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Abstract

Measurements of many hundreds of the high-crowned cheek teeth 
of Hystrix specimens from the Euro-Asiatic Pleistocene in the 
collections of European and Asiatic institutions have been compared 
with extant species for a revision of the genus. A review is given 
about the extant genera and species of the family. The number of 
recognisable Euro-Asiatic species in the fossil record is reduced 
from eight to fi ve. The European H. (A.) vinogradovi Argyropulo, 
1941 is here considered to be a synonym of H. (A.) brachyura 
Linnaeus, 1758, and the three Asiatic species H. (H.) crassidens 
Lydekker, 1886, H. (H.) gigantea Van Weers, 1985 and H. (H.) 
magna Pei, 1987 are synonymized with H. (H.) refossa Gervais, 
1852. Most of the Chinese fossil specimens are properly allocated 
to H. (H.) kiangsenensis Wang, 1931 instead of ‘H. subcristata’, 
and a neotype is indicated for this species. The distribution of the 
Indonesian Hystrix species is the result of several migration waves 
into Sundaland, and is not considered to be the result of ‘in situ’ 
evolution. Comparison of the Miocene material from the Siwaliks 
in India, described as Sivacanthion complicatus Colbert 1933, with 
extant and Pleistocene Atherurus results in allocation of this species 
to Atherurus karnuliensis Lydekker, 1886. 
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Introduction

The extant porcupines and their distribution 

In the classifi cation of the Hystricidae followed here, 
the family contains three, all extant, genera: Trichys 
Günther, 1877, Atherurus F. Cuvier, 1829, and Hystrix 
Linnaeus, 1758, which are distinguished by different 
degrees of specialisation. Trichys, with only one 
species, is the least specialised and the only one that 
is limited to Southeast Asia. Atherurus, occurring in 
Africa as A. africanus Gray, 1842 and represented in 
Southeast Asia with A. macrourus (Linnaeus, 1758), 
takes an intermediate position. Hystrix is the most 
specialised genus and is divided in the subgenera 
Hystrix, Acanthion F. Cuvier, 1823, and Thecurus 
Lyon, 1907. Hystrix s.s. is represented by two species 
in Africa (H. cristata Linnaeus, 1758 and H. africae-
australis Peters, 1852), and one in Asia: H. indica 
Kerr, 1792. The distribution of the genera and sub-
genera of the Hystricidae in Southeast Asia is indi-
cated in Fig. 1. The subgenus Acanthion F. Cuvier, 
1823 contains two species, H. (A.) brachyura Lin-
naeus, 1758 and H. (A.) javanica (F. Cuvier, 1823). 
In H. (A.) brachyura the subspecies H. (A.) b. brach-
yura Linnaeus, 1758, H. (A.) b. subcristata Swinhoe, 
1870 and H. (A.) b. hodgsoni (Gray, 1847) are dis-
tinguished. The least specialised subgenus Thecurus 
Lyon, 1907 includes three species: H. (T.) sumatrae 
(Lyon, 1907), H. (T.) crassispinis Günther, 1877 and 
H. (T.) pumila Günther, 1879. On the basis of their 
current distribution it is generally supposed that 
southern Asia was the centre of origin of this family. 
The taxonomy of the extant species of the genus 
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Hystrix is based on cranial characters and on their 
spiny covering. The morphology of the cheek teeth 
is unusable for the distinction of subgenera and spe-
cies, because the occlusal patterns strongly change 
by wear, even so that a left and a right tooth in the 
same position in a skull may differ. When only tooth 
material is available, the subgenera H. (Hystrix), H. 
(Acanthion) and H. (Thecurus) cannot always be 
distinguished by size due to the overlap of their size 
ranges. An additional problem is that the occlusal 
morphology of the geologically oldest known species 
(from the Miocene) is, except the crown height, not 
really different from the extant representatives.

The Pleistocene porcupines

Because the spiny covering does not fossilize and 
fi nds of skulls are very rare, the taxonomy of the 
Pleistocene Hystricidae is necessarily based on the 
size of the cheek teeth. Unfortunately, many of the 
described species are based on a small number of 
specimens and their size variation is not known. 
Moreover, the height of the crown of all Pleistocene 
forms does not differ from that of the extant species. 
Cave fi llings in China, Vietnam and Indonesia yield 
associations of many hundreds of specimens. Those 
from China show, in comparison with the variabil-

Fig. 1. Map of Southeast Asia broadly indicating the distribution of the extant genera and subgenera of the family Hystricidae. Subgenus 
Hystrix: India. Subgenus Acanthion: the continent (south of 35ºN), Malay Peninsula, Java, Sumatra and Borneo. Subgenus Thecurus: 
Sumatra, Borneo and Palawan. Genus Trichys: Malay Peninsula, Sumatra and Borneo. Genus Atherurus: the continent (south of 30ºN) 
and the Malay Peninsula. 
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ity within extant species, an extreme size variation 
(Van Weers and Zheng, 1998). Therefore, we have 
to take into account that these associations may in-
clude several species. These Asiatic finds were 
never suffi ciently compared with those from Europe. 
As a consequence a revision of the eight Euro-Asi-
atic species (recognised by Van Weers and Zheng, 
1998; van Weers, 2003a) has become necessary. In 
this study the variation in size within and between 
the mostly overlapping associations are evaluated. 
This leads to a taxonomic revision of the Pleistocene 
species of the genus Hystrix. Finally, a short discus-
sion is given about the evolution and paleogeography 
of the family.

