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Abstract 39 

The Bonn-Oberkassel dog remains, dated to the Upper Pleistocene between ca.  12290 40 

and 12050 cal BC (2σ), have been reported more than 100 years ago. Recent re-41 

examination revealed the tooth of another older and smaller dog, making this 42 

domestic dog burial not only the oldest known, but also the only one with remains of 43 

two dogs. This observation brings the total known Magdalenian dogs to nine.  44 

 45 

Domestication of dogs during the final Palaeolithic has important implications for 46 

understanding pre-Holocene hunter-gatherers. Most proposed hunter-gatherer 47 

motivations for domesticating dogs have been utilitarian. However, remains of the 48 

Bonn-Oberkassel dogs may offer another view.  49 

 50 

The Bonn-Oberkassel dog was a late juvenile when it was buried at approximately 51 

age 27-28 weeks, with two adult humans and grave goods.  Oral cavity lesions 52 

indicate a gravely ill dog that likely suffered a morbillivirus (canine distemper) 53 

infection. A dental line of suggestive enamel hypoplasia appears at the 19-week 54 

developmental stage.  Two additional enamel hypoplasia lines, on the canine only, 55 

document further disease episodes at weeks 21 and 23.  Pathological changes also 56 

include severe periodontal disease that may have been facilitated by 57 

immunodeficiency. 58 

 59 

Since canine distemper has a three-week disease course with very high mortality, the 60 

dog must have been perniciously ill during the three disease bouts and between ages 61 

19 and 23 weeks. Survival without intensive human assistance would have been 62 

unlikely.  Before and during this period, the dog cannot have held any utilitarian use 63 

to humans. 64 

  65 

We suggest that at least some Late Pleistocene humans regarded dogs not just 66 

materialistically, but may have developed emotional and caring bonds for their dogs, 67 

as reflected by the survival of this dog, quite possibly through human care. 68 

 69 

 70 
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 71 

 72 

1. Introduction  73 

 Ancient gray wolves are the likely ancestors of the domestic dog. The domestic dog first 74 

was described with reasonable certainty from the Magdalenian (Bottigué et al., 2017; 75 

Boudadi-Maligne et al. 2012; Boudadi-Maligne and Escarguel, 2014; Célérier, G., 1994; 76 

Crockford, 2006; Druzhkova et al. 2013; Horard-Herbin et al., 2014; Larson et al., 2012; 77 

Morey, 2010; 2015; Müller, 2005; Napierala and Uerpmann, 2012; Perri, 2016; Pionnier-78 

Capitan, 2010; Pionnier-Capitan et al. 2011; Thalmann, et al. 2013). Earlier Pleistocene 79 

dogs have been reported from the Aurignacian (Camaros et al., 2016; Germonpré et al., 80 

2009; Germonpré et al., 2012; Germonpré et al., 2015; Germonpré et al., 2017; Ovodov et 81 

al., 2011; Pidoplichko, 1969; Sablin and Khlopachev, 2002) but their classification is 82 

contentious (e.g., Crockford and Kuzmin, 2012; Boudadi-Maligne and Escargeul, 2014; 83 

Drake et al. 2015; Frantz et al. 2016; Morey and Jeger, 2015; Napierala and Uerpmann, 84 

2010; Perri 2016). 85 

   Exact geographical locations of wolf domestication are debated, with arguments that 86 

favor East Asia and the Middle East (Savolainen et al., 2002; vonHoldt et al., 2010; Wang 87 

et al., 2013), Central Asia (Shannon et al., 2015), South China (Pang et al., 2009), and 88 

Europe (Thalmann et al., 2013). The number of domestication events also is unresolved, 89 

with some investigators arguing for one (Botigué et al., 2017; Freedman et al., 2014), 90 

others reporting two such events (Frantz et al., 2016; Pionnier-Capitan 2010), and still 91 

others proposing multiple events (Clutton-Brock, 1995; Dayan, 1994; Vila et al., 1999).  92 

   Based on present knowledge, the most probable dog progenitors were European 93 

(Thalmann et al., 2013) or Asian (Savolainen et al., 2002, Duleba et al., 2015) wolves 94 

whose DNA lineage has not been found in recent wolf populations, and thus this ancestor 95 

is either extinct (Morey and Jeger, 2015) or still undiscovered (Morey and Jeger, 2015).  96 

   Human motivations for domesticating/taming/socializing wolves are not yet fully 97 

understood, and while in modern societies, dogs fulfill important psycho-emotional human 98 

needs and also a social bond has been suggested for the early human-wolf interactions 99 

(Morey 2010; 83), most of those who have studied early dog domestication have proposed 100 

utilitarian hypotheses (Bicho, 2013; Crabtree and Campana, 1987; Gautier, 1998; 101 

Germonpré et al., 2012; Grimm, 2015; Müller, 2005; Morey, 2010; Olsen, 1985; Shipman, 102 

2010; Zeder, 2012) that include hunting (Bicho, 2013; Crabtree and Campana, 1987; Derr, 103 

2011; Driscoll et al., 2009; Horard-Herbin et al., 2014; Lupo, 2011; Oliver Foix, 2014; 104 

