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Hunted or something else? Investigating ‘after-impact’ perforations in prehistoric seal scapulae from ˇSventoji, Lithuania
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Abstract: Animal scapulae bearing distinct holes (in some cases, even more than one or two) come from several European prehistoric sites, mainly associated with the hunter-gatherer-fisher communities. The genesis of holes is usually interpreted unambiguously, i.e. it is associated with hunting and hitting the scapula with a point or harpoon. Artefacts of this type also come from the Subneolithic sites in Šventoji (coastal Lithuania). This article discusses the results of the traceological studies they were subjected to and the results of the experimental program implemented for their needs. The microscopic analysis of the experimentally perforated scapulae precisely described the impact traces (PIMs) created after hitting the bones with various types of osseous and flint points. It became a base for the studies on the direction and angles in which the Šventoji scapulae could have been perforated. As a result, an alternative hypothesis for the genesis of holes visible on these artefacts is proposed, i.e. their connection with meat smoking/roasting.

1. Introduction
Contemporary interpretations of the hunting practices of Stone Age hunter-gatherer-fisher communities are based primarily on zooarchaeological analyses of the bones of hunted animals (e.g. Noe-Nygaard 1974; Gaudzinski-Windheuser 2016), traceological studies (and others) of preserved elements of hunting weapons (e.g. Bradfield 2016; Aleo et al. 2023), and interdisciplinary studies of specific hunting sites, the so-called killing sites (e.g. Prummel et al. 2002; Prummel & Niekus 2011; Leduc 2014). A beneficial category of archaeological sources in this respect are also those bones of hunted animals that bear traces resulting from contact (impact) with hunting weapons. In such cases, even fragments of the used arrowheads can be preserved in favourable circumstances (Boriskowski, 1965; Schuler, 1994; Castel, 1999; Nikolskiy & Pitulko, 2013), but as a rule, we are dealing only with the destruction they caused, i.e. the so-called projectile impact marks (PIMs). Two classification systems for this type of use-wear traces have been developed recently. The first was presented in the article by Smith et al. (2020) and drew on earlier studies by O'Driscoll and Thompson (2014) and Gaudzinski-Windheuser et al. (2018). The second classification was presented in the article by Yeshurun et al. (2024) and was based on the findings of Letourneux and Pétillon (2008) and Morel (1993). Both classification systems are similar and assume the distinction of PIM categories as notches, punctures, perforations, embedding, cracking and striations. The first of the mentioned classifications also includes fracture and beveling categories (Smith et al. 2020).
	Among the relatively large number of animal bones from the Stone Age showing PIM damage (cf. Letourneux & Petillon 2008; Smith et al. 2020), a special category is formed by animal scapulae with perforations. These objects are pretty widely considered to be one of the most spectacular pieces of evidence for hunting practices in this period, although suggestions have also been made that some of the holes visible in them may have been related to meat smoking (Bratlund, 1991; Blankholm, 1996; Leduc 2014; Reynaert et al. 2023), or post-depositional processes (Noe-Nygaard, 1973). Such scapula come from many Paleolithic sites, such as Boxgrove (Roberts, 1999) and Swanscombe (Smith, 2010) in the UK, Kokorevo I (Boriskowski, 1965; Abramova, 1982) and Yana (Nikolskiy & Pitulko, 2013) in Russia, Combe Sauniere (Castel, 1999), Isturitz (Letourneux & Petillon 2008) and Veyrier (Sauter, 1985) in France, and Schussemquelle (Schuler, 1994) and Stellmoor (Bratlund, 1990) in Germany. Several have also been discovered in Mesolithic collections, e.g. Star Carr (Noe-Nygaard, 1975) in the UK or Amose bog, Grænge mose, Jordløse, Kongemosen, Maglemose, Sverdborg and Vig in Denmark (Noe-Nygaard, 1974). An exciting collection of such objects comes from the Subneolithic (Ceramic Mesolithic) site at Šventoji in Lithuania (Rimantiene 2005, 55, Fig. 26; Luik & Piličiauskienė 2016). As in other cases cited, the visible perforations have been considered the result of hunting practices, although these artefacts have not been subjected to professional traceological studies (Luik & Piličiauskienė 2016). The research reported in this article aimed to credibly scientifically verify the suggestions about the connection of the perforations mentioned with the hunting practices of the Subneolithic communities based on the results of targeted experimental studies and precise use-wear analysis. This problem is, in our opinion, significant in the context of the ease with which suggestions are made about the genesis of this type of destruction in the context of the absence of their sanctioning by actual scientific evidence.