Material and methods

Material from a number of institutions has been 
measured for this study, and data from preceding 
publications have been used. The length measurement 
of the cheek teeth has been preferred to that of the 

width because it does not change in an extreme way 
in the course of attrition. The length diminishes 
gradually by wear but the occlusal width of a cheek 
tooth increases by wear to a size disproportional to 
the other dimensions of the tooth. The measurements 
are presented in Figs. 2-4 with range, mean, standard 
deviation and sample size. The upper cheek teeth are 
presented in upper case, the lower ones in lower case, 
‘1/2’ is used because isolated fi rst and second cheek 
teeth cannot be distinguished. The alveolar length of 
the P4-M3 and p4-m3 (Fig. 2), the length of the P4 
and p4 (Fig. 3) and that of the M1/2 and m1/2 (Fig. 
4), although correlated dimensions, are all presented 
to enable a better comparison. The measurements of 
the milk teeth and the third molars are not used be-
cause of their statistically small numbers. For con-
venience of comparison of the large number of as-
semblages, the measurements of some smaller col-
lections are discussed but not represented in the 
relevant fi gures. The measurements are indicated in 
the fi gures with the current species names or with the 
locality name of the assemblages for which the spe-

Fig. 2. Alveolar length of the P4-M3 (A) and p4-m3 (B) of the extant species H. (Hystrix) indica and H. (Acanthion) brachyura s.l., of 
a number of fossil species recognised thus far and of specimens from localities not yet allocated to a species, with mean, range, standard 
deviation and number of specimens (n). The extant species are presented with open bars. For the current specifi c allocation see the rel-
evant text.
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cifi c distinction was not clear. Data of the extant 
Asiatic species Hystrix (Acanthion) brachyura and 
Hystrix (H.) indica are represented in the fi gures as 
a reference for the variability in the fossil forms. Data 
of H. (A.) brachyura are from Van Weers (2003b) 
which include the subspecies from the Malay region 
to southern China and Nepal. Those of H. (H.) in-
dica are from 32 specimens from the total area of 
distribution of this species. These two considerably 
differing species nevertheless show a clear overlap 
as for the size of the teeth (Figs. 2-4). This illustrates 
that other morphological characteristics that are not 
fossilized may have existed between fossil assem-
blages. The results are presented for each geograph-
ic region and subdivided on the basis of the thus far 
current specifi c names.
 Institutional abbreviations: AMNH, American 
Museum of Natural History; IAH, Institute of Arche-
ology, Hanoi; IVPP, Institute of Vertebrate Paleontol-
ogy and Paleoanthropology, Beijing; MHNG, 
Muséum d’Histoire Naturelle de Genève; NHML, 
Natural History Museum London; NNMN, Nationaal 
Natuurhistorisch Museum Naturalis, Leiden; GSDB, 

Geological Survey Division, Bangkok; GSI, Geo-
logical Survey India, Calcutta; ZMNH, Zhejiang 
Museum of Natural History, China.

Results

Europe

Hystrix refossa Gervais, 1852. 
Localities. Perrier, St. Vallier and Ratonneau (France), 
Val d’Arno and Pirro (Italy), Venta Micena (Spain), 
Gombasek (Slovakia) and Ostramos (Hungary). Data 
are from Van Weers (1994, map fi g. 3).

Hystrix vinogradovi Argyropulo, 1941.
Localities. Binagady (Azerbaijan), Kudaro (Georgia), 
Brassóv (Romania), Ostramos, Kiskohat, Varbó and 
Csobánka (Hungary), Medvednica (Slovenia), Ostrov 
and Kotlarce (Czech Republic), Siegmannsbrunn 
(Germany). Data are from Van Weers (1994, map fi g. 
3), and new material from the Cave of Chênelaz 
(France, MHNG).

Fig. 3. Length of the P4 (A) and p4 (B) of the extant species H. (Hystrix) indica and H. (Acanthion) brachyura s.l., of fossil species 
recognised thus far and of specimens from localities not yet allocated to a species, with mean, range, standard deviation and number of 
specimens (n). The extant species are presented with open bars. W = Wazhuan, Y = Yanhui, L = Liucheng, Z = Zhoukoudian. For the 
current specifi c allocation see the relevant text.
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from the original description. Lydekker fi gured the 
left mandible (GSI no. F219a, pl. 8, fi g. 17) in which 
the milk premolar has not yet been shed and the m3 
is scarcely erupted. A cast of the right mandible (GSI 
no. F219a), quite agreeing with Lydekker’s descrip-
tion of the left one, was available for this study. A 
collection (NHML M3448, a-g) from the type local-
ity contains two mandible fragments (a and b), an 
M1/2 (c), an upper and a lower incisor (d and e), an 
unworn tooth (f) and an m1/2 (g). 
 Material from the Bankura district in India has 
also been allocated to H. crassidens (Dassarma et al., 
1982). The right P4-M3 (GSI 19110) was mentioned 
as a “left maxilla” by these authors, the right mandi-
ble (GSI 19111) as a “right maxilla”, and the left p4-m3 
(GSI 19113) as a “lower right tooth row”. The length 
measurements of these tooth rows are estimations 
because of the space between the teeth in these re-
constructed specimens.

Analysis and conclusions. Lydekker (1886) considered 
the large difference between the width of the upper 
and lower incisor (8.1 and 6.3 mm respectively) as 

Analysis and conclusions. Hystrix refossa is clearly 
larger than Hystrix vinogradovi. The length measure-
ments of the P4-M3 (Fig. 2a) of H. vinogradovi, those 
of the p4-m3 (Fig. 2b), the p4 (Fig. 3b) and the M1/2 
(Fig. 4a) fall nearly totally within the range of vari-
ation of the extant species Hystrix (Acanthion) 
brachyura, Linnaeus, 1758. Therefore the latter is 
considered the valid name for the smaller European 
porcupine.