Olsen 1985; Shipman, 2015); guarding (Derr, 2011; Driscoll et al., 2009; Horard-Herbin et 105 
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al., 2014; Shipman, 2015); transport (Bicho, 2013; Crabtree and Campana, 1987; 106 

Germonpré et al., 2012; Morey, 2010; Pitulko and Kasparov, 2017; Shipman, 2015); waste 107 

disposal (Crabtree and Campana, 1987; Derr, 2011; Grimm,  2015; Horard-Herbin et al., 108 

2014; Mivart, 1890; Müller, 2005; Morey, 2006); warfare (Grimm, 2015; Horard-Herbin et 109 

al., 2014); herding (Oliver Foix, 2014); clothing (pelts) (Morey, 2010; Müller, 2005; 110 

Müller et al., 2006; Pionnier-Capitan, 2010); warmth (bed-warmer) (Crabtree and 111 

Campana, 1987; Horard-Herbin et al., 2014; Manwell and Baker, 1984; Müller, 2005); 112 

entertainment (Horard-Herbin et al., 2014); pest control (Crockford, 2006; Derr, 2011; 113 

Mivart, 1890); food (canophagy) (Degerbøl, 1961b; Derr, 2011; Horard-Herbin et al., 114 

2014; Mivart, 1890; Morey, 2010; Müller, 2005); symbolic reasons such as social status, or 115 

emotional and spiritual reasons (Morey, 1992; Morey 2006; Morey 2010).  116 

   We question the utilitarian-materialistic view and provide evidence that early dogs may 117 

have been regarded and treated as a pet (defined by the Merriam-Webster dictionary as a 118 

domesticated animal, kept for pleasure rather than utility) from their very beginning, 119 

already in the Pleistocene. Our argument is based on the pathology diagnosed in the Bonn-120 

Oberkassel dog. The incomplete remains of this dog were found one hundred years ago, on 121 

the eve of the First World War, together with the skeletons of an older man and a younger 122 

woman. The site was a basalt quarry at Oberkassel, today a suburb of Bonn (Fig. 1).  123 

   The finds first were assigned to the Upper Palaeolithic based on comparisons involving 124 

portable art objects (Verworn et al., 1919).  More recent studies assign the finds to cultural 125 

remains from the Late Palaeolithic (Giemsch et al., 2015; Street et al., 2015). While the 126 

canid mandible initially was assigned as a wolf (Verworn et al., 1919), more recent 127 

research favors a domestic dog (Nobis, 1981; Benecke, 1987; Street, 2002; Henke et al., 128 

2006). Revised evaluation of the excavated non-human material resulted in assignment of 129 

several previously-unidentified fragments to the Canis individual, creating a more 130 

complete picture of the remains (Fig. 2) (Street, 2002). Very recently, the Canis specimen 131 

has been evaluated by veterinary specialists, with the purpose of more accurate diagnosis. 132 

   We present results based on a preliminary study (Janssens et al., 2015), now adding 133 

corrected and new data. First, we conducted a thorough review of the dental pathology and 134 

differential diagnosis, framing details in a clinical context.  This allowed us to assess how 135 

the represented dog must have been perceived and treated by Paleolithic hunter gatherers, 136 

particularly from the psycho-emotional perspective. Second, we refine the data concerning 137 

age at death and severity of disease. Third, we report on a second Bonn-Oberkassel dog 138 

that is of paramount importance, considering how few Magdalenian dogs have been 139 

described to date (eight over the last 100 years). Formerly unassigned bones from the find 140 
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now can be assigned to the original canine, based on new analysis. 141 

 142 

2. Material and Methods  143 

2.1 Dating 144 

Four radiocarbon dates were performed on the canine bones (for details see Table 145 

3), situating them between ca. 12900/12850 and ca. 11900/11850 cal BC.  Their weighted 146 

mean is between 12290 and 12050 cal BC (2σ) (Higham et al., 105) 147 

The female human remains were dated twice, situating them between ca. 12550/12150 and 148 

11800 cal BC. Their weighted mean  is between 12160 and 11830 cal BC (2σ). 149 

There is no statistical difference between the weighted age mean of the human and dog 150 

samples on a 1.68sigma level, and thus, the burial of the female human and dog can be 151 

considered to be a single event.   152 

The dates are consistent with the very late Magdalenian, during the early part of the last 153 

Greenland (Meiendorf) Interstadial (GI 1e). During this time, global temperatures rose 154 

sharply and the Pleistocene Mammoth Steppe was being replaced by temperate woodland. 155 

The steppe-adapted Upper Palaeolithic (in Western and Central Europe at this time) 156 

transitioned to a Final Palaeolithic environment that supported bow and arrow hunting 157 

strategies and rapid spread into previously unoccupied parts of Northern Europe (Bicho, 158 

2013; Miller and Noiret, 2011; Street et al., 2012). 159 

 160 

2.2 Genetics 161 

The mitochondrial aDNA of the Oberkassel dog confirms its status as a domestic dog 162 

(Thalmann et al., 2013) and assigns it to the C clade of the dog genomic classification 163 

