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A B S T R A C T   

Objectives: We report here a stingray spine (Dasyatidae) found embedded in the femur of a male skeleton from the 
archaeological site of Uedomari-5, Rebun Island, Hokkaido, Japan. 
Materials:  A single well-preserved but incomplete human skeleton. 
Methods: Macroscopic observation and low power magnification, CT imaging, radiocarbon dating and stable 
isotope (carbon, nitrogen) analysis. 
Results: The stingray spine is tentatively identified as Bathytoshia brevicaudata. CT imaging shows no healing, 
indicating that death occurred shortly afterwards. The skeleton has been directly radiocarbon dated to the 
Okhotsk period (cal AD 429–827), with δ13C (− 13.7‰) and δ15N (19.3‰) values indicating a diet focused on 
marine foods. 
Conclusions: The absence of healing in what would have been a non-lethal injury strongly suggests that the spine 
tipped an arrowhead, rather than being the result of an accidental encounter with a living stingray. It is possible 
that the injury reflects a period of increased conflict coinciding with, or following on from, the expansion of the 
Okhotsk culture from Sakhalin into northern Hokkaido. 
Significance: Uedomari-5 provides the first example, to our knowledge, of a stingray spine directly embedded in 
human bone at an archaeological site. More widely, the finding contributes to our knowledge of conflict in 
northern hunter-gatherer communities. 
Limitations: Given the early excavation date (1949–50), there is little contextual information available for the 
burials. 
Suggestions for further research: ZooMS (Zooarchaeology by Mass Spectrometry) may be able to identify the 
stingray species. Archival research may provide more information concerning the excavations at Uedomari-5.   

1. Introduction 

The use of stingray spines as spear and projectile armatures is 
widespread in the ethnographic and ethnohistorical literature, including 
accounts from Japan (Ishikawa, 1962; Ohnuki-Tierney, 1976), 

Southeast Asia (Gimlette, 1915), Australia (Roth, 1909), Melanesia 
(Haddon, 1890), the South Pacific (Bascom, 1965; Martin, 1991), and 
the Americas (Keegan and Carlson, 2008; Lothrop, 1937; Wilbert, 1972; 
Purdy, 1977). Uses include terrestrial hunting and fishing, as well as 
warfare, while in Mesoamerica stingray spines were used for ritual 
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bloodletting (de Borhegyi, 1961). Archaeologically, the evidence is 
rather more ambiguous, since stingrays were also taken for food, and so 
their spines could become incorporated into midden deposits without 
necessarily having been utilised as implements. Nevertheless, on occa
sion both context and working of the spines provide clear evidence of 
their use, specifically as armatures in the latter case. The oldest known 
examples come from Niah Cave, Borneo, where stingray spines worked 
at their proximal ends, and with evidence for hafting, were recovered 
from levels radiocarbon dated to 8982–8645 cal BP (Barton et al., 2009). 
Importantly, in the context of this paper, examples of worked stingray 
spines are also known from prehistoric and early historic Hokkaido, 
northern Japan, including the sites of Hamanaka and Kafukai on Rebun 
Island (Kodama and Oba, 1952; Oba and Ohyi, 1976, 1981). 

Even when archaeological examples of stingray spines can be 
accepted as having been used as armatures, this does not inform on how 
they were used; specifically, whether they were they used in hunting or 
in warfare. At the site of Na Galera (100 BC/AD 100) on Mallorca, Spain, 
for example, the skeleton of a young adult male was found with a 
complete stingray spine in the abdominal area (Argüello Menéndez, 
2020: 145–147). As it was not embedded in bone, it is unknown whether 
this was the cause of death. A similar example comes from the 
pre-Columbian (ca. AD 1000) site of Maisabel, Puerto Rico, where a 
stingray spine was found lying parallel to the ribs in the mid-chest area 
of an adult male skeleton and interpreted as an armature causing the 
death of the individual (Budinoff, 1991: Fig. 1), though again the fact 
that the spine was not actually embedded in bone makes this tenuous. In 
this paper, we present a case of a stingray spine tip embedded in a 
human femur from the site of Uedomari-5, Rebun Island, Hokkaido, 
northern Japan (Fig. 1). The skeleton has been directly radiocarbon 
dated to the Okhotsk culture of the mid- to late first millennium AD. 