Age of the assemblages. The stratigraphic range of 
H. refossa is from the Late Pliocene to Late Pleis-
tocene (Van Weers, 1994). The European H. brach-
yura is from the Early Pleistocene (Janossy, 1972) to 
the Late Pleistocene (Malez, 1963, Schweitzer, 2002), 
and Recent.

India

H. crassidens Lydekker, 1886.
Most of the type material of this species from the 
Karnul (= Karnool) district (India) has not been avail-
able. Some of the presented data (Figs. 2a, 3b) are 

Fig. 4. Length of M1/2 (A) and m1/2 (B) of the extant species H. (Hystrix) indica and H. (Acanthion) brachyura s.l., of fossil species 
recognised thus far and of specimens from localities not yet allocated to a species, with mean, range, standard deviation and number of 
specimens(n). The extant species are presented with open bars. W = Wazhuan, Y = Yanhui, L = Liucheng, Z = Zhoukoudian. For the 
current specifi c allocation see the relevant text.
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an important specifi c character. The isolated upper 
incisor (NHML M3448d) is also rather large. How-
ever, the most evident explanation for the difference 
between upper and lower incisors is that these are 
represented by remains of young and extremely old 
animals. The alveolar length of Lydekker’s young 
type mandible (GSI no. F219a) is measured from the 
cast. On that basis, the length of an adult specimen 
is estimated at not smaller than 40 mm (Fig. 2b). 
Lydekker’s P4 (GSI no. F220), at 12.7 mm is also 
extremely large (Fig. 3a). There is no clear difference 
of Lydekker’s H. (H.) crassidens from H. (H.) re-
fossa Gervais, 1852 of Europe, so it is allocated to 
the latter species.
 The alveolar length of the two p4-m3 tooth rows 
from Bankura (GSI 19111 and 19113) is estimated 
to 37 mm (Fig. 2b), and that of the maxilla 34 mm 
(Fig. 2a). The measurements of the m1 and m2 in the 
mandibles GSI 19111 and 19113 from Bankura (not 
in the graphics) can be compared with those from 
Karnool. Karnool: mean = 9.7 mm, range 9.2-10.6 
mm, number of molars seven from three specimens. 
Bankura: mean = 8.6 mm, range 7.7-9.2 mm in four 
molars from two specimens. So the molars from 
Bankura are smaller on average, but for these small 
samples an allocation to H. (H.) refossa cannot be 
excluded. However, assignment as Pleistocene oc-
currence of H. (H.) indica Kerr, 1792 or H. (H.) 
kiangsenensis seems to be more probable.
 Age of the assemblages. Biswas (1987) mentions 
a “Pleistocene and later age” of the Karnool mate-
rial. Dassarma et al. (1982) mention “later than Up-
per Pleistocene” for the Bankura material.

China

H. lagrelli Lönnberg, 1924. 
This is the smallest Chinese species, described at 
length by Van Weers (1992, 1995) on material from 
Henan and Zhoukoudian (China) and Sangiran (In-
donesia). It is distinguished from all other forms by 
its small size with the length of the upper and lower 
tooth rows not exceeding 22.1 mm and therefore not 
involved in the graphic fi gures.

Hystrix subcristata Swinhoe, 1870.
This porcupine now occurring in China is considered 
to be a subspecies of H. (A.) brachyura Linnaeus, 
1758. Most fi nds of fossil porcupine remains in 

China have been allocated to ‘Hystrix subcristata’ 
and, remarkably enough, even recently by Tong 
(2005) for the Late Pleistocene-Holocene fi nds from 
the Tanyuan Cave near Zhoukoudian. The occurrence 
of H. brachyura has been shown, indeed, in the Plio-
Pleistocene deposits of Longgupo (Van Weers, 
2003a) so an occurrence in the large samples from 
the sites of Zhoukoudian (Fangshanxian), Liucheng 
Cave (Guangxi), Wazhuan Cave and Yanhui Cave 
(Guizhou) cannot be excluded. However, Van Weers 
and Zheng (1998) showed that the isolated cheek 
teeth from these localities are on average larger than 
the extant H. (A.) b. subcristata and they considered 
the majority of them to belong to H. (H.) kiangsen-
ensis Wang, 1931.