(Druzhkova et al., 2013; Duleba et al., 2015). 164 

 165 

2.3 Post-cranial skeletal fragments and age, weight and height of the dog 166 

Based on morphology and morphometry, 23 individually-registered bone specimens were 167 

identified as postcranial dog remains (Fig. 2). Open epiphyseal growth plates were 168 

observed on a number of bones, including the proximal humerus, all lumbar vertebrae 169 

(Fig. 3), and the caudal axis (C2). Closed growth plates were noted on metacarpal bone, 170 

the proximal ulna, and the caudal glenoid. This young age is further supported by full  171 

dentition without attrition (Gipson et al., 2000) and a 50% ratio width of the canine dental 172 

pulpa (Fig. 5) on CT-scan images (measures according to Knowlton and 173 

Whittemore)(Gipson et al., 2000; Kershaw et al., 2005; Linhart and Knowlton, 1976). Full 174 

adult dentition with permanent teeth (which in dogs of this size is about at the age of 25 175 
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weeks (Shabestari et al., 1967)) and the growth plate observations suggest that the dog’s 176 

age at death was about 27 weeks. 177 

   Postcranial remains (n=23) included 13 fragments of axial elements (vertebrae, ribs) and 178 

nine forelimb components. Twenty-five very small bone fragments could not be 179 

determined conclusively (recorded only as cf Canis) but were suggested as skull (8), 180 

vertebra (7), rib (5), or undetermined (5). Twenty-three of these specimens subsequently 181 

have been analyzed by Frido Welker, using the ZooMS method (van Doorn et al., 2011), 182 

together with other material not suspected to be dog.  183 

   Based on the smallest humeral diameter (11.7 mm), it was calculated with conversion 184 

formulae that the dog likely was about 0.45 m tall at the shoulder, weighing about 15 kg 185 

(Onar, 2005; Onar and Belli, 2005; Janssens et al., 2015; ; Janssens et al., 2016a).  186 

 187 

2.4 Cranial and dental fragments 188 

   Ten cranial specimens were identified as dog. Among them were seven loose teeth (right 189 

mandibular I1, I2, I3, left maxillary P1 and P3, left mandibular P2, and right maxillary M1). 190 

Three jaw fragments included one coronoid process and two rami with dentition. A small 191 

bone fragment of the right pre-maxilla included I2 and I3. A partial horizontal ramus of a 192 

right mandible (Fig. 4) held four teeth (C, P4, M1 (medio-distal diameter 26.5 mm), and M2) in 193 

anatomical position.  194 

   A micro-CT scan (100 µm slices) was done for the entire mandible, demonstrating 195 

absent P2 and P3 (hypodontia, agenesis) (Fig. 5). Dental pathology included severe 196 

periodontal disease (Fig. 4) and enamel hypoplasia. There was no attrition. Abrasion was 197 

seen on the caudal side of the canine tooth  (Fig. 4). Pathological features were classified 198 

following predetermined and reproducible criteria, and results were recorded by means of 199 

an established classification adapted for use on dry skulls (Janssens et al., 2016b; 200 

Verstraete et al., 1996a; Verstraete et al., 1996b).  201 

   The Oberkassel dog remains have been presented previously as one dog (Street, 2002), 202 

mainly due to lack of duplication of any skeletal components. However, more detailed 203 

examination of features of the loose right M1 (mesio-distal diameter 14.5 mm) shows this 204 

specimen must in fact belong to a second smaller and older dog, based on difference in 205 

color, absence of red (hematite) staining, difference in attrition, and smaller size (Fig. 6). 206 

   To test the difference in size, we measured the mesio-distal diameter of the left maxillary 207 

M1 and right mandibular M1 in 25 skulls of recent mesaticephalic medium sized dogs from 208 

the collection that is curated at the Department of Morphology, Faculty of Veterinary 209 

Medicine, Ghent-University, Belgium (Table 1).  We then performed a regression analysis 210 
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using these data. The mean mesio-distal diameter M1 was 13.8 mm (12.2-15); that of M1 211 

was 23.3 mm (19.8-25.9). The mean difference between M1 and M1 was 9.5 mm, with 212 

maximal difference 11 mm. The difference in length between the two first molars of the 213 

Oberkassel specimen was 12 mm, 8% higher than the maximum among 25 modern dogs, 214 

and 26% higher than the mean difference among the modern dogs. A linear regression 215 

model with left maxillary M1 as explanatory variable and right mandible M1 as response 216 

variable showed an intercept of 9.45 (S.E.=3.54) and slope of 1.01 (S.E.=0.26; t23=3.97; 217 

p<0.0001; Fig. 7). The estimated mesio-distal diameter of the right mandible M1, based on 218 

the measured mesio-distal diameter of the left maxillary M1 (14.5 mm), equaled 24.1 mm, 219 

with a 95% prediction interval ranging between 21.9 mm and 26.3 mm. Since the observed 220 

mesio-distal diameter of the right mandibular M1 of 26.5 mm falls outside of this interval, 221 

the analysis statistically supports our suggestion that the loose left maxillary M1 tooth 222 

came from a different and smaller individual. 223 

 224 

2.5 Interpretation of dental pathology 225 

Dental pathology consists of attrition, abrasion, enamel changes, and periodontal disease. 226 