After considering other alternatives, we argue that it provides the 
earliest known direct evidence for the use of a stingray spine in inter
personal conflict. The wider sociocultural context is then considered. 

2. Stingrays and stingray spines 

Stingrays (order Myliobatiformes) are widely distributed worldwide, 
both in oceans and in large rivers. Various species of the Dasyatidae 
family of whiptailed stingrays frequent the waters of the Northwest 
Pacific Ocean, including those around Hokkaido (Schwartz, 2007). They 
generally inhabit near-shore waters, with adult wingspan ranging ca. 
0.35–0.5 m. The caudal spine of the lower third of the tail is modified 
into from one to four barbed spines composed of vasodentine, each 
encased in an integumentary sheath covering two ventrolateral grooves 
that contain venom glands producing proteinaceous toxins, including 
phosphodiesterase, 5’-nucleotidase and serotonin (Cook et al., 2006; 
Haddad et al., 2016; Forrester, 2005). The spines are used for defence, 
the stingray arcing its body forward to deliver a powerful whip-like 
strike with its tail when threatened. Most injuries to humans today occur 
when the fish are inadvertently trodden upon in shallow waters, and so 
mainly affect the foot and lower leg (Clark et al., 2007; Haddad et al., 
2013; Myatt et al., 2018; Russell, 1953; Russell et al., 1958; Smarrito 
et al., 2004; Srinivasan et al., 2013). The next most frequent injuries 
occur when fishermen remove stingrays from their nets, and are mainly 
to the hand and forearm, but may impact other parts of the body 
(Russell, 1953; Russell et al., 1958). Stingray injuries cause immediate 
and intense pain if the venom-containing integumentary sheath is intact, 
although this is sometimes lost in larger stingrays, and is easily 
damaged, e.g., when caught in nets (Russell et al., 1958). Deaths are 
very infrequent, and usually involve penetration of the heart or of the 
abdomen, or, when medical attention is not received, result from sub
sequent infection (Cook et al., 2006; Diaz, 2008; Fenner et al., 1989; 
Lippmann et al., 2011; O’Malley et al., 2015; Rathjen and Halstead, 
1969; Russell, 1953; Russell et al., 1958). 

3. The Uedomari site 

Uedomari is located on the northeast coast of Rebun Island, Hok
kaido, northern Japan. Professor Sakuzaemon Kodama of Hokkaido 
University excavated the site in 1949 and 1950. The published account 
focusses mainly on the pottery, with no mention of human remains 
(Oba, 1968). Nevertheless, the available records only refer to these ex
cavations, hence Uedomari-5 and the other skeletal remains attributed 
to Uedomari in Hokkaido University’s Faculty of Medicine were most 
likely recovered at this time. 

3.1. The Uedomari-5 skeleton 

While much of the postcranial skeleton of Uedomari-5 is present, the 
skull is represented by only a few small fragments (Fig. 2). The surviving 
right pubic bone together with the size and robusticity of the longbones 
strongly suggest that the individual is male (Buikstra and Ubelaker, 
1994). A relatively precise age-at-death of 18–20 years can be deter
mined by longbone fusion. The mean maximum length of the two 
femora is 43.8 cm, and that of the tibiae (including the medial malleo
lus) is 35.5 cm. Using the regression formulae for native northern North 
Americans (Auerbach and Ruff, 2010), the stature of Uedomari-5 is 
estimated as 160.5 ± 2.7 cm, within one standard deviation of mean 
stature for Okhotsk males (Kudaka et al., 2013). 