H. kiangsenensis Wang, 1931.
This species, of which the type material is lost, was 
based on the length of a P4 (8.4 mm), M3 (7.3 mm), 
p4–m3 alveolar length (29.4 mm), two p4 (7.5 and 
9.6 mm), two m1 (7.0 and 7.4 mm), two m2 (8.2 and 
8.0 mm). These measurements are larger, on average, 
than H. (A.) b. subcristata and agree well with the 
material from the above mentioned localities allo-
cated to H. (H.) kiangsenensis. The same is the case 
with two skulls from Guangxi, southern China, (IVPP 
V5082 and V5083) fi gured by Pei (1987: 115, pl. XV, 
fi gs. 11 and 12) and perceptively characterised by him 
as “species of Hystrix and not Acanthion”. Van Weers 
and Zheng (1998) mentioned the larger average size, 
larger relative length and width of the nasals, and a 
larger relative height of these skulls (Van Weers and 
Zheng, 1998, table 1) and allocated them, confi rming 
Pei’s (1987) subgeneric assignation, to H. (Hystrix) 
kiangsenensis. The skull IVPP V5082 is here indi-
cated as the neotype of this species. In the preceding 
study of the assemblages from Zhoukoudian, 
Liucheng, Wazhuan and Yanhui (Van Weers and 
Zheng, 1998, fi gs. 2 and 3) the samples are presented 
separately in their graphics. Because of the similarity 
then demonstrated, in the present study (Figs. 3 and 
4) they are presented as if they were one species. The 
p4-m3 length of the type mandible is given in Fig. 2b, 
the P4-M3 length of the two skulls in Fig. 2a. 
 Besides the material of the localities mentioned 
above, fi nds from Zhejiang (not in the graphics) have 
been studied. A young and an old mandible from 
Hemuda (ZMNH, YHC771 and YH7701) have dp4-
m3 and p4-m3 lengths of 32 mm. A mandible from 
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the Huyan cave (ZMNH 1263) has also a p4-m3 length 
of 32 mm. These values are higher than the mean of a 
large sample (n = 86) of H. brachyura (Fig. 2b). 
 The measurements of the cheek teeth from the Late 
Pleistocene-Holocene Tianyuan Cave (Tong, 2005, 
table 3), and those of the Luobidong Cave at Hainan 
with the same age (Hao and Huang, 1998, table 5.12), 
show a larger mean size than the large samples from 
the total area of distribution of H. brachyura as pre-
sented by Van Weers (2003b).

All assemblages from this large number of localities 
ranging from Zhoukoudian to South China and 
Hainan show that the majority of the Pleistocene 
Chinese Hystrix differ from the extant Hystrix b. 
subcristata by a larger mean size, and are assigned 
to H. kiangsenensis. 

Hystrix magna Pei, 1987. 
Pei (1987) based this species on nine large cheek teeth, 
apparently selected arbitrarily, from a large number 
of teeth from southern Chinese cave deposits. Only 
one of these syntypes, an M1/2 from the Liucheng 
cave, is left (the others are lost) and is indicated as 
the lectotype of this species by Van Weers and Zheng 
(1998). Its length is the maximum value in the size 
range in Fig. 4a (10.2 mm, n = 53), representing the 
clustered assemblages of Liucheng, Wazhuan and 
Yanhui. This shows the mixed character of these as-
semblages but probably a very few specimens of these 
samples do belong to H. magna. 
 From Jiande, Zhejiang, two P4 (ZMNH, M1135 
and M1135-3) have a length of 11.2 and 10.1 mm 
respectively (not depicted in the graphics). Com-
parison with Fig. 3b shows that they agree with H. 
(H.) refossa. Guo (1997) estimated the P4-M3 length 
of an extreme old skull from Guangxi with nearly 
fused sutures (IVPP, V10999) at 38 mm (Fig. 2a). 
This skull, with the occipito-nasal length of 162 mm 
has the size of H. refossa.

Analysis and conclusions. The mean of the M1/2 
length of the cheek teeth of Wazhuan, Yanhui and 
Liucheng (Fig. 4a, n = 53) is clearly larger than H. 
brachyura. This is also the case for the P4 of 
Wazhuan, Yanhui and Liucheng (3A) and the p4 of 
Wazhuan, Yanhui and Zhoukoudian (Fig. 3b). Be-
cause also the smaller, apparently unmixed, samples 
from Hemuda, Huyan, Tianyuan and Hainan have 

mean sizes which are larger than H. (A.) brachyura, 
all these assemblages are allocated to H.(H.) kiang-
senensis, and only an unknown, insignifi cant number 
of specimens are supposed to belong to H. magna.
 The length of the M1/2 of the lectotype of H. 
magna approaches with 10.2 mm the maximum of 
H. refossa (Fig. 4a). The largest alveolar length of 
the p4-m4 of Zhoukoudian Loc. 1 (IVPP, C1772) 
approaches with 39.5 mm (Fig. 2b) that of H. re-
fossa. Therefore the very large porcupine of the 
Chinese Pleistocene is allocated to Hystrix (Hystrix) 
refossa Gervais, 1852.

Remarks. From Figs. 3 and 4 a clear similarity ap-
pears in the tooth size of H. indica and the assem-
blages from the Chinese caves which are allocated 
to H. kiangsenensis. However, the two skulls IVPP 
V5083 and V5082 allocated to the latter species have 
a morphology that differs from H. indica in its nasal 
structure (Van Weers and Zheng, 1998, tab. 1) which 
makes an allocation to the latter species not prob-
able. 

Age of the assemblages. Wang (1931) mentions a 
Late Pliocene or Early Pleistocene age for H. kiang-
senensis, and Van Weers (2003b) mentions the same 
age for H. (A.) brachyura from Longgupo. For H. 
lagrelli from China Van Weers (1995) mentions 
Early to Middle Pleistocene. Pei (1987) gives Early 
Pleistocene for the fi nds of Liucheng, and Middle to 
Late Pleistocene for the remaining localities of south-
ern China. Zheng (1993) mentions the Middle Pleis-
tocene for the Yanhui and Wazhuan caves. The H. 
kiangsenensis fi nds from the Huayan cave in Zhejiang 
are of Late Pleistocene age (Zhang, 1984). Dr Jin 
Xingsheng (pers. comm.) mentions a Late Pleistocene 
age (50 ky) for the H. magna (or H. refossa) cheek 
teeth of Jiande.

