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[With 3 Tables & 7 Figs.]

Variations and correlations of 12 linear measurements, and also va-
riations of the rostral angle and maxillary index of skulls of two spe-
cies of European hedgehogs — E. roumanicus (n=133) and E, europaeus
(n="74) were examined. Correlation connections between different skull
measurements were plotted on Czekanowski’'s diagrams and the corre-
lation structures of the two species compared by two methods: Te-
rentjev’s correlation pleiads and Vyhandu's. Considerable differences
were found in the correlation structure of the skull. The indicator-cha-
racters of the skull: condylobasal length and zygomatic breadth — exhibit
different degrees of connections with the other skull measurements in
both of these hedgehogs. Tendencies to intraspecies wvariation were
common in the two forms: montane individuals were larger than low-
land hedgehogs. Perhaps these differences are connected with ecological
conditions of hedgehog habitat.

1. INTRODUCTION

The systematic classification of hedgehogs occurring in Europe is di-
stinguished by the existence of several subspecies, which may be due to
the extensive range of these mammals (cf. Ellerman & Morrison-
-Scott, 1951). The more or less clearly marked variations in the posi-
tion and shape of the bones of the viscerocranium (maxilla, nasal), in the
ranges of both the western and eastern hedgehogs have become, in addi-
tion to other morphological characters, a basis for differentiating between
subspecific forms of a decidely local character (Barrett-Hamilton,
1900; Stein, 1929/30 and others). As early as 1900 Lonnberg
adopted a critical attitude towards the taxonomic characters used at that
time, and questioned the usefulness of the shape of proc. frontalis
maxillae. He simultaneously showed, using as an example the Swedish
subspecies, Erinaceus europaeus typicus Barrett-Hamilton, 1900,
that variations in this character may be very considerable, since he found
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three different types of formation of these processes in this subspecies,
charateristic of the typicus, occidentalis and roumanicus forms.

The maxillary index points, inter alia, to a certain degree of liffe-
rence in the skull structure of Erinaceus europaeus Linnaeus, 1758
and Erinaceus roumanicus Barrett-Hamilton, 1900 (Herter,
1938 and 1952; Stein, 1929/30; Rodl, 1966). Recently the result
obtained by R6d1 (1966) show that in addition to differences i1 the
values of the maxillary index, the skulls of the two hedgehogs also liffer
concerning the values of the parietal and nasal indices. Rod1 (196f) did
not, however, obtain complete differentiation of the two species of hed-
gehog in Czechoslovakia on the basis of the accepted skull criteria desyite
the fact that karyological analysis suksequently indicated their separate
character (Kral, 1967). It may be considered that skull indices fa the
two species of Erinaceus possess a relative taxonomic value depeiding
to a considerable degree on their individual variations and the loality
from which the study material was obtained. It would also appear that
the degree of differences in the taxons compared does in fact serbusly
affect the practical usefulness of skull indices. This seems to confirn the
results obtained by Zaidova (1961) regarding the differences in skull
indices in the genera Hemiechinus and Erinaceus.

In order to define the differences between skull measurements vhich
are not of diagnostic values the correlation structures based on these
characters was examined and the degree of their differentiation ir two
species of hedgehog — the »western« (E. europaeus) and the »easemc
(E. roumanicus). In addition an attempt was made to estimate the ringes
of variations in tke skull material of both species of hedgehog by regonal
analysis.

It would also appear useful to simultaneously employ several ways of
presentinrg differerces and similarities in the correlation structures of skull
measurements in diagram form (Czekanowski, 1913; Terentjev,
1943, 1960; Vyhandu, 1964). Terentjev's method of correlation pkiads
has frequently been applied in craniometric studies from the systenatic
aspect (Rossolimo, 1962; Kanep, 1967), and also variability aspect
(Cabon-Raczynska, 1964; Gerasimowv, 1969). The hierarcizal
treatment of interrelations between characters makes it possible to clocse,
from a large number of closely correlated dimensions, the indiator-
character which consequently describes the other characters with vhich
it is connected. This arrangement of correlations corresponds, after Te-
rentjev, to intra-pleiad connections. Further degrees of interdepencence
of characters as their correlation decreases constitute independent gioups
of mixed and finally interpleiad connections, of which the latter canot
be described by means of their correlation with other dimensions. Actord-
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ing to Terentjev there are independent pleiads which, together with de-
pendent pleiads, estimate the taxonomic value of characters.

