dresden District Court had to deal with a series of gang-related thefts committed in the period from November 2011 until the arrest of the perpetrators on December 20, 2011. Scent samples taken immediately after the arrest of the perpetrators were used. In addition to the defendants' submissions, the Dresden District Court referred, among other things, to telecommunications surveillance protocols, established retrograde connection data and also to the results of the deployment of mantrailing dogs. The Chamber states that it is clear to it that, based on the combination of the retrograde cell phone data and the scent traces found by the dogs, the defendants were in the vicinity of the crime scene on November 14, 2011.

The dog was deployed on January 11, 2012, eight weeks and two days after the crime. "From the combination of the retrograde cell phone data for the defendant's cell phone [...] and the scent trail of the defendant [...] found by the mantrailer, it is clear to the Chamber [....] that she was [...] near the crime scene ..." (LG-Dresden, 2013, unpublished). The court followed the argumentation of the dog handler that depending on weather and frequentation -even after eight weeks, sometimes even after six months the dog could follow a scent trail. While the court considered the presence of one of the defendants proven based on the combination of the retrograde cell phone data and the results of the use of the mantrailer, another defendant was acquitted of a crime charge. The background to this was that the defendant claimed to have worn a jacket at the crime scenes of individual cases, which he used in alternation with the other defendant, and that he had thus spread her scent trail. In the absence of supplementary evidence, the chamber was therefore unable to rule out the possibility that he also left the defendant's scent trail at the crime scene in addition to his own.

Nuremberg-Fürth District Court

In the context of case law in the factual context, a ruling by the Nuremberg-Fürth District Court from 2012 occupies a prominent position. The court had dealt with the question under which circumstances the results of the deployment of mantrailers can be considered as sole evidence of the presence of suspects at the crime scene. The starting point of the case decision was several burglaries in southern Germany, in which the defendants entered the respective buildings and subsequently stole valuables. All defendants stated that they were not involved in the burglaries at issue. With the exception of the dog work, there was no other evidence that could prove perpetration. The acts at issue took place on March 10 and March 21, 2012, respectively. The dog's were deployed on May 16 and April 26, 2012, respectively. According to this, they were aged trails of 36 and 67 days, respectively. The court concluded that "...the use of the mantrailing dogs ... at any rate under the conditions established (is) not suitable to constitute a solely viable basis of evidence." The "established conditions" were in particular the missing examination levels of individual used dogs, the unclear preparation of the scent article as well as the lack of comprehensibility of the working method of the used dogs. The court dealt with the special search method "mantrailing" very extensively in its explanations and for the first time set up criteria in the guiding principles of the judgement, which are to be compellingly considered as basis for future employments. The following minimum standards were formulated in the guiding principle:

The results of mantrailing operations (use of trailing dogs) can only be used as sole evidence of the presence of suspects at the crime scene if the following conditions are met: 1. Only dogs that have passed the relevant police (trailing) dog examination levels may be used.

2. The scent used must be clearly assignable to a specific person. Therefore, only swabs taken directly from the body of the person in question should be used as a scent sample. In addition, the preparation of the scent article must be documented in a protocol. 3. Two search dogs must search the same track independently of each other and without the involvement of the other dog handler. The required objectivity is only given with an identical result. 4. Each operation must be filmed in its entirety in order to enable the court and an expert to review the results at a later date (LG-Nürnberg-Fürth, 2012).

In the present case, the dogs used did not meet these requirements, so that the corresponding usability as evidence was not given. Nevertheless, the ruling is groundbreaking from various points of view. On the one hand, the court explicitly requires the use of dogs that have passed the relevant examination level, in this case with the Bavarian police. Furthermore, it can be deduced from this requirement that only tested dogs should be used in investigative proceedings. The Nuremberg judges sent an unambiguous request to the police forces of the federal states with regard to the design of examination regulations for mantrailing dogs: "In this context, it is problematic that even the most stringent examination level PSH 3 does not even remotely correspond to the circumstances of the operations ..., especially with regard to the age of the trails to be searched. It is therefore to be demanded on the one hand generally that for prosecution purposes appropriate additional examinations are created, which cover such employments, ..." (LG-Nürnberg-Fürth, 2012, recital 34).