Indonesia

H. lagrelli Lönnberg, 1924.
See preceding China section. The species is recently 
described from Gunung Dawung near Punung, Java 
(Storm et al., 2005)

H. b. punungensis Van Weers, 2003. 
The Late Pleistocene material (NNMN) from Pu-
nung (Figs. 3-4) has been described as H. brachyura 
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punungensis Van Weers, 2003. Dubois collected in 
1888-1890 large numbers of teeth in the Sibrambang 
cave and cave A91 in the Padang Highlands 
(NNMN). The exact locality of cave A91 is not 
known, and the material of these two caves together 
is indicated in the graphics (Figs. 3-4) with ‘Su-
matra caves’.

Hystrix gigantea Van Weers, 1985. 
The lower jaw molars SMF no. 274 and 275 with the 
lengths 12.2 and 12.6 mm and assigned to H. gigantea 
Van Weers, 1985 from Sangiran, Java (not in graph-
ic fi gures) do not differ from H. refossa (Fig. 3b).

Analysis and conclusions. The P4 (Fig. 3a) of the 
extant H. brachyura s.l., of H. b. punungensis from 
Java and those of the Sumatran caves do not differ 
much. The p4 of H. brachyura punungensis differs 
slightly more (Fig. 3b). The similarity between these 
assemblages is large and therefore the fossil mate-
rial of Java and Sumatra is allocated to H. brachyura 
punungensis Van Weers, 2003.
 H. gigantea is considered a synonym of H. refossa 
Gervais, 1852.

Age of the assemblages. Gunung Dawung is Late 
Pleistocene. Long et al. (1996) mention an age of 80 
ky for the comparable faunas of Punung and Su-
matra, part of Sundaland at that time. For the Pleis-
tocene ‘H. gigantea’ of Java no more detailed age is 
known.

Thailand

Species of Hystrix. 
From northern Thailand fi nds from the Pha Bong 
cave and the Snake cave have been available (GSDB). 
The samples of both localities are small, do not differ 
signifi cantly, are considered as a whole and not rep-
resented in the graphics. 

Analysis and conclusions. The M1/2 (mean 8.0 mm, 
n = 11) and m1/2 (mean 8.7 mm, n = 15) approach 
the mean values of H. indica (compare Fig. 4a-b). 
This may indicate a Pleistocene occurrence of a spe-
cies H. indica but an allocation to H. kiangsenensis 
is possible as well. Without skull material showing 
the morphology of the nasal region a defi nite identi-
fi cation is not possible.

Age of the assemblages. Esposito et al. (2002) men-
tion “a Late Middle Pleistocene age” for the faunal 
assemblage of the Snake Cave, and “the main fos-
siliferous level is older than about 160 ky”. From the 
Pha Bong cave no data are known. 

Vietnam

Species of Hystrix.
From Vietnam specimens have been studied from 
the Tham Om cave, Nghe An province, the Tham 
Khuyen cave, Lang Son province and from the Lang 
Trang cave, Thanh Moa province (IAH). From the 
Lang Trang cave the largest sample is available, and 
this is the only sample presented in the graphics. 
The mean length of the P4 from Lang Trang (Fig. 
3a, n = 21) as well as that of the p4 (Fig. 3b, n = 11) 
is larger than the teeth of H. indica but this is not 
valid for the other teeth of this locality. The mean 
of M1/2 (Fig. 4a, n = 20) is smaller than that of H. 
indica, and the mean of the m1/2 (Fig. 4b, n = 23) 
is as large. Apparently the relation between the size 
dimensions of the teeth in a dentition in this popu-
lation is not the same as in H. indica. The porcupine 
of Lang Trang is clearly larger than H. brachyura 
(Figs. 3 and 4) but not clearly different from H. 
indica. 
 The smaller number of specimens from the Tham 
Khuyen cave in Vietnam have not been presented in 
the graphics. The length of the P4 (mean 9.1 mm, n 
= 6) does not differ from that of Lang Trang (Fig. 3a, 
mean 9.3 mm, n = 21). The M1/2 van Tham Khuyen 
(mean 8.0 mm, n = 11) does not differ too from that 
of Lang Trang (Fig. 4a, mean 7.6, n = 20).
 The measurements of the Tham Om cave are not 
presented in the graphics either. The P4 (mean 8.7 
mm, n = 9) does not really differ from that of Lang 
Trang (Fig. 3a), and the M1/2 (mean 7.6 mm, n = 13) 
is the same (Fig. 4a).

Analysis and conclusions. Summarising it can be 
stated that in the Pleistocene of Vietnam a porcupine 
occurred that can be allocated to H. indica Kerr, 
1792. A similarity exists in size with H. kiangsen-
ensis but without skull material showing the mor-
phology of the nasal region a defi nite identifi cation 
is impossible. 

Age of the assemblages. Ciochon (pers. comm.) 
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mentions the provisional results of ESR research of 
samples from Lang Trang of 180 ky to 350 ky and 
characterises the site as “Late middle Pleistocene”. 
Olsen Ciochon (1990) give the same age for the Tham 
Om cave. Ciochon et al. (1996) mention an age of 
the fauna of the Tham Khuyen cave of 475 ky.