1.1. Sites in Šventoji
The archaeological complex of Šventoji in north-west Lithuania consists of about 60 sites dating from the Late Mesolithic to the Late Bronze Age, i.e. 6000-500 cal BC (Fig. 1). They are located on a swampy Littorina sea terrace, 16 km long and up to 2.5 km wide, stretching between the City of Palanga and the Lithuanian-Latvian state border (Piličiauskas et al. 2012; Piličiauskas 2016). However, it is famous mainly due to well-preserved and numerous artefacts made from plant and animal materials excavated at Subneolithic and Neolithic wetland sites dating to ca. 3900-1800 cal BC (see Rimantienė 2005; Piličiauskas 2016; Piličiauskas et al. 2012; 2019a; 2019b).
The artefacts studied in this article come from Šventoji sites 1, 4 and 23. While Šventoji 4 is a fishing site in the middle of a lagoon lake, Šventoji 1 and 23 have both dwelling areas on dryland and refuse zones on littoral parts of the same lagoonal lake. These three sites date from the same period – ca. 3500-2500 cal BC. Excavations at them have been summarised in many of our previous publications and will not be repeated here (e.g. Osipowicz et al. 2020a; 2024). 

2. Material and methods
	The collection of artefacts studied traceologically for this article includes six seal scapulae (Fig. 2-7; cf. Tab. 1). One was discovered at Šventoji 1 site (Fig. 3), three at Šventoji 4 site (Fig. 2, 6, 7), and two at Šventoji 23 site (Fig. 4, 5). All these scapulae belong to harp seal (Pagophilus groenlandicus) and come from animals older than ten months (fused Supraglenoid tubercle; Storå 2000). However, the animals were already subadult-adults, i.e. generally fully-grown seals, as indicated by the fact that the dorsal scapular cartilage were fused or partially fused.
Traceological analyses of individual artefacts included in the analysed collection were conducted in different periods and using different equipment. This was reflected in the varying quality of the microphotographs included in the article and discrepancies in their format. Most traceological analyses were performed using a Nikon SMZ-2T microscope coupled with a Nikon D7100 camera. This device enables the analysis at the magnitude of up to 120×. Using this set, the micrographs visible in Fig. 2C-E; 3D-F; 4D, J, K; 5A-D; 6A-E; 7B, D and 14A-C, E-J were taken. A Nikon SMZ-745T microscope (magnification up to 65×) fitted with a Delta Pix Invenio 6EIII camera was used to take the photomicrographs presented in Fig. 3B, G; H, Ha; 4B, I; 7A, Aa; C, Ca and 14D. Observations on the polish were also made using two microscopes. The first is a Motic AE2000MET microscope with max objective magnitude up to 50× (real magnification up to 500×) fitted with a Moticam 5+ camera. The photomicrographs presented in Fig. 4E, F and H were taken with this equipment. The second is a Zeiss Axioscope 5 Vario microscope with an Axiocam 208 camera. This equipment was used to take the photomicrographs presented in Fig 3C, 4G, 6F, 14K, and L. Photos visible in Fig. 2A, B, 3A, 4A, and C were taken using a camera.
The traceological terminology applied in this research was based on the system adopted in the literature (e.g., Newcomer, 1974; Legrand, 2007; Buc, 2011; Smith et al., 2020; Yeshurun et al., 2024), adjusted for the purposes and requirements of the analysis. The descriptions relating to the locations of observed damages on the scapula surface are based on the zooarchaeological terminology presented in Fig. 8. 
As a result of the influence of various processes (primarily secondary breakages), the shape and size of the "primary" perforations created in the scapulae were modified (in some cases significantly). The area within the currently legible perforations/damage containing changes with probably "primary" features, indicating a possible connection with human activity, was marked on the figures with a blue dashed line and the symbol "a" (cf. Fig. 2-5, 7). It was assumed that the breakages outside this area are probably mainly of "secondary" origin (to a large extent post-depositional). However, it is not definitively ruled out that some may be related to human activity. Only in the case of scapula no. 5, a zone of "secondary" damage did not occur within the perforations (Fig. 6). 
Perforations visible on artefacts were characterised in terms of their features on facies lateralis and facies costalis of the scapulae, as well as from the perspective of the split plane features (characteristics of bone fracture at the perforation area). To verify their possible relationship with PIM-type damage, perforations made during experiments with hunting weapons were analysed from the same perspective, i.e. inlet hole, outlet hole, and split plane features.
	Studies on the possible impact zones that could be source areas for impacts generating PIMs with the features visible on the Šventoji scapulae have been made using a 3D model of the harp seal (Pagophilus groenlandicus) provided by the Natural History Museum of the University of Pisa: https://sketchfab.com/3d-models/harp-seal-34394ec019134f568481b10624a0bd97
2.1. Experimental archaeology program:
	To verify whether the perforations visible in the seals' scapulae from Šventoji could be the result of the hunting activity of the Middle Holocene communities, an experimental program was planned and carried out, taking into account the specificity of archaeological sources from this complex of sites. Hunters from Šventoji used spears equipped with slender points, bone harpoons, and bows and arrows, with heads made of bone and stone raw materials. Relatively many remains of both hunting weapons come from the cited sites (Fig. 9). The archaeological experiments planned for the needs of the described studies had to consider this situation, so they were divided into two stages. In the first, experiments were carried out with hand-held, piercing hunting weapons, i.e. spears. During these experiments, 16 osseous spearheads were used, with shapes analogous to those found at the Šventoji sites. Four points and four barbed points from the red deer (Cervus elaphus) metapodium bones and 5 points and three barbed points from the red deer antlers were used (Fig. 10A). The spearheads were mounted in shafts about 1.5 m long, with the help of which they were driven into the target (Fig. 10B). Twenty fresh pig scapulae, wrapped in pig skin with a thick layer of fat, were used as targets. The scapulae were placed on a layer of snow, which helped cushion the impact and protected the tip of the spearheads from breaking due to contact with the frozen ground (Fig. 10B-D). All types of spearheads used penetrated the skin with fat and the scapulae without any significant problems (Fig. 10C-H).
	In the second stage, archery experiments were carried out, during which six arrows equipped with bone heads of two types (oval and similar to a triangle in cross-section) and three equipped with leaf-form, surface retouch heads (similar to those from Šventoji) were used (Fig. 11A). A straight bow with a draw weight of 12 kg was used to shoot the arrows. In this case, pig scapulae (4 pieces) were also used as the target, which were attached to an archery target (Fig. 11B). Shooting was carried out from a distance of about 5 m. All types of arrowheads used penetrated the target scapulae without any significant problems (Fig. 11B-F).