Subsequently, the Federal Court of Justice has indicated in a decision that these minimum standards only apply in the event that they are to be used as the sole evidence of the presence of a defendant at the scene of the crime: "The assessment of the evidence is also not objectionable with regard to the results obtained through the use of the tracking dog "Lucky". The Senate can leave open whether it would follow the minimum standards set by the Nuremberg-Fürth District Court in its judgment of December 13, 2012 (13 KLs 372 Js 9454/12) -on which the appeal is based -in this respect. For these relate to the constellation not present here that this is the sole evidence of the presence of a defendant at the scene of the crime. Therefore, the District Court was allowed to grant the evidence provided by "Lucky" a certain circumstantial value for the perpetration of the defendant even in the event that the use of the dog was not performed lege artis in all respects. The district court was aware of its possibly limited evidentiary value and has granted only 'subordinate importance for the evaluation of evidence' to the results obtained in this way (UA p. 41 et seq.)." [START_REF] Bernier | Analysis of Human Skin Emanations by Gas Chromatography/Mass Spectrometry. 2. Identification of Volatile Compounds That Are Candidate Attractants for the Yellow Fever Mosquito (Aedes aegypti)[END_REF].

Lüneburg District Court

The Lüneburg District Court had to deal with a series of 7 fires in the period from September 2, 2013 to September 12, 2013. In the course of the investigations by a 27-member special task force, the suspicion against a suspect became stronger in the course of the fire series. Therefore, scent samples were made from the suspect. On 13.09.2013 and 14.09.2013, mantrailing dogs were deployed at two fire scenes. The dog handlers shared that their dogs clearly indicated a scent trail of the suspect and therefore the suspect must have been at the scene. As a result, the defendant was arrested on 14.09.2013. It was initially proven to the Chamber that the accused had been at the crime scene within four weeks prior to the search by the mantrailing dogs, i.e. between 04.09.2013 and 04.10.2013. The District Court dealt in detail with the deployment of the dogs, in particular taking into account principles established by the Nuremberg-Fürth District Court. It saw evidentiary value as an indication of presence at the scene of the crime primarily in the fact that the dogs used are sufficiently trained, -an individually assignable scent article was used, -the quality of the search was assessed by an expert on the basis of the video recordings, -the course of the trail followed by the dogs led from the fire scene to the vicinity of the defendant's residence (over a distance of several kilometers) -a negative sample was taken, and other sources of error could be excluded. In this case, the dogs were deployed 19 and 23 days after the crime, respectively. One of the trails had lasted just under 3:00 hours and had been 12,6 km (7.8mi) long. Another went on for more than 7 km (4.3mi) over 1:30 hours. Both the preparing of the scent samples and the dogs on trail were videotaped. Even the defense conceded in its closing argument that the defendant, contrary to his original admission in cases 5 and 6, must have been at the scene of the crime in temporal proximity to the deployment of the mantrailing dogs. This resulted beyond doubt from the result of the mantrail. In the factual context, it should be noted that the court did not consider the results of the also conducted missions of two other mantrailingteams, which were used scent articles, where a contamination could not be excluded 100 percent, as suitable evidence (LG-Lüneburg, 2014, unpublished).

Chemnitz District Court

In a trial at Chemnitz District Court, the use of mantrailing dogs was the subject of extensive consideration. The defendant was accused of setting several vehicles on fire since summer 2013. The defendant was no stranger to this. He had already been sentenced to three and a half years in prison in 2004 for allegedly slashing the tires of several hundred cars from July 2002 to October 2003. As part of the investigation, the defendant was technically observed. After an arson in the parking garage of the Chemnitz employment office, he was arrested on December 25, 2013. Subsequently, two mantrailers of the Saxon police were deployed at the respective crime scenes. The missions took place on the same day of the arrest, after 65, 101, 103, 117 and 143 days, i.e. up to four months and 21 days after the crime. In the course of the investigation, the arrest warrant was cancelled by the local court (Amtsgericht -AG). In the justification for this, it is stated that the result of the mantrailers used at the crime scene "... could provide clues ..." for presence at the scene of the accused, but it appears "... doubtful..." due to the elapsed time sequences (AG-Chemnitz, 2014, unpublished). The public prosecutor's office filed an immediate appeal against this decision and referred on the one hand to the observation results and also to the results of the deployed mantrailing dogs according to which the "presence of the defendant ... was clearly proven...". In addition, reference was made to the ability of the dogs to detect scent traces/trails even after a longer period of time, since otherwise, as "...happened, no indicating behavior..." would follow. The district court followed this argumentation and then issued a new arrest warrant and stated that the urgent suspicion "... resulted from the result of the observation ... and the result of the use of the mantrail dog..." and further "... At all crime scenes it could then be proven by means of the use of mantrailing dogs that the defendant had been at the crime scenes." (LG-Chemnitz, 2014a, unpublished).