Taxonomy of the Pleistocene Hystrix species

Based on the presented data fi ve Hystrix species can 
be distinguished in the Pleistocene of Asia: H. (A.) 
lagrelli Lönnberg, 1924, H. (A.) brachyura Linnaeus, 
1758, H. (H.) kiangsenensis Wang, 1931, H. (H.) re-
fossa Gervais 1852 and probably H. (H.) indica Kerr, 
1792, (Fig. 5), and two species in the Pleistocene of 

Europe: H. (A.) brachyura Linnaeus, 1758 and H.(H.) 
refossa Gervais, 1852.
 The revised taxonomy of the Pleistocene Hystrix 
species from Europe and Asia is thus as follows:

Order Rodentia Bowdich, 1821
Family Hystricidae Fischer, 1817
 Genus Hystrix Linnaeus, 1758
 Subgenus Hystrix (Hystrix) Linnaeus, 1758
  H. (H.) indica Kerr, 1792
  H. (H.) refossa Gervais, 1852
   Synonyms: 
   H. major Gervais, 1859
   H. crassidens Lydekker, 1886
   H. etrusca Bosco, 1898
   H. angressi Frenkel, 1970

Fig. 5. Map of Southeast Asia indicating the species and geographic areas of Pleistocene species studied. Solid circles = H. (H.) refossa. 
Open circles = H. (H.) kiangsenensis. Open squares = H. (A.) lagrelli. Solid squares = H. (A.) brachyura. Triangles = H. (H.) indica. 1 
= Zhoukoudian. 2 = Henan Prov. 3 = Longgupo. 4 = Guizhou Prov. 5 = Guangxi Prov. 6 = Zhejiang Prov. 7 = Lang Trang. 8 = North-
east Thailand. 9 = Bankura Distr. 10 = Karnul Distr. 11 = Sumatra caves. 12 = Sangiran and Punung. 
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   H. gigantea Van Weers, 1985
   H. magna Pei, 1987
  H. (H.) kiangsenensis Wang, 1931

 Subgenus Hystrix (Acanthion) F. Cuvier, 1823
  H. (A.) lagrelli Lönnberg, 1924
   Synonym: 
   H. (A.) vanbreei Van Weers, 1992
  H. (A.) brachyura Linnaeus, 1758
   Synonym: 
   H. vinogradovi Argyropulo, 1941
   Subspecies: 
   H. (A.) b. punungensis Van Weers, 2003

Remarks on evolution and paleogeography 

Molecular research hypothesizes that the genera 
Trichys and Atherurus of the family Hystricidae 
originated in the Paleocene from an unknown hystri-
cognath ancestor in Asia (Huchon and Douzery, 
2001). Trichys is not known from fossil assemblages. 
The oldest occurrence of Atherurus is from a Miocene 
assemblage from the Lower Siwaliks, described as 
Sivacanthion complicatus by Colbert (1933). Landry 
(1957) judged that it was similar with Atherurus 
based on the morphology of the mandible. An oc-
clusal photograph (Fig. 6) of the right m1 of a cast 
of this specimen (AMNH 19626) shows the presence 
of the four characteristic lingual infl ections which 
may occur in a certain stage of wear in Atherurus 
cheek teeth. The length of the m1 (5.3 mm) of this 
specimen falls within the range of A. karnuliensis 
Lydekker, 1886 from the Pleistocene of Southeast 
Asia (Van Weers, 2002), so it is allocated to this spe-
cies. The oldest Hystrix remains are of H. parvae 
(Kretzoi, 1951) from the Miocene, Vallesian of Hun-
gary (Van Weers and Montoya, 1996). Because these 
oldest records of Hystricidae represent already 
highly specialised animals, it is not possible to es-
tablish the origin of this family. 
 All Miocene Hystrix species are relatively low-
crowned with a H/L ratio of the cheek teeth gener-
ally not much above 1.0. A most probable ancestor 
of the high-crowned Pleistocene Hystrix species may 
be H. gansuensis Wang and Qiu, 2002 from the Late 
Miocene in the Gansu province, China. The H/L 
ratio 1.4–1.5 of the M1/2 of this species (Van Weers, 
2004) shows some overlap with that of the extant 

H. brachyura which has a H/L ratio of 1.4-2.4 (Van 
Weers and Zheng, 1998). Therefore the origin of the 
high-crowned species may lie in the Late Miocene 
or Early Pliocene. This early origin is also suggested 
by the occurrence of H. refossa in Europe and H. 
brachyura in Asia, already distinct in the Late 
Pliocene. The three endemic species of the least 
specialised subgenus Thecurus, H. (T.) sumatrae, H. 
(T.) crassispinis and H. (T.) pumila occur on Sumatra, 
Borneo and Palawan respectively. A possibility is that 
they originated from a common Late Pleistocene 
ancestor when these islands were part of Sundaland. 
However, H. (Acanthion) lagrelli from the Early to 
Middle Pleistocene of northern and Central China 
has a skull that represents a transitional stage between 
the extant subgenera Acanthion and Thecurus (Van 
Weers, 1995). That makes it probable that also The-
curus had that more northern Pliocene origin com-
pared to its current distribution. Moreover, Hooijer 
(1949) and Badoux (1959) mention that the differ-
ences between Pleistocene ancestors and extant spe-
cies seldom range beyond subspecifi c level. The small 
differences of the Late Pleistocene fi nds of Punung 
(Java) and the Sumatran caves compared with the 
extant species (Figs. 2 and 3) confi rm this observa-
tion. An early origin of the Thecurus species with a 
number of different migrations is therefore more 
probable and agrees with the statement of De Vos 
(1984) who supposes four different migrations into 
the Indonesian archipelago. An early migration may 
also hold for the endemic H. (Acanthion) javanica 
from Java, which is the least specialised species of 
this subgenus. Chaimanee (1998) mentions the ex-
treme diffi culty to reconstruct the paleogeography of 
Sundaland during the glacial stages. The distribution 
of the Hystricidae in Southeast Asia is probably the 
result of several migrations of Hystrix species from 
the Asian mainland into Sundaland. However, due to 
the limited material, a precise reconstruction of the 
paleogeography is not possible here.