3. Results

3.1. Use-wear observed on the artefacts
The exact characteristics of the damage observed on the analysed artefacts are presented in Table 1. The information contained therein can be summarised as follows. 
On most of the analysed scapulae, single perforations were observed, which could have been created due to human activity (possible PIMs). Only in one case (Fig. 6) are two perforations of this type visible on the scapula. On artefacts no. 1 and 6, remnants of healed perforations were recorded (Fig. 2 – marked with a blue arrow, Fig. 7D). However, no clear evidence was found to link their genesis with human activity.
The holes visible on the Šventoji scapulae differ significantly in shape and size. Their maximum diameter/recorded width ranges from 2 mm to 28 mm. There were perforations of oval shape (Fig. 2, 5), oval with a characteristic "spike" (Fig. 3, 4), comet-like (Fig. 7) or triangular (Fig. 6, hole P1), as well as lenticular (Fig. 6, hole P2).
The damage visible in zone "a" of individual artefacts (including the fully preserved perforations P1 and P2 from blade no. 5) is uniform and analogous. On the lower sides of the scapulae (Facies costalis/medialis), the observed use-wear traces (?) are only compression cracks and indentations of the bone fragments into the perforations, with a simultaneous lack of usage retouch (Fig. 3A; 6B, C; 7C, Ca). The edges of the holes are even and usually slightly rounded (Fig. 2B; 3A; 4C; 5D; 6B, C). Multi-step usage retouch is visible on the upper sides (Facies lateralis), passing into flat surface breaks with step terminations. Crushing and single compression cracks are also visible here (Fig. 2C; 3H, Ha; 4A, B; 5A; 6A, D; 7A, Aa). Multi-step retouch and crushing, as well as distinct smoothing of the bone microrelief, are also legible in the split planes of the perforations (Fig. 2C-E; 3H; 4D; 5B; 6E; 7A). In the highest parts of the microrelief, linear, bright polish/abrasion with flat topography and relatively smooth texture was observed, associated with striations oriented by the orientation of the perforation (Fig. 3C; 4E-G; 6F). At the hole of one scapula, a distinct abrasion was observed on the facies costalis consistent with its orientation (Fig. 4H). Numerous cut marks are visible on two artefacts (Fig. 3D, E, G; 4J, K).