The chamber, which finally dealt with the case, gained the "...certain conviction..." through the use of the mantrailers that the defendant was at the crime scenes. The Chamber bases this on the fact that the deployment was carried out "...in every respect lege artis ...". In particular, that:

the dogs used were trained and examined, -proper, non-contaminated scent samples were taken in a video-documented manner, -the quality of the dogs' trailing was assessed by an expert on the basis of the video recordings, -a scent trail was detected and followed over a longer distance, -several negative samples were taken and other sources of error could be excluded (LG-Chemnitz, 2014b, unpublished).

The defense appealed against the verdict to the Federal Court of Justice and objected to the district court's assessment of the evidence, among other things, by means of a factual objection. The Federal Prosecutor General commented as follows: "It is not objectionable that the Regional Court drew the conclusion that the defendant was the perpetrator in all cases from the totality of the evidence found," and further: "The assessment of the evidence is also not objectionable with regard to the results achieved by the use of the so-called mantrailer dogs "Hippie" and "Hermine" (UA pp. 11, 16-21) (cf. Senate, decision of May 7, 2014 -5 StR 151/14 -)." The appeal was rejected as unfounded (BGH, 2015, unpublished) and thus the highest German criminal court confirmed the assessment of the Chemnitz District Court with regard to the ability of mantrailers to pursue scent trails whose age covers four months and 21 days.

Regensburg District Court

At the Regensburg District Court, the defendant was accused of being the perpetrator of a series of fires which lasted from January 12, 2013 to April 27, 2013 and caused damage of over €200,000. Vehicles in particular were set on fire. For the clarification of the acts, a 20man special task force was formed. The defendant did not comment on the accusation during the trial. However, immediately after the outbreak of the fire on April 27, 2013, he was found on his bicycle in the immediate temporal and local vicinity of the scene of the fire. Another indication in connection with the last fire scene was that immediately before the outbreak of the fire, a dark-clad male bicyclist was seen riding about 200 meters away from the fire scene in the direction of the later fire scene, matching the description of the defendant. Also the knowledge gained in the context of the telecommunication monitoring spoke for a perpetration of the accused. Furthermore, mantrailers were deployed at the fire scenes. The results of the mantrailer operations were evaluated by the court as an important part of the evaluation of evidence. Thus the chamber expresses: "Finally, the conviction of the perpetration of the accused is also supported by the result of the employment of mantrailing dogs. On the basis of the police dog handlers who were heard as witnesses, the video recordings of the search dog operations, some of which were viewed, and the convincing and comprehensible explanations of the experts, the chamber is convinced that the dogs detected the scent trail of the defendant at all fire scenes." [START_REF] Lg-Regensburg | LG Regensburg[END_REF]. The experts presented the current state of knowledge, in particular on the individuality of human scent, the performance of the dogs and also on existing gaps in knowledge and possible sources of error. Furthermore, extreme care was taken in obtaining and using the scent sample. The dogs used were well trained dogs of the police dog squad, i.e. certified dogs. The Chamber was aware of the fact that during a single search the dog can make a mistake and follow a wrong trail. For the chamber, however, the circumstantial effect of the result of the police dog deployment does not result from the individual search for traces, but from the fact that in the eight police dog missions with eight different dogs, whereby at least two dogs were always used, the dogs were each able to find a trail of the defendant. Significant for the assessment of the significance of the results of the missions of the search dogs is for the chamber, however, the circumstance that the success rate of the trailing results was independent of the age of the trail, from which it follows for the chamber that the dogs can also recognize old traces. In this respect, there was no doubt that the dogs were also able to detect several months old traces of the defendant at the fire sites. The Chamber was aware here that the dog deployments took place from the end of April 2013 to mid-May 2013, while the fires occurred from mid-January 2013 to the end of April 2013. In addition, in the case of the use of the trailing dogs to be assessed here, it was primarily a matter of proving the presence of the defendant at the fire locations when detecting the scent trace and not of proving that the trail led over a specific route (LG-Regensburg, 2014).