3.2. Radiocarbon dating and the cultural affiliation of Uedomari-5 

Radiocarbon dating and stable carbon (δ13C) and nitrogen (δ15N) 
isotope measurements, using AMS and EA-IRMS, respectively, were 
undertaken at The University Museum, University of Tokyo. The 
extracted gelatin meets the quality control criteria for well-preserved 

Fig. 1. Location of the Uedomari site, Rebun Island, and other sites mentioned 
in the text. 
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collagen, based on collagen yield, %C, %N and C/N ratio (Table 1) 
(DeNiro, 1985), with δ13C and δ15N values of − 13.7‰ and 19.3‰, 
respectively, suggesting a near-total (95 ± 5%) reliance on 
high-trophic-level marine protein. 

This high consumption of marine resources complicates the calibra
tion of the radiocarbon date of 2172 ± 28 BP (TKA-18612). Two different 
ΔR values are possible for this area (Table 1, Fig. 3). That of 30 ± 58 14C 
years is based on the difference between dates on marine shell (3518 ± 39 
BP) and charcoal (3008 ± 25 BP) from Hamanaka II on Rebun Island 
(Miyata et al., 2016; re-calculated using deltar (Reimer and Reimer, 
2017)). This gives Uedomari-5’s age as cal AD 172–563 (95.4% confi
dence), encompassing the Epi-Jomon and spanning the Early Okhotsk 
period. Applying a larger ΔR offset of 304 ± 70 14C years, estimated from 
foodcrust on Jomon pottery from Hamanaka II (3794 ± 25 BP; Miyata 
et al., 2016), shifts the age to cal AD 429–827 (95.4%), spanning the Early 
to Late Okhotsk (Junno et al., 2020). This latter estimate is preferred, 
since the high δ13C and δ15N results from Uedomari-5 are more consistent 
with the Okhotsk period as seen elsewhere in northern Hokkaido, with 
diets more heavily based on marine mammals than were those of the 
preceding Jomon (Tsutaya et al., 2014). 

4. A sting in the tail 

The greater trochanter of the left femur of the Uedomari-5 skeleton 
retains the firmly embedded tip of a bilaterally serrated stingray spine 
(Figs. 4 and 5). It protrudes from the bone at a sharp downward angle of 
ca. 70◦ with a maximum of ca. 6 mm exposed, and a maximum width of 
ca. 4.5 mm. Five serrations are visible on one side, with a spacing of ca. 
1 mm. CT imaging demonstrates the presence of six and eight serrations 
and an intact distal point of the spine, penetrating the bone to a depth of 
13 mm (Fig. 6). 

There are no clear indications of healing (Fig. 6). The affected area 
serves as the attachment site for the gluteus minumus muscle, sur
rounded by the gluteus medius and tensor fasciae latae muscles and iliac 
band. Penetration here would not involve the severing of any major 
arteries; therefore, the injury would not be immediately life-threatening. 
The fact that the point is still embedded suggests either that no attempt 
was made to pull out the barb, or that the tip of the point broke off 
during such an attempt, remaining lodged in the bone. 

4.1. Species identification 

The candidate species based on their likely presence in the waters 
surrounding Hokkaido are the red stringray (Hemitrygon akajei), the 
pitted stringay (Bathytoshia brevicaudata, previously Dasyatis matsubarai 
– Last et al., 2016), the Japanese eagle ray (Myliobatis tobijei) and the 
pelagic or blue stingray (Pteroplatytrygon violacea) (Table 2). The spine 
tip embedded in the Uedomari skeleton is too incomplete for species 
identification, but based on the size of the stingray spines from the 
Okhotsk site of Kafukai, Rebun (see below), and on modern species 
distributions, the most likely candidates are H. akajei and 
B. brevicaudata. M. tobijei can likely be excluded because of its small 
spines, while P. violacea is a pelagic species rarely caught inshore. While 
H. akajei is common in the waters surrounding southern Hokkaido, its 
modern range does not extend as far north as Rebun Island. 
B. brevicaudata, however, has been recorded off of northeast Hokkaido, 
and would likely also be present in the Okhotsk Sea (Nagao et al., 2011). 
This, together with the size of the spines, makes B. brevicaudata the most 
likely candidate for the large specimens recovered from Kafukai 
(Table 3) and for Uedomari. 