Acknowledgements

John de Vos (NNMN) is thanked for entrusting me 
the specimens of the Dubois collection and for useful 
advice. Zhuding Qiu and Shaohua Zheng enabled me 
to study the collections of the IVPP. Also thanked for 
making available specimens under their care are P.
K. Basu and F.N. Mitra (GSI), Yaowalak Chaimanee 



311Contributions to Zoology, 74 (3/4) – 2005

(GSDB), Daphne M. Hills and Jerry Hooker (NHML), 
Jin Xingsheng (ZMNH), Vu The Long (IAH), Ma-
gali Schweitzer (MHNG). Hans de Bruijn and Wilma 
Wessels (Earth Sciences University Utrecht) made a 
critical reading of the manuscript. Alibadian Mansour 
and Vincent Nijman (ZMA) processed the fi gures. 
The Netherlands Organisation for Scientifi c Research 
(NWO) is thanked for their support (R87-249, 280 
and 289).

References

Argyropulo AJ. 1941. Rodents and insectivores of the Quater-
nary fauna of Binagady. Priroda 3: 88-91.

Badoux DM. 1959. Fossil mammals from two fi ssure deposits at 
Punung (Java). Thesis Univ. Utrecht. Kemink, Utrecht, 1-
151.

Biswas S. 1987. Quaternary mammalian record in peninsular 
and extra-peninsular India. Indian J. Earth Sci. 14: 296-306.

Bosco C. 1898. Hystrix etrusca n. sp. Palaeontogr. Italica 4: 
141-153.

Bowdich TE. 1821. An analysis of the natural classifi cations of 
Mammalia for the use of students and travellers. Smith, Paris, 
1-115.

Chaimanee Y. 1998. Plio-Pleistocene rodents of Thailand. Thai 
stud. Biodiv. 3: 1-303.

Ciochon R, Long VT, Larick R, González L, Grün R, de Vos 
J, Yonge C, Taylor L, Yoshida H, Reagan M. 1996. Dated 
co-occurrence of Homo erectus and Gigantopithecus from 
Tham Khuyen cave, Vietnam. Proc. Nat. Acad. Sci. USA 93: 
3016-3020.

Cuvier F. 1823. Examen des espèces du genre porc-epic, et for-
mation des genres ou sous-genres Acanthion, Eréthizon, Si-
néthère et Spiggure. Mém. Mus. Hist. Nat. 9 (1822): 413-484.

Colbert EH. 1933. Two new rodents from the lower Siwalik 
beds of India. Am. Mus. Novit. 633: 1-6

Dassarma DC, Biswas S, Nandi A. 1982. Fossil vertebrates 
from the Late Quaternary deposits of Bankura, Burdwan and 
Puralia Districts, West Bengal. Palaeont. Ind., New Series 
44: 1-66.

Esposito M, Reyss J-L, Chaimanee Y, Jaeger J-J. 1998. U-
series dating of fossil teeth and carbonates from Snake Cave, 
Thailand. J. Archeol. Sci. 29: 341-349.

Fischer W. 1817. Adversaria Zoologica. Mém. Soc. Imp. Natur. 
Moscow 5: 357-446.

Fig. 6. Photograph of a cast of the right ramus (AMNH 19626) with m1 and m2 of the holotype of Sivacanthion complicatus Colbert, 
1933 from the middle Miocene of the Siwaliks, India, now allocated to Atherurus karnuliensis Lydekker, 1886. (Scale bar = 1 mm)



D.J. van Weers – A taxonomic revision of the Pleistocene Hystrix (Hystricidae, Rodentia)312

Frenkel H. 1970. Hystrix angressi sp. nov., a large fossil porcu-
pine from the Levalloiso-Mousterian of the Geula Cave. Isr. 
J. Zool. 19: 51-82.

Gervais P. 1848–1852. Zoologie et Paléontologie Française. 
Bertrand, Paris, 1-271.

Gervais P. 1859. Sur une espèce de porc-epic fossile dans les 
brèches osseuses de l’île de Ratonneau, près Marseille. C. r. 
hebd. séances Acad. sci. 49: 511-512.

Günther A. 1877. Report on the additions to the collections of 
mammalia in the British Museum. Proc. Zool. Soc. Lond. 
1876: 735-751.

Guo J. 1997. Note on a fossil skull of Hystrix magna Pei, 1997 
(Rodentia, Mammalia) from Chongzuo, Guangxi. Verte-
brat. PalAsiatic. 35: 145–153. [Chinese: 145-151; English: 
151-153]

Hao S, Huang W. 1998. Excavation report of the Luobidong 
cave site. [Chinese: 1-164; English: 125-129]

Hooijer DA. 1949. Mammalian evolution in the Quaternary of 
southern and eastern Asia. Evolution 3: 125-128.

Huchon D, Douzery EJP. 2001. From the Old World to the 
New World: a molecular chronicle of the phylogeny and bio-
geography of hystricognath rodents. Mol. Phylogenet. Evol. 
20: 238-251.

Jánossy D. 1972. Ein kleiner Hystrix aus dem Altpleistozän der 
Fundstelle Osztramos 8 (Nordungarn). Vertebrat. Hungaric. 
13: 163-182.

Kerr R. 1792. The animal kingdom or zoological system of the 
celebrated Sir Charles Linnaeus, class I, Mammalia. Murray 
and Faulder, London, 1-314.

Landry SO. 1957. The interrelationships of the New and Old 
World hystricomorph rodents. Univ. Calif. Publ. Zool. 56 (1): 
1-118.

