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Abstract : It is generally assumed that the end of the Magdalenian saw the replacement of the spearthrower by 
the bow among European hunter-gatherers. The existing direct evidence (antler spearthrowers, bow and arrow 
wooden remains), although compatible with this hypothesis, do not allow its definite confirmation. Projectile 
experiments recently carried out in the CEDARC / Musée du Malgré-Tout bring new data into this debate. 
Diagnostic proximal impact fractures show that in the Isturitz cave site (Pyrénées-Atlantiques, France), the fork-
based points from the Upper Magdalenian layer I/F1 were apparently used as spearheads rather than arrowheads. 
However, unlike the underlying Middle Magdalenian layer, the layer I/F1 yielded no antler spearthrowers. The 
experimental results therefore suggest the existence, in the Isturitz Upper Magdalenian, of spearthrowers entirely 
manufactured from perishable materials. 
 
Keywords : antler projectile points, experimental replication, diagnostic fractures, spearthrower, bow, Isturitz, 
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Dating the appearance of the spearthrower and the bow among palaeolithic hunter-gatherers 
has long been an important concern for prehistoric research,  especially because the 
introduction of these new weapon systems has often been seen as a witness of wider changes 
in hunting techniques and/or general subsistence activities (Vermeersch 1995; Cattelain 1995; 
etc.). The experiments recently carried out by the authors in the CEDARC / Musée du 
Malgré-Tout (Treignes, Belgium) bring new data into this debate, concerning the use of the 
spearthrower in the Isturitz cave site (Pyrénées-Atlantiques, France) during the Upper 
Magdalenian. But before presenting our results, it is first necessary to replace them in the 
broader context of weapon evolution during the Late Upper Palaeolithic – particularly since 
this period yielded the totality of the direct evidence for the palaeolithic use of bow and 
spearthrower. 
 
 
Bow and spearthrower in the European Late Upper Palaeolithic : the hard 
evidence 
 
The palaeolithic use of the spearthrower is documented by the well-known spearthrower distal 
parts ("hooks"), generally made of reindeer antler. Over a hundred of these objets were found 
in 1 Solutrean and 32 Magdalenian sites from western Europe, mostly from France (Cattelain 
1988, 2005; Stodiek 1993). Bow and arrow remains, on the contrary, are known only from the 
Epipalaeolithic onwards: the oldest finds are the pine arrows from the Ahrensburgian level at 
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Stellmoor (Schleswig-Holstein, Germany; Rust 1943), dated by radiocarbon to around 9300-
9900 calBC, significantly later than the end of the Magdalenian. Other Mesolithic finds of 
bow and arrows from Germany, Denmark, Sweden and Russia are all dated to later millenia 
(see recent reviews in Junkmanns 2001; Cattelain 2004a). Together, these evidence led to the 
idea that, somewhere around the end of the Magdalenian, the spearthrower disappeared and 
was replaced by the bow among European hunter groups. This theory was consistent with the 
assumption that the bow was a more efficient hunting weapon than the spearthrower, and/or 
that the development of the bow might have been triggered by environmental change – i.e., 
the warm-up and reforestation of IS1/Bølling-Allerød (Rozoy 1992). There are, however, two 
possible objections to this classical hypothesis. 
 
The first objection is that the chronology of the spearthrowers inside the Magdalenian is still 
not well known (Cattelain 2005, in press). The earliest spearthrower type3 is a simple hook, 
undecorated or adorned with engraved lines only (fig. 1; Cattelain 2004b). It is usually 
manufactured from an antler cortex sliver (baguette); when preserved, the proximal part, 
originally hafted to the weapon's main shaft, is almost always single-beveled. The specimen 
considered to be the oldest was recovered from the Combe-Saunière I cave (Dordogne, 
France), in layer IVb, along with an Upper Solutrean assemblage (Cattelain 1989). The 
radiocarbon dates are unfortunately unclear: layer IVb yielded at least eight 14C dates ranging 
from 22270-20580 calBC (19630 ± 320 BP, OxA-753)4 to 16750-15420 calBC (14890 ± 200 
BP, OxA-755) (Geneste & Plisson 1986: 12). The earliest reliable date for this type of 
spearthrower comes from the specimen found at El Castillo (Cantabria, Spain), in an Ancient 
Magdalenian archaeological context (Cabrera 1984): it was dated to 18460-17570 calBC 
(16850 ± 220 BP, OxA-971, sample taken from the spearthrower itself). Other specimens 
from the same type come from a later period, the beginning of the Middle Magdalenian – 
H. Breuil's "Magdalénien III" and the so-called "Magdalénien à navettes" – at Le Placard 
(Charente, France), Roc de Marcamps (Gironde, France), La Garenne (Indre, France) and 
Isturitz. The layer in which the La Garenne spearthrower was found is dated to 16700-16100 
calBC (15050 ± 90 BP, Archeolabs, Despriée et al. 2004: 22). 
 