3.2. PIMs observed on the experimental scapulae
	As a result of the experiments conducted with spears, 66 PIM perforations were created in the target scapulae. Eleven of them were made with barbed points made of antler, 15 with barbed points made of bone, 12 with bone points and 28 with antler points (Fig. 12). In the archery experiments, a total of 12 PIM holes were made, including nine using bone arrowheads and three using flint ones (Fig. 13).
The primary conclusion that can be drawn from the macroscopic analysis of the produced PIMs is that these perforations very well reproduce the shape of the cross-sections of the projectiles with which they were made (especially in the inlet holes). The barbed points from antlers used during the experiments with spears generated elongated, more or less regular oval holes, often with characteristic "tails", resulting from the breakages produced by the barbs (Fig. 12: 2-4, "tails" marked with arrows). The result of using bone barbed points is kidney-shaped perforations (Fig. 12: 6-9). The holes created due to impact with ordinary bone points are similar in outline. Still, they often have a characteristic "spike" on the convex side, reflecting the shape of the cross-section of the red deer metapodium bones used to make them (Fig. 12: 10, 11, 15, "spikes" marked with arrows). Points made of antlers have generated oval holes (Fig. 12: 16-22). 
The situation was similar in the case of archery experiments. Perforations generated by triangular bone heads have a shape close to a triangle (Fig. 13: 1, 2), while those created by the impact of oval heads – oval and kidney-shaped (Fig. 13: 3, 4). Flint arrowheads produced holes that were lenticular in outline (Fig. 13; 5, 6) unless the scapula was also pierced through the arrow shaft, resulting in a hole that was essentially round (Fig. 13:7).
Regardless of the type of projectile used and the way it was used (bow shooting, spear piercing), the general characteristics of the PIMs produced are very similar. The inlet holes are characterised by relatively even edges and a lack of usage retouch. Characteristic here are bone indentations/breaks directed inside the hole and compression cracks (Fig. 12: 1-22i; Fig. 13: 2-7i; 14A-C). In the case of outlet holes, a multi-step retouch is typical, ending with flat surface breakouts with step terminations. Compression cracks also occur here (Fig. 12: 1-22o; Fig. 13: 2-7o; Fig. 14D-F). In the split planes of the created PIMs, in addition to multi-step retouch, an evident smoothing of the bone microrelief was observed, often linearly (Fig. 14G-I). There are also numerous crushings (Fig. 14J).
Additionally, polish/abrasion occurred on the inlet edges of the holes and their walls. Its registration was complex due to the "freshness" and exceptionally high fat content of the scapulae used in the experiments. In most cases, they prevented observation using a metallographic microscope. However, on the "drier" scapulae, a bright polish/abrasion with flat topography and smooth texture was observed, covering the upper parts of the microrelief. It is always accompanied by striations consistent with the orientation of a given hole (Fig. 14K. L).