Another possibility is that stingray spines were traded up from 
southern Hokkaido (e.g., for H. akajei spines) or further afield. There is 
ample evidence for long-distance contacts and exchange in both the 
Jomon and Okhotsk periods on Rebun Island, with shells deriving from 
the waters of southern Japan (Yamaura, 1998), and walrus tusks from 
the north worked into figures, and well as jade from Niigata in central 
Honshu (Matsumoto, 2011). 

5. Discussion 

5.1. Accident or intent? 

A crucial point to consider is whether the injury was the result of an 
encounter with a living stingray or whether the spine tipped an arrow or 
light spear: in other words, accident or intent? As noted above, most 
injuries involving encounters with live stingrays in the water are to the 
feet and lower limbs rather than the upper thigh. But if the stingray had 
been brought into a boat – the second most common situation resulting 
in modern injuries – then it may have struck essentially anywhere. In the 
alternative case of its use as an armature, the downward angle of the 

Fig. 2. Uedomari-5 showing skeletal elements present.  

Table 1 
Bone chemistry and dating results for Uedomari-5. Calibrated in OxCal 4.4 using mixed atmospheric (IntCal20) and marine (Marine20) calibration curves (Heaton 
et al., 2020; Reimer et al., 2020).  

Lab code 14C yr ΔR cal AD δ13C δ15N % col %C %N C:N 

TKA-18612 2172 ± 28 30 ± 58 172–563 -13.7‰ 19.3‰ 2.5 46.7 16.2 3.4 
” ” 304 ± 70 429–827 ” ” ” ” ” ”  

R.J. Schulting et al.                                                                                                                                                                                                                             



International Journal of Paleopathology 38 (2022) 107–114

110

embedded barb indicates that the spine was driven down from above, 
which could indicate either that the arrow was at the very end of a long 
arcing trajectory, or that was shot down from a height (e.g., from an 
individual positioned on a hillside). 

While both scenarios – accident or intent – are plausible, and 
therefore difficult to choose between, the absence of any bony reaction 
around the barbed spine indicating the onset of healing suggests that the 
individual died soon after. Yet the location of the injury would not have 
been life threatening, nor are the toxins in stingray barbs lethal to 
humans, especially not to a young adult male. In 1392 cases of stingray 
injuries reported in the literature for US waters, there were only two 
fatalities (0.14%), both involving young boys struck in the abdomen 
(Clark et al., 2007; Forrester, 2005; Russell, 1953; Russell et al., 1958). 

While a stingray may be able to drive its spine into bone, such cases are 
rare; indeed it is rare for the spine to be retained in the wound at all, 
recorded in only 13 of 713 (1.8%) of reported cases, none of which are 
noted specifically as involving bone (Clark et al., 2007; Myatt et al., 
2018; Russell et al., 1958, Table 1). This strongly implies that another 
injury or injuries received around the same time resulted in the death of 
the Uedomari-5 individual. The missing cranium is particularly unfor
tunate in this regard, as any lethal blow would likely have been deliv
ered to the head (cf. Hudson et al., 2020). 

Examples of stingray spines known from Okhotsk contexts at Hama
naka and Kafukai on Rebun Island itself (Fig. 7) (Kodama and Oba, 1952; 
Oba and Ohyi, 1976, 1981), and at Moyoro on mainland Hokkaido (Oba, 
1955) as well as many Jomon sites in the Japanese Archipelago (Kaneko 

Fig. 3. Plots of the calibrated date for Uedomari-5, using alternative ΔR values of: a) 304 ± 70 yr; and b) 30 ± 58 yr.  
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and Oshizawa, 1986a, 1986b; Kawazoe, 2009), including Kitogane on 
southern Hokkaido and Satohama on northern Honshu, where a stingray 
spine was found embedded in the scapula of a sika deer (Cervus nippon) 
(Okamura, 1984). In a number of cases it is clear that the spines have been 
worked, usually modified at the base, but sometimes resharpened at the 
tip (Fig. 8) (Kaneko and Oshizawa, 1986a; Kawazoe, 2009). 