Most of the other spearthrowers, including the famous decorated specimens (fig. 2), were 
recovered either from ancient excavations with no reliable stratigraphy, or from the "classical" 
Middle Magdalenian from the French and Spanish zone (H. Breuil's "Magdalénien IV"). With 
a few exceptions, the 24 available radiocarbon dates (Cattelain 2005, in press) show a regular 
chronological distribution between 15720-14470 calBC (14230 ± 160 BP, Gif-2708, 
Canecaude I layer 2) and 13410-12470 calBC (12700 ± 110 BP, Gif-6367, Labastide layer 2). 
 
For the Upper and Final Magdalenian, the situation is quite confused. It is usually considered 
that there are very few, if any, spearthrowers in this period. Still, according to its excavators 
(Capitan & Peyrony 1928: 68), one of the spearthrowers from La Madeleine (Dordogne, 
France) comes from an Upper Magdalenian layer. U. Stodiek (1993: 144) also points out that 
the spearthrower from the Teufelsbrücke (Thüringe, Germany) and the six specimens from 
the Kesslerloch (Schaffhausen, Switzerland) could date from the Upper Magdalenian as well. 
H. Breuil already reported the recent date of the Kesslerloch series, quoting a personal 
communication from the site's excavator, Pr. Heierli (Cartailhac & Breuil 1907: 14, footnote 
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to the authors' instructions for samples with standard deviations greater than 50 years. 



3 

1; see also Garrod 1955: 21). Similarly, new 14C dates and an extensive review of the material 
recently led A.C. Welté to place almost all the spearthrowers from the Aveyron valley sites in 
the Upper Magdalenian (Welté 2000). On our opinion, this reattribution is quite hazardous for 
the Lafaye and Montastruc rockshelters (Tarn-et-Garonne, France), but fairly convincing for 
the spearthrower from the Plantade rockshelter (Tarn-et-Garonne, France) and the eight 
specimens found in the Courbet cave (Tarn, France). It is important to point out that, with one 
exception – the uncertain spearthrower fragment from Plantade – all of these possible Upper 
Magdalenian spearthrowers from France, Switzerland and Germany belong to the same type, 
called "type 3" in our typology (Cattelain 1988): "hooked spearthrower adorned with a 
ruminant head or forequarters, in bas-relief or ronde-bosse, whose presence does not alter the 
general stick-like shape of the object" (fig. 3). The existing evidence therefore suggests that 
this particular type of spearthrower might have persisted later than the Middle Magdalenian, 
at least into the beginning of the Upper phase. But this hypothesis remains fragile, mostly 
because of the ancient age of many excavations. We can only conclude that today, the direct 
evidence does not provide us with a clear view of weapon evolution during the Upper and 
Final Magdalenian – the very period that may have witnessed the transition from the 
spearthrower to the bow. 
 
 
Looking for indirect evidence: the projectile points 
 
The second and more radical objection to the classical spearthrower and bow succession 
hypothesis is that both weapons can be entirely manufactured from non-durable materials, 
such as wood, not preserved in usual archaeological contexts. Mesolithic bow and arrow 
remains, for instance, were only recovered because of their exceptional deposit conditions in 
the water-saturated sediments of northern Europe. It is therefore altogether possible that the 
spearthrower did last longer than the Magdalenian, and/or that the bow did appear sooner than 
the Epipalaeolithic, both leaving no archaeological trace. 
 