The dental terminology used here is that of the American College of Veterinary Dentistry, 227 

described in detail with illustrations at: https://www.avdc.org/Nomenclature/Nomen-228 

Intro.html (last consulted September 2017). The pathology reported here relates to the 229 

remains of the young Bonn Oberkassel dog. Observed pathology consists of tooth loss and 230 

agenesis (Fig. 5), abrasion, periodontal disease, and enamel hypoplasia (Fig. 4). 231 

Loss is taphonomic at rostral P4 and caudal M1. 232 

Agenesis of P2, P3, in the right mandible is confirmed by absent teeth and underlying 233 

alveolar structures, indicating lack of tooth bud and bell development.  234 

A minimal amount of attrition is present on I2.  235 

Abrasion (Kreeger, 2003; Van Valkenburgh, 1988) at the caudal side of the mandibular 236 

canine tooth (cage biter syndrome in modern dogs) is caused by abrasive materials that are 237 

harder than the enamel. Zhang et al., 2014) 238 

Bone loss at the alveolar rim (Fig. 4) is visible at C and on both roots of P4 and M1, as 239 

well as between the rostral and caudal root of M1, with furcation being present. The area 240 

between both roots of P4 also shows bone loss. The interdental area rostral and caudal from 241 

M1 is depressed due to bone loss. Some alveolar rims show a polished and rounded aspect 242 

typical of periodontal disease. Others (ie, around C) reveal a sharp fragmented aspect 243 

typical for effects of taphonomic processes. Clearly, both processes contribute to bone loss 244 

at the alveolar rim. Foci revealing more polished bone loss include the rostral part of the 245 
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rostral root of P4, the area between the roots of P4, the area between P4 and M1, the rostral 246 

part of the rostral root of M1, and the area between M1 and M2. The area between M1 roots 247 

suggests periodontal disease with overlying taphonomic processes. There is bone loss with 248 

a polished aspect around the alveolar margin of M3 and P1, and at the caudal side of M2    249 

   Severe periodontal disease can be appreciated by 25-50% loss of the bone pocket and 250 

visible dental roots. Periodontal disease in such a young animal is totally unexpected 251 

(Miles and Grigson, 1990).  252 

  A visible and palpable horizontal enamel line (Fig. 8) is present in C, P3, P4, and M1. On 253 

C, it is the most dorsal broad line, 2 mm wide and fully circumferential. On P4, the line 254 

appears as pits and dots. On P3, the line is present at its caudal side. On M1, it is seen as a 255 

line bending slightly ventral rostrally and covering most of the crown. The line is clear on 256 

M1 and C. Two other parallel enamel hypoplasia lines are seen below the dorsal line on C; 257 

these are less deep. This enamel hypoplasia can be related to the age that underlying 258 

pathogenic etiology occurred (Fig. 9). We suggest than an infection occurred at 19 weeks 259 

of age for the upper line and 21 and 23 weeks of age for the other lines. 260 

   Apart from pathological lesions, several examples of pseudopathology also are present 261 

(Fig. 10). The most important are tooth crown enamel cracks and fissures (mostly vertical), 262 

enamel discoloration (brown, yellow, black), fractures, and enamel sequesters. On roots, 263 

dentine pits, surface irregularities, discolorations, and cracks can be seen. Some of these 264 

lesions are present in every tooth in the specimen. Frequently, such features are 265 

taphonomic in origin. 266 

 267 

3. Discussion  268 

The general consensus is that the dog was buried together with two humans (Street and 269 

Jöris, 2015). Several factors support this contention: (a) The small archaeological area (3 m 270 

diameter, one layer) in which all three were found covered with large 20 cm thick basalt 271 

blocks and sprayed abundantly with red hematite powder, a substance foreign to the area 272 

and not discovered anywhere else in the mine (Feine et al., 2015); (b) the 14C dates 273 

statistically overlap; (c) no other human or canine remains were discovered in the larger 274 

area. Finally, it is improbable that these three corpses would have been buried separately 275 

over a long period of time, either deliberately or by accident.  276 

  The humans buried with the dog are a +-40 year old man and a - +-25 year old parous 277 

woman. Both fall within the normal stature variance of Late Palaeolithic hunter-gatherers. 278 

The man had two traumatic lesions. One is a healed oblique distal ulnar fracture of the 279 

right arm. The other is a right coro-claviculur ossification (Trinkhaus, 2015; 122-123). He 280 
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also had moderate-to-advanced periodontal disease with considerable maxillary tooth loss, 281 

severe tooth abrasion, and a dental alveolar lesion. The woman had moderate periodontal 282 

disease, dental calculus, and a dental alveolar lesion. These are features of significant oral 283 

cavity disease (Lacy, 2015). The oral condition of these two genetically very close 284 

individuals (Mittnik and Krause, 2015) seems to have been common among Late 285 

Paleolithic humans (Lacy, 2015).    286 

   Several grave goods accompanied the burial, including a bone pin, a flat elk-antler 287 

sculpture of a large ungulate head (most likely an elk), a modified os penis (baculum) of a 288 

bear, and a modified red deer incisor (Giemsch et al., 2015).  We add to this grave goods 289 

list the tooth from the second dog.  290 

   We cannot know if the dog was killed advisedly to be buried together with the humans or 291 

if it accidently died spontaneously, as a consequence of its previous illnesses, or due to 292 

other reasons, and contemporaneously with the humans. Killing of dogs to accompany 293 

human burials is not unusual in archaeological settings, and may represent a ritual or 294 

religious behavior, perhaps related to a belief in afterlife (Gräslund 2004; Larsson, 1990; 295 