4. Discussion 
	The process of interpreting the origin of perforations observed on the analysed scapulae from Šventoji should begin with considering the significance of this species of sea mammals for the life of Subneolithic hunters from this complex of sites. In all the sites of Šventoji, seals were the most abundant mammal species identified in the bones collections. Their remains accounted for about 40 % of all mammal bones (Stančikaitė et al. 2009; Piličiauskas et al. 2019b). Bones of four seal species – harp (Pagophilus groenlandicus), ringed (Pusa hispida), grey (Halichoerus grypus) and harbour (Phoca vitulina) were found at Šventoji sites; however, the most abundant were harp seal one. They accounted for 75 % of all seal remains (Osipowicz et al. 2020b; Glykou et al. 2021). 
	As the results of previous studies indicate, seals were valued in Šventoji not only for their meat and (probably) skins. Different raw materials were also obtained from their bodies and used in many ways. Their fat was processed into fuel for lamps (Heron et al., 2015), and their bones were used to make household specialised tools (Osipowicz et al., 2019), everyday objects (Osipowicz 2020), ornaments and clothing items (Osipowicz et al., 2020a), and objects related to cult/magic (Osipowicz et al. 2020b). Therefore, these animals played a vital role in the community's life from the discussed complex of sites and, for this reason, were probably the target of frequent hunting. The perforations visible in the analysed scapulae may be the result of this. However, do the conducted traceological and experimental studies prove that this is indeed the case?
	The characteristics of the holes visible in the analysed artefacts are mainly similar to those observed in the case of PIMs created experimentally as a result of using replicas of hunting weapons from Šventoji. From a macroscopic perspective, attention is drawn here primarily to the clear analogies in the shape of perforations, based on which one can even venture to suggest the type of projectile/hunting weapon that was used to “pierce” the prehistorical scapulae. For example, the hole visible in scapula no. 3 (with a characteristic "spike") could have been created as a result of using a bone point made of red deer metapodium bones (cf. Fig. 4A and Fig. 12: 10o, 11o), while the P1 perforation visible in scapula no. 5 has a shape analogous to PIMs created by triangular bone heads arming the experimental arrows (cf. Fig. 6A, B and Fig. 13: 1). In turn, the P2 perforation on this scapula is very similar in shape to the holes created by the flint points used in the experiments (cf. Fig. 6C, D and 13: 5), while the hole visible in scapula no. 6 (oval with a characteristic "tail") could have been created by using a barbed point made of antler (cf. Fig. 7C and Fig. 12: 4).
	Further similarities are provided by micro-trace analysis. Microscopic examinations of PIMs created through the conducted experiments show exceptional uniformity and repeatability of use-wear traces visible in individual parts of post-impact perforations. The holes in the Šventoji scapulae have the same features. The damage visible on their facies costalis/medialis fully corresponds to the traces characteristic of the inlet holes of PIM perforations, while the damage observed in the case of facies lateralis is similar to those of the outlet holes. An additional analogy here is provided by smoothing, polish and linear traces visible on the edges of perforations and in their split planes. It is, therefore, possible to confirm with a very high degree of probability the post-impact origin of the perforations visible on the Šventoji scapulae. However, does this automatically connect their genesis with hunting?
The damage features visible in the individual parts of the PIM perforation should be considered diagnostic so that the possibility of confusing the inlet and outlet holes is minimal; the differences are too obvious here. For this reason, it can be stated with a great degree of certainty that in the case of all the analysed scapulae from Šventoji, the perforations made in them were the result of an impact "from below", i.e. from the side of facies costalis/medialis. The studies conducted using a 3D model of the harp seal skeleton indicate that creating PIMs with such characteristics using hunting weapons used in Šventoji is difficult.
The perforations analysed in this article are located in different parts of the scapulae (Fig. 15A, B). Still, from the perspective of the seal's body, this area is small enough to significantly limit the range of the potential zone from which the impacts responsible for their genesis could have been struck. Due to the nature of the observed damage (direction of retouch and breakage, direction of linear traces and linearity of polish, lack of apparent "abrasions" after the projectile "slippage"), it was assumed that the angle of impacts that created these holes could not have deviated from a right angle by more than a few degrees. On this basis, possible impact zones were distinguished for individual, analysed perforations (Fig. 15C). Generalising the data related to all of them, possible impact zones were distinguished on the seal skeleton, where was to strike with a hunting weapon to damage the scapulae in the way observed in Šventoji (Fig. 15C-F). To summarise the observations made during this process, it can be stated that the creation of PIMs with the characteristics described in this article requires a solid hit to the seal from the ventral side, in the left or right part of the chest (depending on which scapulae the perforation is located), no further than in the area of the first seven ribs of the animal (cf. Fig. 15C-F). This is an exact hit, which would most likely be fatal because, in this part of the seal's body, there are internal organs that are crucial for its life. In almost all cases, however, this impact requires the penetration of nearly the entire body of the seal, including the thick skin, a layer of ribs, internal organs, another layer of ribs, and finally, the scapula. It is possible, but it seems pretty unlikely that the perforations analysed in this article would have been created this way.
The main problem here is the statistical share and repeatability of the traces discussed. The probability of hitting a seal (either fleeing or defending itself) so that the projectile of the hunting weapon misses (undamaged) two rows of ribs and penetrates the scapula seems minimal. However, in Šventoji, such a situation was (theoretically) observed in the case of as many as 20% of all discovered seals' scapulae and their fragments. Recognising such a high percentage of successful strikes of this type as accurate would mean accepting that a highly specialised and exceptionally precise (almost laboratory) method of seal hunting was used at the site. The animal would have to be in a specific position each time, and it would be best not to move. This is extremely unlikely and is not supported by archaeological and ethnographic data (Lepola 2018). Additionally, the force of the impact of a hunting weapon causing this type of injury to the seal's body would have to be very high. It could probably be done using a spear armed with slender heads, but the animal would have to be on land. This would most likely be impossible in a water environment that cushions the impact. From the perspective of the experiments conducted, it can also be stated that causing this type of injury is rather impossible using a bow and arrow.
A complete analysis of the situations in which PIMs with the discussed characteristics could have been created due to hunting requires paying attention to two more possibilities. In the case of smaller animals, causing the discussed injuries to the seal's scapula is possible by hitting the neck (Fig. 15G). However, this does not allow reaching the parts of it located closer to the basis scapulae and margo caudalis. The second possibility is hitting the scapula of a swimming animal, which bypasses the need to pierce the entire corpus of its body (Fig. 15H). However, injuries inflicted on a seal in this way would certainly not be fatal and, from a hunter's perspective, somewhat unreasonable. To summarise the above remarks, the connection of the analysed PIMs with hunting practices is rather unlikely. 
Their combination with an alternative concept of the origin of this type of perforations, put forward in relation to finds from the Roman town of Augusta Raurica in Switzerland and the castella Zwammerdam in the Netherlands, should be considered much more credible. After analysis of the holes visible on the scapulae of the domestic cattle from these sites, it was suggested that the hanging of meat smoking could cause them (Van Mensch & Ijzereef 1977, 148; Bratlund 1991; Reynaert et al. 2023). In such a case, executing the impact creating the PIM from the side of facies costalis is entirely sensible, as it is justified by the desire to avoid interference with the meat, most of which is found on facies lateralis. In the case of the finds from Augusta Raurica, attention was also drawn to the specific set and location of butcher marks on the surface of the scapulae (Reynaert et al. 2023). Interestingly, on some artefacts from Šventoji, serially occurring cutmarks are located in identical places (cf. Fig. 3), which strongly supports the thesis that we are dealing here with butchering material from which meat was cut (cf. Lauwerier, 1988; Van Mensch & IJzereef, 1977). A suggestion about the connection of the traces observed on the analysed scapulae with smoking/roasting of meat may also be indirectly confirmed by the presence of invasive breaks on some of them extending from the primary holes, largely destroying the basis scapulae (cf. Figs. 3, 4). Such fractures were also observed on the mentioned Roman artefacts, interpreted as damage caused secondarily by a butcher's hook (Reynaert et al., 2023).
A certain interpretation problem is caused by healed perforations, the origin of which is unclear. Unfortunately, it is no longer possible to compare these traces with the described PIMs, just as it is no longer possible to determine from which side of the scapula the impact that was their genesis occurred. Perhaps they are healed traces of a hunting weapon, or they are not even related to human activity. For this reason, they cannot be identified with the traces described in this article.
It is also difficult to comment on the reasons for the considerable analogy of perforation shapes on artefacts and PIMs generated by replicas of hunting weapons from Šventoji if we assume that the former's genesis is unrelated to hunting practices. Perhaps the tools used for smoking shoulder blades had cross-sections similar to hunting weapons. One can also imagine a situation of roasting a shoulder blade impaled on a spear used for hunting. This problem certainly requires further studies on a more significant number of artefacts.