Bielefeld District Court

The Bielefeld District Court heard a case of homicide in which a man had waylaid his wife and shot her with two shots from a shotgun. The body of the wife was found immediately after the crime by her mother, who had heard the shots at her daughter and immediately ran to her car. Immediately afterwards, she made an emergency call. The emergency doctor who was called to the scene confirmed the death. On the day of the crime and in the following days, the crime scene, the defendant's apartment, his company and his vehicles were searched. Search dogs, a police explosives detection dog and a search dog (mantrailer) belonging to a private dog handler, were also used at the scene. The most important indication that the defendant was the perpetrator and fired the fatal shot at the victim is the fact that his DNA was found on several traces of the crime scene. Nevertheless, the use of the dogs was also appreciated in the verdict. Thus, the court states that the presence of the defendant at the crime scene and his perpetration was proven by the result of the use of the mantrailing dogs. This is justified by the fact that the dog is a trained animal, tested by the police and approved for use by the authorities. As a scent sample, the dog was presented the inside of the pants that the defendant had been wearing when he was arrested. Subsequently, the dog followed a trail several hundred meters long. Afterwards, another scent article, the balaclava found at the scene was presented to the dog. Again, the dog followed a trail that had taken a very similar course to the first search. The chamber had no reason to doubt the statements of the expert witness and his evaluation of the dog's behavior. The officer is an experienced dog handler who reported factually and did not omit possible weaknesses of the mantrailer deployment as evidence. The result of the mantrailer deployment, which was supported by the testimonies of the witnesses, would not be sufficient in itself for full proof of the presence of the defendant at the crime scene at the time of the crime, but it supports and confirms the result of the DNA analysis (LG-Bielefeld, 2017).

Hamburg District Court

An attempted homicide was the subject of a trial at the Hamburg District Court. The defendant had set fire to two homeless people in their sleeping bags in the early morning of Jan. 31, 2017, causing them to suffer various burn injuries of burn degree IIa. In the course of the investigation, the defendant was arrested on February 2, 2017. The defendant did not admit to the case or to his person before the chamber. However, 10 minutes before the time of the crime, he was captured by two video cameras at a distance of 200m from the crime scene. Furthermore, he was seen by a witness fleeing the scene of the crime and was captured by another camera. The findings of the Chamber, which have already been made with certainty on the basis of the previous evaluation of evidence, regarding the route taken by the accused directly past the scene of the crime, are confirmed in a supplementary manner, albeit with little evidentiary value, by the results of the deployment of a mantrailing dog on February 11, 2017 (after 11 days). A certified police dog was deployed. The scent article was the defendant's pillowcase from the correctional facility, which was seized immediately. The chamber agrees with the convincing expert opinion (individuality of human scent, origin and dispersal of scent trails, selection and storage of scent articles, sources of error in dog work) after its own conviction and draws from it the further conclusions outlined below. The fact that the dog did not pass the exact scene of the crime, meaning the sleeping place directly, but at a distance of at most 15 meters, is considered by the court as a further (although not conclusive) indication that the defendant was at the scene of the crime or in its vicinity. In the overall view, this speaks very much in favor of the fact that the dog followed the defendant's trail to the crime scene quite precisely. However, due to the uncertainties pointed out in detail, the Board did not grant this either a weighty or a decisive evidentiary value, but only considered the result of the use of the dog as a further supporting evidentiary sign with, however, only a low evidentiary value. The defendant was sentenced to a prison term of 6 years (LG-Hamburg, 2017, unpublished) 2017). The ruling was confirmed by the highest court in the appeal proceedings at the Federal Court of Justice: "Supplementary to the motion of the Attorney General, the Senate notes: Contrary to the submission of the complainant, the very careful assessment of evidence by the District Court does not show any legal error to the detriment of the defendant. This also applies insofar as the expertly advised criminal division considered the results achieved by the use of the mantrailing dog "Trude" as "further supporting evidence with, however, only little evidentiary value" (UA p. 39)" (BGH, 2018).