Losey at al., 2014et al., 2013; Morey, 2010; Müller, 2005; Pionnier-Capitan, 2010).  296 

   Dog burials occur frequently later in time, starting in the Near Eastern Neolithic Natufian 297 

period, about 11,600 years ago (Clutton-Brock, 2012; 20-22). Important dog burials in 298 

more recent periods include those at the Koster site in Illinois and in Mesolithic 299 

Scandinavia, about 8500 to 6500 years ago (Morey, 2010). Massive dog burials took place 300 

in Ashkelon (Israel) with 1200 dogs buried about 2500 years ago (Wapnish and Hesse, 301 

1993) during the Bronze Age (Morey, 2010; 153). For an overview on dog burials see 302 

Morey (2006).   303 

   These two late Pleistocene Bonn-Oberkassel dogs provide some of the oldest undisputed 304 

evidence for domestic dogs. While the younger dog has been dated and DNA study has 305 

confirmed its status as a dog, comparable exams on the single tooth remain in progress. 306 

Since the latter is part of the burial, it must have pre-dated the younger dog by a presently-307 

unknown time period.  308 

   These Magdalenian dogs (Table 2) cluster in a group that is aged from around 14.5-15 309 

kya cal BP, from Spain: Eralla (Altuna et al., 1984); Switzerland: Kesserloch, Hauterive-310 

Champréveyres, and Monruz (Leesch and Muller, 2013; Morel and Muller, 1997; 311 

Napierala and Uerpmann, 2012); France: Montespan, Le Closeau, Le Morin, Pont 312 

d’Ambon and Saint Thibaud de Couze (Boudadi-Maligne et al., 2012; Célérier, 1994; 313 

Célérier et al., 1999; Pionnier-Capitan et al., 2011); and Germany (Verworn et al., 1919; 314 

Street et al., 2015). 315 
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   The dating of this dog grouping falls at the beginning of a long period of rapid climatic 316 

and environmental change (Greenland Interstadial 1- GI1) during which the open 317 

mammoth steppe biotope of the Late Pleistocene gave way to more wooded conditions and 318 

ultimate replacement by the fully forested conditions of the mid-Holocene (Street and 319 

Jöris, 2015). The existence of this type of environment was corroborated by stable isotope 320 

studies of both humans (Nehlich and Richards, 2015: 211).  321 

    The increasingly closed-in environment may have been an influential factor for using 322 

dogs in hunting, enabling late glacial hunter-gatherers to benefit from the superior auditory 323 

and olfactory abilities of canids (Hepper and Hepper, 2005; Hepper and Wells, 2005; 324 

Romanes, 1887). Wolves and dogs have 200 million olfactory neurons (humans have about 325 

5 million). Dogs smell 100-10000 times better than humans (Moulton, 1977), hear noises 326 

up to 80 kHz (humans detect up to 20 kHz), and detect low decibel infra-sounds kilometers 327 

away (Asa and Mech, 1995; Lipman and Grassi, 1942). Hunting assistance may provide a 328 

fundamental and logical motivation for our understanding of the desire to possess dogs       329 

   Genetic studies (Botigué et al., 2017; Pang et al., 2009; Savolainen et al., 2002) suggest 330 

that domestication of wolves may have occurred as early as about 39000 years ago in East 331 

Asia. In the latter scenario, these Magdalenian dogs could represent a Northwest spread 332 

from a surviving dog founder group, after the Last Glacial Maximum.  333 

   We have certain reservations about some reasons that have been proposed to explain 334 

wolf domestication. Herding or guarding domestic animals, and pest control around 335 

harvested food supplies, could not apply to pre-Neolithic societies where no grain storage 336 

was present. Further, rats and mice are not known to have been present in Western Europe 337 

before the Bronze Age (Cucchi et al., 2005; Donaldson, 1915). On the other hand, a role 338 

for dogs in guarding dwellings or settlements may have been beneficial during the 339 

Magdalenian because large predators such as brown bears repopulated the European 340 

landscape from southern refugia (Bocherens et al., 2011; Hewitt, 1999; Pacher and Stuart, 341 

2009; Stewart et al., 2010; Tesson, 2013; Tetzlaff et al., 2007).  342 

   Evidence for at least seasonally stable human settlements of hunter-gatherers suggest that 343 

waste disposal by dogs may have been an incidental aspect of their presence. However, the 344 

specific time period of the burials that we discuss here does not suggest local stable 345 

seasonal occupations. Further, no bone remains with dog gnawing marks have been 346 

identified from the time period (Street et al., 1994). 347 

   Other motivations for dog keeping and breeding, such as canophagy or for pelts, are 348 

highly improbable as primary factors in wolf domestication. Dogs are extremely rare in the 349 