Conclusions
In light of the results of the conducted experimental and traceological studies, it can be stated that the surface modifications of seals' scapulae from Šventoji described in this article are indeed of anthropogenic origin and bear the features of PIMs. Still, they are most probably not related to hunting practices. Their characteristics indicate that they could have arisen due to other activities, i.e. during smoking/roasting of meat. 
Taking into account the results of the conducted research, it can also be initially suggested that the direction of perforation visible in prehistoric and historical animal scapulae may be (along with the presence of butchering marks) a good indicator of the origin of PIMs and their connection with hunting or economic practices. It seems that in the case of hunting practices, the PIM inlet hole should be located on the scapula facies lateralis side because this is its external surface more exposed to injuries with the hunting weapon, which appears because the scapula covers internal organs that are crucial for the life of the animal, and therefore that are the target of hunters. In the case of smoking shoulder blades, the goal is different. Meat is a protected material here and must be easily accessible. Therefore, the scapula is pierced from its more "bony" lower side (facies costalis/medialis). Of course, this is only a preliminary suggestion that requires verification through further analyses of materials from other sites and scapulae from other animal species. However, this type of research is forward-looking and can contribute much to our knowledge of hunting and economic practices in different periods of prehistory and human history. 
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Fig. 1. A location of Šventoji sites. The numbers are marked for investigated and mentioned sites
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Fig. 2. Scapula no 1 (EM2136/182) and the macro and microtraces observed on its surface. 
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Fig. 3. Scapula no 2 (ID 512) and the macro and microtraces observed on its surface.
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Fig. 4. Scapula no 3 (ID 25) and the macro and microtraces observed on its surface.
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Fig. 5. Scapula no 4 (ID 22) and the macro and microtraces observed on its surface.
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Fig. 6. Scapula no 5 (ID 147) and the macro and microtraces observed on its surface.
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Fig. 7. Scapula no 6 (EM 2136:195) and the macro and microtraces observed on its surface.
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Fig. 8. Osteological terminology used in the article. 
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Fig. 9. The examples of the Subneolithic hunting weapon elements from the Šventoji sites. 1-7 – bone; 8, 9 – flint; 10 – metatuff; 11 – wood. 
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Fig. 10. Experimental archaeology program: hand-held piercing of the scapulae with the spears.
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Fig. 11. Experimental archaeology program: archery experiments.