Gera District Court

ln the period between July 22, 2013 and July 24, 2015, the two defendants committed burglaries in agricultural companies and agricultural cooperatives in a total of 22 cases and broke open the safes located there. To destroy the traces left behind, the defendants subsequently emptied powder fire extinguishers in a large number of cases, which were found at the scene of the crime. In the night of 24.07.2015, they were placed at a crime scene by observation forces and one of the two defendants was arrested. The second managed to escape, in the process he was shot by the police and could be arrested in the morning at his home address. With regard to the mantrailing operations, the verdict deals in detail with the information provided by the experts, who comment on the current state of knowledge (e.g. individuality of human scent, origin and dispersal of scent trails, findings on dog work, sources of error). All together, the police dog handlers and the expert, who examined the mantrailer missions documented by video recording, came to the unanimous conclusion that the scent traces of the two suspects were detected and followed by the two dogs at the scene of the crime. This was despite the fact that long periods of time (four and a half and six and a half months) elapsed between the time the trails were laid and the time the mantrailers were deployed. In conclusion, in the opinion of the district court, the search dog deployments are currently only of indicative value in the sense of a so-called "bioindicator" because of the many unresolved questions and uncertainties associated with so-called mantrailing. However, the chamber is convinced that the large number of cases of the presence of the scent traces of the two defendants at the respective crime scenes, which were showed by the correctly conducted and evaluated dog deployments, is not a mere coincidence. The chamber sees in the totality of the cases an additional indication for the perpetration of the two defendants, which has additionally confirmed the conviction of the chamber already formed on the basis of the multitude of further indications. Therefore, the dog operations did not matter to the court's determination of conviction [START_REF] Gera | Urteil vom 26[END_REF].

Chemnitz District Court

In a homicide, the Chemnitz District Court had to decide. At a time not exactly determinable in the period between 27.07.2017 20:30 clock and 31.07.2017, the accused struck the injured party with the blunt side of the carpenter's hammer abruptly once against the left side of the head, whereby the injured party suffered an impression fracture of the skull and a rib fracture and sank down dazed. Subsequently, the defendant gave the injured party at least two targeted blows to the right side of the head with the spike side of the hammer, as a result of which, in addition to massive blood loss, the injured party suffered an open craniocerebral trauma and died within a very short time at the scene of the incident. The body was subsequently hidden in the basement of an industrial wasteland, where it was found on 13.09.2017. Police reconstruction of how the body got into the basement led police officers to conclude that the perpetrator must have touched the victim's belt in the process. On the belt, the DNA of the defendant was later found exactly in the prominent area, as the reconstruction suggested. The search behavior of a deployed mantrailing dog on Sept. 20, 2017 (51 days after the crime) indicated that the victim must have been at the scene while he was alive. The same was observed for the search conducted with the scent of the perpetrator 79 days after the crime. The accused denies the crime. The findings on the merits of the case are based on the result of the overall assessment of all evidence and circumstantial evidence collected as shown in the record of the main hearing, as described in more detail below. The finding that the defendant, contrary to his admission, was at the scene of the crime is based on the search behavior of the mantrailing dogs. The use of two mantrailing dogs at the scene took place on 18.10.2017. Both dogs picked up the scent trail of the defendant and followed this trail almost identically over a distance of approximately 600 meters until the trail was terminated by the dog handler. This was impressively and undoubtedly comprehensibly proven by the video recordings of the use of the dogs, which were seen during the main hearing. The deployment of the mantrailing dogs was accomplished after statement of the chamber in each regard properly. As could be seen from the video recordings, the scent samples were taken properly, so that the purity of the scent article can be assumed without doubt and the risk of contamination can be safely excluded. The two dogs used are trained and examined according to the performance requirements of mantrailing dogs. The only decisive factor in proving that the person sought was present at the scene of the crime is the fact that the dog can detect and follow a trail starting from the scene. If the dog does not pick up the scent it does not leave the scene, but runs around aimlessly, tries to find the scent trail, but cannot pick it up and therefore cannot track it. The perpetrator was sentenced to twelve years in prison (LG-Chemnitz, 2019).