2. MATERIAL AND METHODS

The material used consisted of 207 hedgehog skulls (133 — E, roumanicus and 74
—E. europaeus) from Europe, originating from collections in the British Museum
in London, the Zoological Museum of the Humboldt University in Berlin, the Insti-
tute of Zoology, Polish Academy of Sciences in Warsaw, the Institute of Zoology
of the Academy of Sciences of the USSR in Leningrad and the Institute of Zoology,
Lomonosov University in Moscow. Use was also made of hedgehog skulls from
Poland, chiefly those in the collections of the Mammals Research Institute, Polish
Academy of Sciences, at Bialowieza. It must be emphasised that the material was
not at all of a uniform quality, since it had been obtained from different parts
of the ranges of these two species and consequently contained specimens belonging
to different populations. The material was divided into the two species on the basis
of known morphological criteria (Herter, 1938; R6dl, 1966) and analysed only
from the aspect of the differences between them.

Among the skulls used for analysis were those of adult and old animals of both
sexes and also specimens of unidentified sex, and in this connection it is necessary
to bear in mind the possibility of variations in age affecting the correlation structure
of skull measurements (¢f. Cabon-Raczynska, 1964).

b

Fig. 1. Method of measuring rostral angle of hedgehog skull.
a— fixed arm, b — movable arm of protractor.

Twelve linear measurements accurate to 0.1 mm were made on the skulls, defined
as follows: (1) Cb., (2) length of upper tooth row (from I'— M3), (3) mandibular
length (from the internal margin of alveolus I; to the end of proc. articularis),
(4) mastoidal breadth, (5) zygomatic breadth, (6) maximum breadth of nasals, (7) pos-
torbital breadth, (8) maximum length of nasales, (9) height of skull per bullae,
(10) height of ramus mandibulae (from inc. praeangularis mandibulae to apex of
proc. coronoideus), (11) length of neurocranium (Cb. minus palatine length), (12) pa-
latine length (from incisure on prosthion to staphylion).

In addition the rostral angle of pars facialis was measured in the frontal plane
by inserting the rostra of the skulls in the opened arms of a suitably meodified
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protractor. When making this measurement the skull was in contact horizontally
with the two arms of the protractor in two places: lateral points on the margins
of intermaxillare and the same on proc. zygomaticus ossis maxillaris (Fig. 1).
Maxillary indices were calculated for the majority of the material, i.e., ratio of
length of maxilla on the suture (from the apex of proc. nasalis ossis intermaxillaris
to the end of proc. frontalis ossis maxillaris) and its height (from the apex of proc.
nasalis ossis intermaxillaris to the external edge of alveolus P1?).

Means (x), standard deviations (SD) and coefficients of wariation (C.v.) were
calculated for these craniometric values which were examined for possible sexual
dimorphism for each species as well as for differences between populations within
the given species. Skull measurement values were subjected to analysis of variance
and tested for significance by the F Snedecor test at the P=.05 and P=.01 levels.
In addition each craniometric measurement was correlated with each of the others,
obtaining a correlation matrix for the two species, each of which consisted of
66 coefficients r. The correlation matrix was examined for existence of differences
in the correlation structures of skull measurements in the two species. Significance
of differences between corresponding pairs of correlation coefficients for both species
was defined by the usual methods, accepting the two levels of probability stated
above.

3. RESULTS

3.1. Interspecies Similarities and Differences

The result of the comparisons made between average skull measure-
ments for the two sexes of both species of hedgehog showed that there
is only one statistically significant difference relating to the postorbital
breadth in E. roumanicus (.01<<P<<.05), and on this account skulls of
males, females, and of unidentified sex were analysed jointly.

The series of skulls for both species of hedgehog were obtained from
different localities in their contemporary range in Europe. They were,
however, treated jointly and ranges of variations of skull measurement
characters were examined for each species. The results given in table
1 show that mone of the 12 linear measurements applied individually
provides a basis for defining the species on account of the almost complete
overlapping of ranges of measurements of both forms. The usefulness
of the maxillary index was fully confirmed in defining the two species
on this basis. The value of the rostral angle (Table 1) may also be of
certain, although only supplementary, taxonomic importance.

Comparison of coefficient of variation shows that the study material
varies to a slight degree only. The greatest variations in both forms were
found with respect to breadth of nasals (C.v.=14.04 and 18.38%). The
other skull measurements exhibit variation within limits of (C.v.=2.88
—6.20%0), and therefore the material may be considered relatively uni-
form and treated jointly for purposes of analysing correlation structures
of both species. For this purpose calculation was made of the correlation
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coefficient of each linear measurement of the skull in relation to each of
the other measurements, separately for E. europaeus and E. roumanicus.
Due to the different number of skulls (E. roumanicus n=121, E. euro-
paeus n="70), among the 66 coefficients 11 were not significant in E. rou-
manicus when P=.05 was accepted (r=.1946). In the case of E. europaeus
8 coefficients (r==.2319) were not significant at P=.05 level, and the
significance of 3 coefficients came between P.s and P.n (r=.3017).