Because of this problem, archaeologists turned to indirect evidence. Since the most commonly 
preserved parts of prehistoric weaponry are the stone and osseous projectile points, these 
artifacts have been the subject of numerous studies attempting to answer the following 
question: among archaeological points assemblages, how is it possible to tell arrowpoints 
from tips of spears (or darts) propelled with a spearthrower ? Several distinctions have been 
suggested, based on point weight (e.g. Rozoy 1992: 176-177), base width (Weniger 2000: 82), 
shape or other morphometric criteria (for a detailed review of the extant literature, see Knecht 
1997: 11-14, and Hughes 1998). The systematic discussion of these criteria would go far 
beyond the limits of this paper. We will just point out that: (a) the examination of 
ethnographic projectiles shows that there is an important dimensional overlap between 
spearpoints and arrowpoints (e.g. Cattelain 1997); (b) the majority of Palaeolithic projectile 
points, esp. Magdalenian, fall within the metric range of artifacts that could have been used to 
tip both types of projectiles. 
 
Confronted with this problem, several researchers tried to indirectly identify the weapon used 
by Palaeolithic people through the study of the points' impact fractures. Indeed, bow and 
spearthrower are two very different projectile delivery systems. In gross terms, the former 
works like a spring or an elastic, releasing energy that propels light, generally short projectiles 
at high speed; the latter could be better compared to a lever, amplifying the thrower's strength 
to launch longer and heavier darts, that will have a lower speed, a more irregular trajectory 
but a higher kinetic energy due to their much greater mass. Thus, it could be hypotesized that 
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the mechanical stress of the impact would be different in each case, hopefully resulting in 
different fracture morphologies and/or frequencies on the projectile tips. 
 
But although a great number of prehistoric projectile experiments have been undertaken for 
the past 25 years (see Knecht 1997; Pétillon 2004, appendix 2), few addressed this question. 
Being primarliy concerned with determining any diagnostic pattern of breakage for projectile 
points, most authors did not develop a comparative study of the two weapons – with the 
important exception of the experiments of the TFPS group (Geneste and Plisson 1986, 1990, 
1993; Geneste and Maury 1997), along with another experimental programme by M. Perpère 
and one of us (Cattelain & Perpère 1993). Still, all of these experiments concentrated on lithic 
points from the Gravettian and the Solutrean. This is one of the reasons why, as a part of a 
thesis work (Pétillon 2004), we organised a new experimental session centered on antler 
projectile tips, and on the critical period of the Upper Magdalenian. 
 
 
The archaeological setting 
 
The archaeological sample was the antler projectile points assemblage from the Upper 
Magdalenian layer at the Isturitz cave site. This major palaeolithic site is located at the 
western end of the Pyrénées, and opens at 150 m above sea level on the northern and southern 
sides of a limestone hill overlooking the Arberoue valley. The inner surface of the cave, over 
2500 square meters, is divided into 4 main chambers. The Upper Magdalenian layer, I/F1, 
was from 5 to 60 cm thick and stretched to the totality of the Grande Salle (Great Chamber: 
800-900 square meters). It was completely excavated in the first third of the twentieth century 
by E. Passemard (1912-1922 exavations: Passemard 1924, 1944) and R. and S. de Saint-
Périer (1928-1935 excavations: Saint-Périer 1936). The archaeological material is now 
curated, for the most part, in the Musée d'Archéologie nationale (Saint-Germain-en-Laye, 
Yvelines). 
 
The very complex stratigraphy, the ancient excavation techniques, the partial dispersal of the 
collections before their arrival in the museum inevitably reduce the quality of the 
archaeological information – but not to the extent of forbidding any analysis with modern 
methods. For instance, the collecting of the faunal remains was obviously biased towards 
easily identifiable pieces such as teeth and epihysis; still, the zooarchaeological analysis by C. 
Letourneux (in Pétillon et al., in press) allowed to characterize in layer I/F1 a diversified 
hunting centered on bovids, red deer, horse and reindeer – the latter being by far the dominant 
game. Birds, especially the alpine chough and several species of preybirds, were also actively 
sought (Laroulandie in Pétillon et al., in press). 
 
Out-of-date excavation techniques also probably account for the underrepresentation of lithic 
hunting weapons in the industries: backed bladelets – Magdalenian typical projectile tips – 
make up less than 5% of the flint tool kit (Esparza 1995: 204). 
 