Spears tipped with stingray spines were reportedly used by the Ainu 
for hunting bears (Ishikawa, 1962; Ohnuki-Tierney, 1976). They are also 
reported to have used Aconitum sp. (monkshood or wolf’s bane) plant 
toxins mixed with ground stingray spines for hunting (Bisset, 1976; 
Ishikawa, 1962), though the efficacy of this is not clear: its addition to 
the undoubted powerful aconite toxins may have been more ritual than 
practical. 

In any case, it is unlikely that the reason for the use of stingray spines 
as armatures was entirely a matter of their ‘readymade’ quality; rather, 
there may have been powerful magico-religious elements at play, 
particularly when employed in warfare. For the Ainu, mythic aspects of 

Fig. 4. Anterior (left) lateral (right) views of proximal left femur of Uedomari-5, with the location of the barbed spine circled.  

Fig. 5. Lateral (left) and end (right) views of the embedded spine. Scale 
is 1 mm. 

Fig. 6. Orthogonal views of cross-sectional CT images and the colour enhanced 
rendering image of the embedded spine. 
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the stingray, Ai-koro-chiep in Ainu, are revealed by the belief that it 
caused earthquakes (Ishikawa, 1963). Even though rarely fatal, it may 
be that experience of the considerable pain caused by the toxin influ
enced the choice of stingray spines as armatures for use in conflict. 
Additional factors may have included the difficulty of extracting the 
barbed point without causing further soft tissue injury, and the likeli
hood of the relatively fragile tip breaking off inside the wound and 

causing subsequent infection. 
The potential dating of Uedomari-5 to the first centuries of the 

Okhotsk culture may be significant. The Okhotsk culture has long been 
seen as intrusive into Hokkaido via Sakhalin and, prior to that, the Amur 
River Basin region of mainland northeast Asia (Befu and Chard, 1964; 
Hudson, 1999; Yamaura, 1998). This has received ample confirmation 
through analyses of both osteological biological distance measures and 

Table 3 
Measurements on stingray spines from Kafukai I (a – Oba and Ohyi, 1976; b – Oba and Ohyi, 1981). See Fig. 7 for images.  

Context Monograph reference Cat. no. Fig. 7 Condition max L (mm) max W 

Layer II Fig. 147–13a  5015 a complete  78.4  5.6 
Layer III Fig. 267–10a  11196 b broken tip, modified  83.4  11.4 
Housepit Fig. 292–2a  6924 c complete, modified  76.2  9.0 
Layer IV Fig. 385–20b  16584 d complete  126.0  9.2 
Layer IV Fig. 385–21b  2294 e broken base  86.0  7.5 
Layer IV Fig. 385–22b  13167 f broken tip  74.1  7.4 
Layer IV (1968) Fig. 465–2b  257 g tip and base broken  68.4  7.4  

Fig. 7. Stingray spines from Okhotsk layers at Kafukai, Rebun Island (Oba and Ohyi, 1976, 1981): ‘b’ and ‘c’ have resharpened tips, while ‘c’ also shows a 
reworked base. 

Table 2 
Tail spine measurements (mm) for four species of ray in northern Japanese waters. Comparisons were made by K Nishida using the collections of the Hokkaido 
University Fisheries Science Museum and the Osaka Aquarium Kaiyukan Marine Biology Research Laboratory, Iburi Center.  