Palaeolithic (Aaris-Sørensen, 2004; Pionnier-Capitan, 2010; Rütimeyer, 1861; Street, 350 
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1989, 1991) and cannot have been an important source of food and pelts. Cut marks on 351 

Palaeolithic dog bones as direct evidence for their consumption are just as rare (Boudadi-352 

Maligne et al., 2012; Boudadi-Maligne and Escarguel, 2014; Harcourt, 1974; Manwell and 353 

Baker, 1984; Pionnier-Capitan, 2010) and at most suggest occasional skinning and 354 

opportunistic de-fleshing.  355 

   Use of dogs for assistance in warfare is unsupported by dog remains documenting severe 356 

trauma, which would be expected in battle-associated dog remains. The disappearance of 357 

Neanderthals cannot be attributed to dog-assisted Homo sapiens-induced extinction. No 358 

dog remains are known from the final stage of the Middle Palaeolithic, the 359 

Châtelperronian, or the initial Aurignacian, the period and contexts during which Homo 360 

sapiens and Neanderthals may have co-existed. Further, the demise of Neanderthals 361 

increasingly is proposed to fall within a context of “make love not war” (Fu et al., 2015; 362 

Herrera et al., 2009; Kuhlwilm et al., 2016; Lowery et al., 2013).  363 

   The pathology observed in the young Bonn-Oberkassel dog allows several tentative 364 

conclusions to be drawn. The animal may have suffered from a morbillivirus infection at 365 

the age around age 19 weeks, and accordingly developed horizontal enamel hypoplasia of 366 

C, P3, P4, and M1.  Agenesis of P2 and P3 also could be explained by morbillivirus 367 

infection, as the virus can necrotize tooth germs (Beineke et al., 2009; Dubielzig, 1979).     368 

   Other possible differential diagnoses of observed dental pathology include genetic 369 

disease (e.g. mutations of MSX1, PAX9, AXIN2 genes) (Nieminen, 2009), trauma 370 

(Obersztyn, 1963), bacterial infection (Morningstar, 1937), and toxicological events (such 371 

as local environmental arsenic) (Özmeriç, 2002). 372 

   On the other hand, genetic reasons for hypodontia relate most frequently to P1 and M3 373 

(Andersone and Ozolins, 2000; Dolgov and Rossolimo, 1964; Janssens et al., 2016b; 374 

Losey et al., 2014; Vigne, 2011). Additionally, other known genetic mutations involving 375 

teeth are found in inbred modern dog breeds. Finally, toxicological reasons are quite 376 

improbable during the Late Paleolithic, since the sources for these events largely are 377 

modern as well. 378 

   Abrasion of C is difficult to explain in a pre-metallurgical context, since gnawing on 379 

bones does not cause such a lesion: Crystalline hydroxyapatite in bones is three times 380 

softer that than enamel (Habelitz et al., 2001; Mahoney et al., 2004). Also, if misalignment 381 

were present, one would expect a wear facet on the caudo-distal side of I3, but no such 382 

lesion is present. Another possibility might be that the lesion is an eroded enamel 383 

hypoplasia focus with locally-deficient enamel quality. Lastly, this lesion could be caused 384 

by stone chewing (pica), a behavioral phenomenon observed in some modern dogs with 385 
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compulsive disorders, boredom, or the chronic encephalitis stage of morbillivirus infection 386 

(canine distemper). A difficulty is that this abrasion feature also can be observed in ancient 387 

and modern dogs without evidence of morbillivirus infection. Thus, cautious interpretation 388 

is indicated.   389 

   While taphonomic processes are theoretically possible sources of alveolar margin 390 

pseudopathology, it is clear that very significant periodontal disease was present in the 391 

specimen that we evaluated. Such severe periodontal disease in a puppy seems 392 

incongruous; it is expected in older dogs and wolves (Albuquerque et al., 2012; Janssens et 393 

al., 2016b; Miles and Grigson, 2003; Pavlica et al., 2008; Watson, 1994). It could however 394 

be explained by immune deficiency, a disease that can cause aggressive juvenile 395 

periodontitis (Bimstein et al., 2005; Nibali, 2015) and canine morbillivirus infection is not 396 

unexpected in immune-deficient dogs (Beineke et al., 2009; Deem et al., 2000).  397 

  While a horizontal enamel hypoplasia line is very suggestive of morbillivirus infection 398 

in dogs (Bittegeko et al., 1995; May et al., 1994; Vandevelde et al., 1980), it is known that 399 

humans, apes, pigs, and seals, may develop a similar lesion from various viral and bacterial 400 

infections, malnutrition, and stress (Bittegeko et al., 1995; Dobney and Ervynck, 2000; 401 