[image: ]
Fig. 12. Experimental archaeology program: PIMs created by the hand-held piercing of the scapulae with the spears.
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Fig. 13. Experimental archaeology program: PIMs created during the archery experiments.
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Fig. 14. Experimental archaeology program: the details of the created PIMs (microtraces). 
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Fig. 15. The results of the studies on possible impact zones that could be source areas for impacts generating PIMs with the features visible on the Šventoji scapulae. The 3D model of the harp seal (Pagophilus groenlandicus) used at Figs. A-F was provided by the Natural History Museum of the University of Pisa: https://sketchfab.com/3d-models/harp-seal-34394ec019134f568481b10624a0bd97. The photos of the seal skeletons presented at Figs. G, H were captured in the Seal Center, Professor Krzysztof Skóra Marine Station, Faculty of Oceanography and Geography of the University of Gdańsk.

Table. 1. Catalogue of artefacts subjected to traceological analysis
	No.
	Archaeol.
Site/ Inv. no.
	Primary perforation: shape/
dimensions (in legible outline)
	Species and anatomical classification
	Macro- and microtraces
	Comments

	
	
	
	
	Facies lateralis
	Facies costalis/medialis
	Split plane
	Other
	

	1
	Šventoji 4/ EM2136/182
	Irregularly oval/ 15×13mm
	Harp seal (Pagophilus groenlandicus)/ left scapula
	The outline of the hole is irregular. Two parts of the hole can be distinguished (cf. Fig. 2B). In the area "a," there is a legible multi-step edge retouch and crushing, which are not present in the rest of the perforation (Fig. 2C, E).
	The outline of the hole is irregular; the hole has even edges and no cracks, fractures or compression marks (Fig. 2A).
	In area “a,” the split plane is formed by a multi-step retouch and crushing; in the remaining part of the hole, these are simple fractures (Fig. 2D).
	Possible remnants of healed perforation were observed on the scapula (marked with a blue arrow).
	The colour of the fracture differs from the colour of the bone surface, which may raise doubts as to the original origin of the hole (Fig. 2D, E).