Long VT, Vos J de, Ciochon RL. 1996. The fossil mammal 
fauna of the Lang Trang caves, Vietnam, compared with 
Southeast Asian fossil and recent mammal fauna’s: the geo-
graphical implications. Indo-Pac. Prehist. Ass. Bull. 14 (Chi-
ang Mai Papers 1): 101-109.

Lönnberg E. 1924. On a new fossil porcupine from Honan with 
some remarks about the development of the Hystricidae. 
Palaeontol. Sinica 1 (3): 1-15.

Lydekker R. 1886. The fauna of the Karnul Caves. Palaeontol. 
Indica 10 (4): 23-58.

Malez M. 1963. Die quartaire Fauna der Höhle Veternica 
(Medvednica-Kroatien). Paleontol. Jugoslavia 5: 1-193.

Olsen W, Ciochon RL. 1990. A review of evidence for postu-
lated Middle Pleistocene occupations in Viet Nam. J. Hum. 
Evol. 19: 761-788.

Pei W. 1987. Carnivora, Proboscidea and Rodentia from 
Liucheng Gigantopithecus cave and other caves in Guangxi. 
Mem. Inst. Vertebr. Palaeont. Palaeoanthrop., Acad. Sinica 
18: 1-115. [Chinese: 1-94; English: 95-115]

Schweitzer M. 2002. Grotte de Chênelaz (Hostias, Ain, France): 
Les grands Mammifères de la couche 6b. Rev. Paléobiol. 21: 
803-818.

Swinhoe R. 1870. Catalogue of the mammals of China (south of 
the river Yangtsze) and of the island of Formosa. Proc. Zool. 
Soc. Lond.: 615-653.

Storm P, Aziz F, Vos J de, Kosah D, Baskoro S, Ngaliman, 
Hoek Ostende LW van den, 2005. Late Pleistocene Homo 

sapiens in a tropical rainforest fauna in East Java. J. Hum. 
Evol. 49: 536-545.

Tong HW. 2005. Hystrix subcristata (Mammalia, Rodentia) 
from Tianyuan Cave, a human fossil site newly discovered 
near Zhoukoudian (Choukoutien). Vertebrat. PalAsiatic. 43: 
135-150. [Chinese: 35-147; English: 148-150]

Vos J de. 1984. Reconsideration of Pleistocene cave faunas 
from South China and their relation to the faunas from Java. 
Cour. Forsch. Inst. Senckenberg 69: 259-266.

Wang KM. 1931. Die Hohlenablagerungen und Fauna in der 
Drachen-Maul-Hohle von Kiangsen, Chekiang. Contrib. 
Nat. Res. Inst. Geol., Acad. Sinica 1: 41-65. 

Wang BY, Qiu ZX. 2002. A porcupine from Late Miocene of 
Linxia basin, Gansu, China. Vertebrat. PalAsiatic. 40: 23-33. 
[Chinese: 23-31; English: 31-33]

Weers DJ van. 1985. Hystrix gigantea, a new fossil porcupine 
species from Java (Rodentia: Hystricidae). Senckenbergiana 
Lethaea 66: 111-119.

Weers DJ van. 1992. Hystrix vanbreei n. sp., a new fossil por-
cupine from the Pleistocene of Java, with notes on the extant 
species of the Indonesian Archipelago. Senckenbergiana 
Lethaea 72: 189-197.

Weers DJ van. 1994. The porcupine Hystrix refossa Gervais, 
1852 from the Plio-Pleistocene of Europe, with notes on 
other fossil and extant species of the genus Hystrix. Scripta 
Geol. 106: 35-52.

Weers DJ van. 1995. The fossil porcupine Hystrix lagrelli Lön-
nberg, 1924 from the Pleistocene of China and Java and its 
phylogenetic relationships. Beaufortia 45: 17-25.

Weers DJ van. 2002. Atherurus karnuliensis Lydekker, 1886, a 
Pleistocene brush-tailed porcupine from India, China and Vi-
etnam. Paläont. Zeitschr. 76 (1): 29-33.

Weers DJ van. 2003a. The porcupine Hystrix brachyura Lin-
naeus, 1758 in the cave deposits of Longgupo, China. Beau-
fortia 53 (3): 61-65.

Weers DJ van. 2003b. The porcupine Hystrix (Acanthion) brach-
yura punungensis subsp. nov. from Late Pleistocene fi ssure 
deposits near Punung, Java. Scripta Geol. 126: 217-225.

Weers DJ van. 2004. Comparison of Neogene low-crowned 
Hystrix species (Mammalia, porcupines, Rodentia) from Eu-
rope, West and Southeast Asia. Beaufortia 54 (5): 75-80.

Weers DJ van, Montoya P. 1996. Taxonomy and stratigraphic 
record of the oldest European porcupine Hystrix parvae 
(Kretzoi, 1951). Proc. Kon. Ned. Akad. Wetensch. 99 (1-2): 
131-141.

Weers DJ van, Zheng S. 1998. Biometric analysis and taxo-
nomic allocation of Pleistocene Hystrix specimens (Roden-
tia, porcupines) from China. Beaufortia 48 (4): 47-69.

Zhang M. 1984. A fauna from Huayan cave, Xitianmu moun-
tain, Zhejiang. Vertebrat. PalAsiatic. 22: 139-144. Chinese, 
English abstract.

Zheng S. 1993. Quaternary rodents of Sichuan-Guizhou area, 
China. Acad. Sinica, Beijing: 1-270 [Chinese: I-IX, 1-230; 
English: 231-270]

Received: 1 November 2005
Accepted: 9 January 2006



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1800
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1800
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