Guatelli-Steinberg et al., 2004; Kreshover, 1944; Lukacs, 1999).  402 

   Definitive diagnosis of morbillivirus infection is done in clinical practice by extracting 403 

the virus or viral RNA (short half life) from soft tissues (Frisk et al., 1999), or by detecting 404 

histopathologic inclusion bodies (Loots et al., 2017) in brain, skin, spleen, liver, and other 405 

tissues, but not in bone. Thus, usual diagnostic methods for morbillivirus cannot be used 406 

with archaeological specimens (Haines et al., 1999; Loots et al., 2017).   407 

   Other rare reasons have been reported to cause enamel hypoplasia in dogs, including zinc 408 

deficiency in a litter of Pharaoh Dogs (Campbell and Crow, 2017); hereditary enamel 409 

hypoplasia in Swedish standard poodles (Mannerfelt et al., 2009); and recessive mutation 410 

of the ENAM gene in Italian greyhounds (Gandolfi et al., 2013). These events are most 411 

improbable Oberkassel specimen because they appear to be consequences of modern dog 412 

breeding practices. 413 

   Still other reasons could explain the horizontal enamel hypoplasia line. Potential 414 

taphonomic causes include acid water etching, erosive strangulation by plant roots, and 415 

action of rock or sand grains in eroding surfaces. No such enamel lesions were found on 416 

any of the human teeth. The corpses’ micro-environment is considered to have been quite 417 

protective, explaining the good preservation of bones and teeth (Feine et al., 2015). While 418 

morbillivirus infection cannot be presented as a definitive diagnosis, it should remain high 419 

on the list of potential differential diagnoses.   420 
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   Morbillivirus is endemic in the wild and mainly pathogenic and highly lethal in Canidae. 421 

The disease has three phases, over about three weeks’ time. Clinical signs first appear three 422 

to four days after infection, and include high fever, anorexia, dehydration, lethargy, 423 

diarrhea, and vomiting (Martella et al., 2008). During the second week, primary clinical 424 

signs include rhinitis, laryngitis, tracheitis, and pneumonia, along with continued first week 425 

signs. Most dogs (80-90%) die during this period. Neurologic clinical signs seen from 426 

week three are many, including pica and seizures. A good indicator of high lethality in a 427 

wild non-vaccinated adult population (n=544) of dogs and wolves (Losey et al., 2014) was 428 

absence of horizontal enamel hypoplasia (all infected puppies must have died). 429 

   The oral lesions in the Bonn-Oberkassel dog remains are exceptional. The dog was 430 

buried at the age of at least 28 weeks, following multiple episodes of severe illness 431 

between 19 and 23 weeks of age. The possibility of surviving a morbillivirus infection as a 432 

wild immune-depressed dog is extremely low. The two succeeding severe bouts of disease 433 

make the probability of surviving on its own almost non-existent.  434 

   We hypothesize that the dog could have survived only with long lasting and intensive 435 

human care. This would have consisted of keeping the dog warm and clean (diarrhea, 436 

urine, vomit, saliva), certainly giving water and possibly food. During active disease, the 437 

puppy was clearly too sick to be of any practical use to humans; there was no materialistic 438 

benefit. Quite the opposite, the benefit conferred was reversed, with the humans being 439 

useful to the dog. This suggests the possible existence of a unique human-canine bond. 440 

 441 

4. Conclusion 442 

The Bonn-Oberkassel dog remains are attributed to a late Palaeolithic double human burial 443 

dated to 14200 years ago. They are identified as representing two animals, one of them a 444 

mature dog from which only a maxillary M1 remained and the other represented by skull 445 

and post-cranial skeletal elements of a dog aged at least 28 weeks. We hypothesize that 446 

this dog had been extremely sick (between 19 and 23 weeks old) during a six weeks or 447 

longer period prior to its death. This hypothesis is based on the observed dental pathology 448 

that shows signatures of enamel hypoplasia, severe periodontal disease, and atypical 449 

abrasion in C. We hypothesize that this group of observations was caused by immune 450 

deficiency related to canine morbillivirus infection.  451 

   There are multiple differential diagnostic considerations at several levels, including 452 

effects of decomposition (personal communication D.F. Lawler) and taphonomic 453 

influences. We believe that canine morbillivirus infection is consistent with the pathologies 454 

that we observed. We hypothesize that this puppy could have survived only with intensive 455 
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human care over several weeks. The dog was young and sick, likely was untrained as a 456 

result, and thus had no obvious utilitarian value to surrounding humans. Thus, we 457 

hypothesize further that the inferred supportive care probably was due to compassion or 458 

empathy, without any expectation of reciprocal utilitarian benefits. We suggest that the 459 

Bonn-Oberkassel dog provides the earliest known evidence for a purely emotion-driven 460 

human-dog interaction.  461 
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Figure 1. 1046 

The location of Oberkassel near Bonn, Germany, the site of a double human burial and 1047 

the dog remains described here. Copyright: openstreetmaps.org.   1048 
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Figure 2. 1093 

Overview of bone and dental fragments of the Bonn-Oberkassel dog(s) positioned in their 1094 
anatomical location. Above: Bones and teeth arranged in the exhibit of the LVR-1095 
Landesmuseum Bonn. Photograph credited to Jürgen Vogel, LVR-LandesMuseum Bonn; 1096 
Below: Shading indicates identified elements from the left and right sides of the body 1097 
(adapted from Henke, Schmitz, Street 2006, fig. 6). 1098 
 1099 
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Figure 3. 1116 