Species Tail spine length (Schwartz, 2007) Tail spine length (this study) Tail spine width (this study) 

B. brevicaudata 41–98 85.5–104.9 7.0–8.5 
H. akajei 41–42 35.5–93.5 3.5–5.5 
M. tobijei 26–42 40.5–52.0 4.5 
P. violacea 75–156 127.0–162.0 7.0–8.5  
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ancient DNA (Matsumura et al., 2009; Sato et al., 2007). Considering the 
earliest part of its date range, Uedomari-5 could relate to the very 
earliest appearance of Okhotsk groups from Sakhalin, with the potential 
for conflict with Epi-Jomon communities then living on Rebun and 
across northern Hokkaido (having been displaced from the southern tip 
of Sakhalin; Ono, 2003). Within one to two centuries at most the 
Okhotsk culture spread across northern Hokkaido but remained 
coast-bound, not surprisingly given its specialised marine economy. 

The extent to which Okhotsk migrations were contested by existing 
communities is not known, but there does appear to have been an in
crease in the prevalence of conflict in the period as a whole. Okhotsk 
fortifications are known, compared to their apparent absence in the 
Jomon, and culminating in the ca. 520 Ainu hilltop fortifications, chasi, 
known across Hokkaido (Vasil’evskii and Golubev, 1976, cited in Fitz
hugh et al., 2004; Samarin and Shubina, 2007); excavations have shown 
that comparable sites in Sakhalin have Okhotsk antecedents (Hirakawa, 
1994, cited in Hudson, 1999: 216). Yet is clear from skeletal evidence 
that lethal conflict occurred within both periods. An obsidian projectile 
point was found embedded in the head of the right femur of an adult 
male at the Epi-Jomon site of Usu-Moshiri (previously Usu-10) (Mat
sumura, 1989), while an adult female cranium from the Epi-Jomon site 
of Minami-Usu 6 exhibits a perimortem injury (Dodo, 1983; Hudson 
et al., 2020). A stone projectile point was found embedded in the right 
innominate of an adult male from the Okhotsk site of Ohmisaki 2, with 
no signs of healing (Yamaguchi, 1967). A number of cases are known 

from the large, mainly Okhotsk cemetery of Moyoro in eastern Hok
kaido. An adult male exhibits an embedded bone projectile fragment in 
the left innominate, with no signs of healing. More striking is another 
adult male with an obsidian point fragment in the left proximal tibia, 
showing a degree of healing consistent with survival for some months at 
least, as well as three projectile injuries showing no indications of 
healing. These comprise a bone projectile embedded in a thoracic 
vertebra (T12), and two embedded obsidian point fragments, one to the 
right innominate and the other to the head of the left femur (Terazawa, 
2006). Additional crania injuries, both ante- and perimortem, have been 
identified at this site and are currently being prepared for publication. 

6. Conclusions 

A young adult male skeleton from the site of Uedomari exhibits the 
broken tip of a stingray spine firmly embedded in the left femur. The 
injury shows no signs of healing, indicating that the individual died 
either immediately or soon after. Given that stingray spines are very 
rarely lethal, particularly when affecting the extremities, we argue that 
the spine most likely tipped an armature. The skeleton has been broadly 
dated to the Okhotsk period (cal AD 429–827), with the large range 
caused by the added uncertainty introduced by the marine reservoir 
effect. If the individual dated from the earlier part of this range, it is 
possible that he belonged to an Early Okhotsk community still in the 
process of establishing its territory. Rebun Island is located in the initial 
contact zone between Sakhalin (the immediate origin of the Okhotsk 
population and culture) and Hokkaido, and so would have been at the 
forefront of Early Okhotsk expansion, as well as possibly acting as a 
border zone between increasingly differentiated groups on Sakhalin and 
Hokkaido in the following centuries. 

The Uedomari-5 skeleton provides the first example, to our knowl
edge, of a stingray spine directly embedded in a human bone from an 
archaeological site. Aside from its intrinsic interest, the finding also 
contributes to the ongoing debate regarding the prevalence of conflict in 
hunter-gatherer communities (Allen and Jones, 2014; Bowles, 2009; Fry 
and Söderberg, 2013; Nakao et al., 2016). 
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