Reindeer antler projectile tips are, on the contrary, the most common artifact type in the 
osseous industries. The 705 pieces (fig. 4) include 419 fork-based points, 122 double-beveled 
points and 5 nearly complete foreshafts. Almost all the foreshafts present a forked extremity 
opposed to a double-beveled extremity; metric analysis, in situ finds of similar specimens in 
other sites and ethnographic correlates all suggest that they were used in combination with the 
fork-based points to form long composite tips, the distal fork of the foreshaft being 
interlocked with the proximal fork of the point. The rest of the series comprises 38 possible 
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foreshaft fragments, and 121 mesial and distal fragments that cannot be attributed to a specific 
point type. 
 
Both fork-based and double-beveled points have relatively standardized dimensions (tab. 1). 
While the double bevel is the most common hafting system on Upper Magdalenian antler 
points, the forked base is much rarer and limited to the Pyrenean and Cantabrian area (Pétillon 
2004, in press); but since it was the dominant point type at Isturitz, it was at the center of our 
experimental project. 
 
 
The projectile experiments 
 
The experiments took place at the CEDARC / Musée du Malgré-Tout (Treignes, Belgium), in 
two separate sessions in January 2003 and February 2004. Forty-two fork-based points were 
manufactured and used in 2003, and an additional 36 in 2004. The 2004 session also included 
the manufacture and use of 18 double-beveled points and 4 foreshafts (hafted in combination 
with the fork-based points as described above). All points and foreshafts were taken from 
antler cortex slivers (the raw material coming from Fennoscandian reindeer herds) and shaped 
with flint burins to reproduce the dimensions of the archaeological sample (tab. 2). Half the 
points were then hafted to arrow shafts and the other half to spear shafts5. Secure hafting was 
achieved with hide glue, plus lashing with bison or red deer sinew (fig. 5). 
 
All projectiles were then shot with bow or spearthrower, by experimented shooters. Since our 
goal was to obtain diagnostic use-wear damage, each arrow or spear was shot repeatedly until 
the point, shaft or hafting was damaged. A total of 618 shots were performed. The targets 
were 2 calves (in 2003) and 2 fallow deers (in 2004); the complete bodies were suspended 10 
to 13 meters away (fig. 6). Of course, these animals are not perfect substitutes for reindeer, 
which is the dominant game in the Isturitz Upper Magdalenian; however, since reindeer 
bodies were not available, we had to use replacements, and these were among the less 
unsatisfying solutions. After the shooting sessions, the targets' bodies were processed in order 
to recover all point fragments and to study the impact traces on the bones. 
 
 
The results 
 
The experimental results have been presented in the doctor's thesis of one of the authors 
(Pétillon 2004), and the 2003 session has been published in detail (Pétillon 2005; Pétillon & 
Letourneux 2003). In this paper, we will just stress the main ideas concerning the impact 
fractures. 
 
1. After use, 17 experimental points showed distal bevelled breaks (fig. 7). This type of 
fracture occurred on both fork-based and double-beveled points, shot either with bow or with 
spearthrower; similar damage had already been noticed by other researchers during previous 
projectile experiments with osseous points (Stodiek 1993: 203-206; Arndt & Newcomer 
1986; see also Bergman 1987, fig. 1, number 2 and 5; and Tyzzer 1936, pl. 19b, number 1). 

                                                
5 All spear and arrow shafts were made of pine wood and fletched with 3 radial feathers. The arrows were 80 cm 
long, 0,9 cm in diameter and weighted an average 26 g (without the point). The spears were 240 to 260 cm long, 
1,2 or 1,4 cm in diameter and had a mean weight of 172 g (without the point). The average weight of the points 
was 5,5 g. 
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Bevelled breaks are very common in our archaeological sample: 155 occurrences (fig. 8). This 
similarity confirms that the Isturitz points were indeed used as projectile tips. 
 
2. The experimental antler points proved to be very resistant weapon tips. Most damage 
occurred because of an impact on the target's limb bones, pelvis or shoulder blade, or because 
of spearthrower missed shots hitting solid obstacles such as the frozen topsoil. Outside of 
these "shooting accidents" – for instance, as long as the projectile hit the rib cage, the zone 
most likely to be aimed at by a hunter – the same point could usually be reused many times 
without suffering any visible damage. Similar statements have been made by almost all 
researchers who tested experimental osseous points (e.g. Bertrand 1999: 110; Knecht 1993: 
37; Pokines & Krupa 1997: 255; etc.). The distal fractures themselves were usually close to 
the tip of the point6, and could have been quickly and easily repaired by longitudinal scraping 
with a flint tool such as a burin. It must be noted, however, that many archaeological points 
show impact damage of a greater extent – esp. bevelled breaks that apprently occurred near 
the middle of the point, breaking off a large portion of it. We were not able to reproduce these 
fractures in our shooting sessions. This problem certainly deserves further experimental 
investigation, particularly an extended study of impacts against harder natural obstacles such 
as rocks and pebbles. 
 