Frankfurt/Oder District Court

The Frankfurt/Oder District Court ruled differently than in the previous decisions. The proceedings concerned the accusation of blowing up ATMs. In order to be able to make a more detailed assignment of the suspected perpetration of the accused, in cross-state police operations at the several crime scenes were tried afterwards, whether mantrailing dogs can detect a scent trace of the suspect. In addition, DNA traces of the defendant were on several means of action, but not at the crime scene. Thereby the chamber does not put crucially on the fact that by a positive indication and/or by detecting a trail / a scent trace of the accused by the dogs still nothing for it can be derived, when this scent trace was set, whether it was set in particular in the time of the crime. Also doubts about the preparation and storage of the scent articles, which were used on the searches, or procedural concerns about the execution of the mantrailer deployment themselves did not arise to the chamber. Nevertheless, the chamber could not base a conviction that the defendant participated in the crimes on the mantrailer operations. The decisive factor for the chamber was that, as a result of the taking of evidence, it is generally not convinced that the mantrailing dogs were actually able to reliably detect scent traces of the defendant at the crime scene and the surrounding area 54 days after the crime, which have been exposed to the elements in the meantime. The court relied on the testimony of the experts and its own evaluation of available scientific publications (individual scent, assumptions on composition, dispersal and stability of a scent trail). Accordingly, under the conditions to be assessed here, the presence of the individual scent trace can no longer be assumed after the given lapse of time. Therefore, it is for the chamber in the result also at least no sufficient condition for a use of the affirmative findings of a dog handler (expert witness) that the respective dog team kept the general training standards of its federal state (here: Saxonia) and/or has successfully passed the examinations for mantrailing dogs mandatory there. As long as there are no corresponding uniform training and examination requirements as well as scientifically founded studies, by which it is proven -also by means of use of negative samples -that dogs in general as well as the assigned dogs in particular can really detect and follow such aged trails reliably, which were exposed to the elements, in absence of the targe, as long as the chamber could not attach such assignments also in the framework given here after all this no significant evidentiary value (LG-Frankfurt(Oder), 2020). Thus, on the one hand, the chamber referred to the principles established in the judgment of the Nuremberg-Fürth District Court and also supported the petition there for a corresponding design of the respective examinations of these dogs. On the other hand it criticizes the absence of appropriate scientific investigations in this area.

Heidelberg District Court

The defendant was accused of having posted three parcels, all of which allegedly contained hidden explosive devices, at a post office in the on Feb. 15, 2021. These had been constructed in such a way that they ignited and exploded when the packages were opened. Two of these letter bombs exploded when they were opened at the recipient's home, while the third was recovered. The findings regarding the events of the crime are based on video recordings from the post office branch and the statements of the witnesses and experts heard during the main hearing. The analysis of the evidence provided no clues to the defendant. The search dog operations carried out three and four days later were also fruitless. The chamber did not assign any evidentiary value to the operations of the private dog handlers. Flushing sponges from the USBV and a sock of the accused were used as scent articles. Furthermore, the deployments were not carried out lege artis. carried out. Furthermore, the chamber followed the comprehensibly and convincingly justified assessment of Prof. Dr. G, according to which it is not plausible from a scientific point of view that trailing dogs can pick up and follow tracks that, as in this case, were older than one month -especially on asphalted, odor-volatile ground and by way of a so-called cartrail (in this case, the target person moves with a vehicle) over long distances. Finally, an identification of the defendant could not be made on the basis of the recordings of the video surveillance camera of the post office branch. The German legal system has no precedents. As a rule, courts are not bound by the decisions of other courts in reaching their judgments. Decisions of the Federal Constitutional Court are an exception. Nonetheless, a certain radiance results from the chain of instances and the decisions reached in them [START_REF] Tiedtke | Die Bindungswirkung revisionsgerichtlicher Entscheidungen[END_REF]. The tenor of the judgments recorded in the relevant databases was presented here. In addition, the decisions from five non-published judgments were presented. It must be pointed out that the case law presented here probably represents only a fraction of the decisions actually handed down in criminal cases in which mantrailing dogs were used. As of June 22, 2020, there were 777 courts of ordinary jurisdiction in Germany. For a comprehensive overview, it would be necessary to query these and, in addition, all public prosecutor's offices responsible for file retention after the conclusion of proceedings. This cannot be done here. Regardless of this, many judgments in which dogs were used in the preliminary proceedings do not make any statement about this. In particular, not when other reliable evidence is available. The cases presented show that the courts are increasingly having to deal with the possible probative value of the probative value of the deployment results of mantrailing dogs. Against this background, the acceptance of deployment results of mantrailing dogsby various courts in Germany can now be observed. On the other hand, the examples of the District Courts of Frankfurt (Oder) and Heidelberg show that a number of courts take a very critical approach to this issue. These refer to a lack of scientific knowledge. In particular, when extensive time sequences have already passed from the execution of the crime to the deployment of the dogs. Irrespective of this, it can be observed that case law tends to attribute at least a small, and in some cases, depending on the circumstances of the individual case, a far-reaching indicative effect to dog work. Thereby, the compliance with the aspects listed by the Nuremberg-Fürth District Court (see above) seems to develop into a quasi-standard, if the work of trailing but also tracking dogs is to be judged. Their observance is often urged by the defense or critically questioned.