Lumbar vertebra with open cranial (right) and caudal (left) epiphysis and open caudal 1117 
epiphysis, indicative for an age under 7 months. 1118 

1119 
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 1125 
Figure 4.  1126 

Horizontal ramus of the right dog mandible in labial view. The black arrows point out 1127 
alveolar rim bone loss in C, P4 and M1, the white arrow points at the abrasion on the 1128 
caudal aspect of the canine tooth (for details see text). Teeth present are from rostral to 1129 
caudal: Canine (C), Premolar (P4), Molars (M1, M2). Photograph credited to Jürgen Vogel, 1130 
Artwork credited to Martin Pütz, LVR-LandesMuseum Bonn. 1131 
 1132 
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 1140 
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Figure 5. 1171 

Above: View of the Oberkassel dog mandible showing the occlusal aspect of the dentition. 1172 
The P1 and M3 were lost due to taphonomic processes (alveoli can be recognized at left and 1173 
right respectively) whereas the absence of P2 and P3 is congenital (no alveoli are present). 1174 
P1 and M3 alveolar margins are rimmed; these are convincing evidence of periodontal 1175 
disease. Photograph credited to Jürgen Vogel, Artwork credited to Martin Pütz, LVR-1176 
LandesMuseum Bonn. 1177 
 1178 
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Figure 6. 1213 

Details of Bonn-Oberkassel dog teeth. The enamel of maxillary M1 (above) is whitish with 1214 
grey-black cloudy striations and advanced attrition, whereas the mandibular teeth (below) 1215 
are free of attrition with brown-yellowish coloured enamel. This difference in coloration 1216 
can be explained by a different taphonomic history, which would be supported by the 1217 
obvious taphonomic damage mid-crown on the right lateral canine (large arrow), with the 1218 
dark brown coloration of the pit left behind in the tooth.   1219 
Above: Maxillary right M1 of an older animal showing greater attrition of occlusal surface: 1220 
Left: occlusal aspect (lingual at left, labial at right); Right: caudal-labial aspect.  1221 
Below: Teeth in the right mandible of the younger animal (rostral is at right): Left: Canine 1222 
tooth in labial (lateral) aspect; Right: M1 in labial (lateral) aspect  1223 
Photograph credited to Jürgen Vogel, Artwork credited to Martin Pütz, LVR-1224 
LandesMuseum Bonn. 1225 
 1226 
 1227 
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 6   1228 
 1229 
 1230 
 1231 
Figure 7: Linear regression analysis of the mesio-distal diameter (in mm) of the left 1232 
maxillary and right mandibular first molar in 25 modern mesaticephalic, medium sized 1233 
dogs. Observations are presented as open circles.  1234 
The prediction of the mesio-distal diameter of the mandibular molar, based on the measure 1235 
of the mesio-distal diameter of the single maxillary first molar (14.5 mm), is presented as a 1236 
filled circle. The 95% prediction interval is also shown (whiskers) and does not overlap 1237 
with the dashed line corresponding to the observed mesio-distal diameter of the 1238 
mandibular firs molar in the young dog specimen (26.5 mm). 1239 
 1240 
 1241 
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Figure 8. 1259 

Above: Lateral (Labial) view on right manible.   1260 
Right premaxilla (I3, I2), mandible (M2, M1, P4, C) and mandibular incisors I3 and I1 labial 1261 
view. Left maxillary P3, P1 and mandibular P2 (in box) shown in lingual aspect. 1262 
 1263 
Below: Medial (Lingual) view on right mandible.  1264 
Right premaxilla (I2, I3), mandible (C, P4, M1, M2) and mandibular incisors I1 and I2, shown 1265 
in lingual aspect. Left maxillary P1, P3 and mandibular P2 (in box) shown in labial aspect. 1266 
Photograph credited to Jürgen Vogel, Artwork credited to Martin Pütz, LVR-1267 
LandesMuseum Bonn. 1268 

1269 
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 1272 
 1273 
Figure 9. 1274 

Schematic representation of horizontal enamel hypoplasia lines caused by a Morbilli virus 1275 
infection in dogs, in relation to their age in weeks at the onset of infection. The line seen in 1276 
the younger Bonn-Oberkassel dog indicates 19 weeks of age. Permission of F. 1277 
Verstraete, University of Davies, California, USA. Artwork credited to Martin Pütz, LVR-1278 
LandesMuseum Bonn. 1279 
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Figure 10. 1289 

Taphonomic processes in M1.  1290 

Crown: enamel cracks (1) and fissures (2) (most vertical), enamel discoloration (3) 1291 

(brown, yellow, black), enamel sequesters and chip fractures (4). 1292 

Root: dentine pits and surface irregularities (5), discoloration (6) and dentine sequesters 1293 

(7). Photograph credited to Jürgen Vogel, Artwork credited to Martin Pütz, LVR-1294 

LandesMuseum Bonn. 1295 
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