3. Our last point regards the proximal fractures. At the end of the experiments, 14 of the 78 
fork-based points showed fractures on one or two of the fork's tines. Either part of a tine was 
broken (fig. 9, 1), or a tine was borken at its base (fig. 9, 2), or the two tines were broken off 
simultaneously (fig. 9, 3). These fractures were always the result of a spearthrower shot, and 
never occurred with the bow. This difference is probably due to the much greater size and 
mass of the spears compared to the arrows, as well as their more irregular trajectory: all these 
parameters obviously place the point under greater bending forces upon impact, sometimes 
resulting in the snapping of the forked base. 
 
Proximal fractures are very frequent on the fork-based points from Isturitz: out of 419 
specimens, 95 show fracture damage at the fork. The majority of these fractures (68%) have 
close equivalents in the experimental sample (fig. 10). Here again, however, certain fracture 
types – or fracture combinations on the two tines – of important extent, noticed on the Isturitz 
points, were not observed experimentally. Nevertheless, the similarities between the 
archaeological and experimental samples are determining enough to conclude that the Isturitz 
fork-based points were probably used to tip spears projected with a spearthrower, rather than 
arrows shot with a bow. It is the first time that a projectile experiment yields such positive 
results about a fracture type being specific of a given weapon. 
 
 
Experimental results in archaeological perspective 
 
In the Isturitz Great Chamber, the Upper Magdalenian layer I/F1 that yielded the fork-based 
points overlays a thick Middle Magdalenian layer, named II/E. The archaeological material of 
these two layers bears many resemblances: the lithic industry (Esparza 1995), the bone tool 
kit, the débitage methods for working antler (Pétillon 2004) are all very similar, indicating a 
certain cultural continuity. But one of the differences is that the Upper Magdalenian yielded 
no spearthrowers, while a rich series of such objects (7 certain specimens and 2 possible 

                                                
6 Points with bevelled breaks lost an average 8,2 mm of their initial length. See comparable results in Pokines 
1998: 878 (with a mean value of 11,5 mm). 
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fragments: Cattelain, in press) was recovered from layer II/E. If we correlate this situation 
with our experimental results, we can conclude that this disappearance of antler spearthrowers 
after the Middle Magdalenian does not mean that the spearthrower itself was no longer used. 
At Isturitz, this weapon seems to have persisted in the Upper Magdalenian, where it was 
probably entirely manufactured from wood or other non-durable materials. In fact, such is the 
case for the vast majority of the ethnographic spearthrowers: antler distal parts similar to the 
Magdalenian ones are the exception rather than the rule (Averbouh & Cattelain 2002: 71-72). 
 
Of course, it must be remembered that the probable use of the spearthrower in the Isturitz 
Upper Magdalenian does not mean that the bow did not already exist at that time. Indeed, 
both weapons can coexist in the same group – such is the case for example among the Aztecs 
and the Greenland and Bering Strait Inuit. This question remains open, since our experiments 
did not show any fracture pattern specific for the bow, that could have been used to trace the 
existence of this weapon in our archaeological context. Nevertheless, our results are one more 
element to be integrated in the vast question of the evolution of weaponry at the end of the 
Palaeolithic. 
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Table captions 
 
Table 1. Dimensions of the fork-based and double-beveled antler points from the Isturitz Upper 
Magdalenian (in millimeters). NMS = Number of Mesureable Specimens. For the double-beveled 
points, dimensions are given for the dominant sub-type only (N = 95 specimens, 82 % of the total 
number of double-beveled points). 
 
Table 2. Dimensions of the experimental fork-based and double-beveled antler points (in millimeters). 
 
Figure captions 
 
Fig. 1. Palaeolithic spearthrowers of type 2. 1: Combe-Saunière I (Dordogne, France). 2: El Castillo 
(Santander, Spain). 3-5: Le Placard (Charente, France). 6-7: Le Roc-de-Marcamps (Gironde, France). 
Drawings C. Bellier/P. Cattelain.  
 