	2
	Šventoji 1/ ID 512
	Oval with a "spike"/
długość: 22mm
	Harp seal (Pagophilus groenlandicus)/ right scapula
	Planar, superficial, multi-step fractures (retouch) and accompanying surface cracks (Fig. 3H, Ha).
	The edges of the hole are even, with no visible retouch; single cracks on the surface (Fig. 3A).
	Visible multi-stage retouch, crushing and abrasion, transitioning into the breakage zone at the outlet hole (Fig. 3H). Linear polish/abrasion is visible on the flattened fragments of the microrelief (Fig. 3C).
	On the facies costalis, in many places cutmarks, especially at the margo caudalis (Fig. 3D, E). On the scapula neck, an oval crush is visible (Fig. 3F) (bite traces?) and further cutmarks (perpendicular to the neck – Fig. 3G).
	-

	3
	Šventoji 23/ ID 25
	Oval with a "spike"/ 20×15mm
	Harp seal (Pagophilus groenlandicus)/ left scapula
	In part "a" there are small, single- to multi-step fractures and crushings, creating a fairly regular retouch (Fig. 4A). They are accompanied by single, flatter fractures going deeper into the facies lateralis (Fig. 4B). In the remaining part of the perforation (outside zone "a") there are fractures on both sides of the scapula.
	The edges of the hole are even, and no retouch is visible (Fig. 4C). Next to the hole, there is an abrasion oriented perpendicularly to the line of it (Fig. 4H).
	In part "a" of the hole, the fractures are clearly smoothed (Fig. 4D). Outside the area "a", these are ordinary fractures, sometimes of a rather "fresh" nature (Fig. 4I). In the smoothed areas, a bright, linear polish is visible, with flat topography, slightly rough texture and orientation consistent with the direction of the hole (Fig. 4E-G). It covers the upper parts of the microrelief and is associated with identically oriented linear traces (black and filled-in striations).
	On the facies costalis, in the basis scapulae part, close to the margo cervicalis, cutmarks are legible (Fig. 4J, K).
	-

	4
	Šventoji 23/ ID 22 
	Oval/ length: 7mm
	Harp seal (Pagophilus groenlandicus)/ right scapula
	In part “a”: minor fractures and crushing building a quite regular multi-stage retouch with flat surface fractures (Fig. 5A).
	The edges of the hole in part “a” are even, and no retouch is visible (Fig. 5D).
	In part “a” the hole split plane is linearly smoothed (according to the hole orientation)(Fig. 5B).
	-
	Most of the edges seem to be damaged post-depositional. Some of the fractures are of a "fresh" nature (Fig. 5C).

	5
	Šventoji 4/ ID 147
	P1: close to triangular/
9×5mm
P2: irregularly lenticular/ 2×1.5mm
	Harp seal (Pagophilus groenlandicus)/ right scapula
	P1 – fine, multi-stage edge retouch and flat surface fractures with step terminations, visible compression cracks (Fig. 6A).
P2 – flat surface fractures with step terminations (Fig. 6D).
	P1 – edges of the hole without retouch (only local minor fractures), visible compression cracks and indentations of the bone surface into the hole (Fig. 6B).

P2 – very clear compression cracks and indentations of the bone surface into the hole (Fig. 6C).
	P1 – crushing and distinct smoothing of the split plane (Fig. 6E). On the edges, a bright polish is visible, with a flat topography and smooth texture, associated with linear traces consistent with the orientation of the hole (Fig. 6F).

P2 – analysis not possible.
	-
	-

	6
	Šventoji 4/ EM 2136:195
	"Comet-shaped" (oval with a „tail”)/ 28×16mm
	Harp seal (Pagophilus groenlandicus)/ right scapula
	There is multi-step edge retouch along most of the perimeter of the hole (area “a”) with delicate surface breaks (Fig. 7A, Aa).
	Uneven "torn" edges of the hole, no retouch, visible compression cracks (marked with arrows) and indentation of the bone surface into the hole (Fig. 7C, Ca).
	In part "a" there is multi-step retouch, crushing and smoothing (Fig. 7A, Aa).

At the end of the "tail,", there is no retouch; the break is an ordinary fracture (Fig. 7B).
	The scapula showed probable remnants of a healed perforation (with a secondary injury in the middle) (Fig. 7D).
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