Fig. 2. Palaeolithic spearthrowers of type 4. 1: Le Mas d'Azil (Ariège, France – drawing F. Le Brun). 
2: Labastide (Ariège, France – drawing R. Simonnet). 3: Enlène (Ariège, France – drawing F. Le 
Brun). 4: Le Mas d'Azil (Ariège, France – drawing D. Buisson). 
 
Fig. 3. Palaeolithic spearthrowers of type 3. 1: Le Mas d'Azil (Ariège, France). 2: Isturitz (Pyrénées-
Atlantiques, France). 3: La Madeleine (Dordogne, France). 1, 3: drawing C. Bellier; 2: drawing 
C. Bellier/P. Cattelain. 
 
Fig. 4. Antler projectile tips from the Isturitz Upper Magdalenian (layer I/F1). 1-2: fork-based points. 
3-4: double-beveled points. 5: foreshaft with double-beveled and forked ends. 1-4: Musée 
d'archéologie nationale, Passemard excavations. 5: Musée d'archéologie nationale, Saint-Périer 
excavations. All photographs by J.M. Pétillon unless otherwise mentioned. 
 
Fig. 5. Experimental haftings. 1: two lateral views of the hafting shape for the fork-based points, 
without and with the point; the distal fork of the shaft is interlocked with the proximal fork of the 
point(spear shaft, 2003). 2: lateral view of the hafting shape for the double-beveled points (spear shaft, 
2003). 3: upper and lateral view of the sinew lashing (fork-based point, arrow shaft, 2004). 
 
Fig. 6. General view of the experimental setting during the 2004 spearthrower session. On the right, 
fallow deer body suspended to a wooden frame. The shooter's spot is on the left. Photograph by 
D. Henry-Gambier. 
 
Fig. 7. Experimental distal fractures. 1: beveled fracture (spear impact, 2003). 2: step-terminating 
beveled fracture (spear impact, 2003). 3: hinge-terminating beveled fracture (arrow impact, 2004). 
 
Fig. 8. Comparison between experimental and archaeological distal fractures. 1: experimental beveled 
hinge-terminating fracture (spear impact, 2003). 2: same fracture on an Isturitz point (Musée 
d'archéologie nationale, Saint-Périer excavations). 
 
Fig. 9. Experimental proximal fractures on fork-based points. 1: breakage of the proximal part of a 
tine. 2: breakage of a tine. 3: breakage of the two tines. All specimens are from the 2004 spearthrower 
session. 
 
Fig. 10. Proximal fractures on the Isturitz fork-based points; compare with fig. 9. 1: breakage of the 
proximal part of a tine. 2: breakage of a tine. 3: breakage of the two tines. All specimens are from the 
Musée d'archéologie nationale, Passemard excavations, except number 1 (Saint-Périer excavations). 
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 Fork-based points Double-beveled points 
 NMS min max mean CV NMS min max mean CV 
Total length 71 46,6 163,5 100,3 28 14 64,1 112,3 91,8 15,9 
Length of mesio-distal part 115 25 126 69,2 34,7 23 16,4 84 60,6 28,1 
Length of fork or bevel 210 20,4 55 33,7 19,1 59 20 41,8 29,9 16,7 
Maximum width 379 6,1 17,2 9,3 20,1 93 6 9,5 7,9 10,3 
Maximum thickness 394 4,6 12 7,1 15,8 95 5 8,4 7 9,7 

Table 1 
 
 

 42 fork-based (2003) 36 fork-based (2004) 18 double-beveled (2004) 
 min max mean CV min max mean CV min max mean CV 
Total length 62,7 160 108,3 19,2 59,8 154 104,5 24,7 66,8 106,7 90,2 14,1 
Length of mes.-dist. part 36,1 121,7 76,7 23,8 28,8 116,6 70,9 31,9 36,7 79,4 61,1 22,1 
Length of fork or bevel 24 42 31,4 12,9 25,7 42,7 33,6 14,3 21,7 36,8 29,1 14,1 
Maximum width 7 11,4 9,4 11,6 7,5 12,9 9,2 16 7,2 8,7 7,9 5,7 
Maximum thickness 4,2 8,1 6,1 13,6 5,7 9 7 11,5 6,1 7,7 6,9 7 

Table 2 