A total of 55 highly significant r values (P<<.01) were found for both
species, which forms 83.3% of all coefficients in the correlation matrix.
and thus the skull dimensions examined for the two species of hedgehog
are reciprocally highly correlated.

3.1.1. The Czekanowski Diagram Method

The correlation matrix of skull measurements for the two species,
arranged on diagrams in order of their decreasing and increasing values,
clearly reveals the similarities and differences within the correlation
structures of the two forms. Due to the individual arrangement of each
diagram the order differs in which the examined characters occur (Fig. 2).
Both species are distinguished by a different order in the arrangement
of the various dimension characters on the diagrams which correspond
to defined r values. Although the same number of significant correlation
coefficients (n=>55) with P<<.01 was found for both species, the skull
of E. europaeus is characterized by measurements correlated to a greater
degree than E. roumanicus.

In E. roumanicus the compact block of characters most highly corre-
lated with the remainder is formed by: Cb. (1), and mandibular length (3),
length of upper tooth row (2) and length of braincase (11), while a second
block is formed by: zygomatic breadth (5), height of ramus mandibulae
(10) and mastoidal breadth (4).

In E. europaeus, on the other hand, the analogous block is formed by:
Cb. length (1), palatine length (12), upper tooth row length (2), and length
of braincase (11). The second block consists of mandibular length (3),
zygomatic breadth (5), mastoidal breadth (4), and skull height (9). In
principle therefore the arrangement of characters correlated to the highest
degree can be considered as one two-winged block in E. europaeus, the
connecting element of which is condylobasal length (Fig. 2).

Comparison of correlation matrices in the two species of hedgehogs
showed the following differences:

1. Skull height (9) is significantly correlated with: postorbital breadth
(7), and zygomatic breadth (5)— (P<<.01), as well as with mandibular
length (3), Cb. (1) and braincase length (11) — (.01 <P<.05).
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2. Mastoidal breadth (4) is significantly correlated (.01<<P<.05) with
the mandibular length (3), upper tooth row length (2), and with Cb.
length (1).

3. Nasals length (8) and height of ramus mandibulae (10) are signifi-
cantly correlated in both species (.01<P<.05).

It must be emphasised that the maximum numbers of interspecific
differences were found in braincase height and breadth which were
significantly correlated with other skull parameters in both species
(Table 2). Heretofore differences between the two species of hedgehog
have been found mainly within the splanchnocranium (Herter, 1938;
Rodl, 1966).

Table 2
Significance of differences between corresponding pairs

of correlation coefficients in skull dimensions of the
hedgehog at the .05 (*) .01 (**) level.

Measurements 1 2 3 4 b 6 7 8 g 100 01 " 12

Ch. length X . ¥
Maxillary tooth-row

length X
Mandible length b4
Mastoid breadth v

Zygomatic breadth b 4 i

Nasal breadth e

Postorbital breadth X T

Nasal length 2K *

Height of skull 56 ¥
Height of ramus mandibu-

lae X
Braincase length X
Palatine length b

*
-

-
Cwo~IMmumbw -

et
B s

3.1. 2. Terentjev’s Correlation Circle Method

Correlation matrices arranged on Czekanowski diagrams permit plotting
frequency curves in classes of correlation coefficients for the two species.
These distributions (Fig. 3) are bimodal. The group of correlation coeffi-
cients (r<.20), which would correspond to interpleiad connections, is
very distinct. The group of mixed connections is not distinguished in any
way. Both curves gradually pass into a clearly distinguished large group
including both mixed and interpleiad connections (terminology after
Terentjev, 1943).

In order to avoid subjective treatment when dividing the curves into
three groups of connections (Fig. 3), I used a modified form of Teren-
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t jev's method (1960), in accordance with which the correlation coeffi-
cient matrix illustrating the correlation structure of a given object can
be imagined as a cylinder. This cylinder is divided into parts, the bases
of which form correlation circles to which increasing degrees of inter-
dependence of characters correspond (e.g., 7=.2, =4, r=.6 and r=.8).
In determining the lower limit of the range of r values of correlation
coefficient significances were considered for both species (Fig. 4).

It is possible to observe species differentiation in various order and
degree to which characters fall away from the pleiads as the level of
interdependence of characters increases. Various correlation pleiads be-
came separate on the level of r=.8, but in such cases interspecies diffe-
rences were visible from the lowest levels (Fig. 4).

"

=1
i
=

00-1n  §1-20 20-.30 3-40 41-50 .51-60 .61~70 .7i-80 .81-80 ©1-00
Fig. 3. Distribution of frequencies of correlation coefficients for skull dimensions

in representatives of the genus Erinaceus.
a — E. europaeus, b — E. roumanicus

In E. roumanicus the group of independent pleiads relates to the follo-
wing characters: mastoidal breadth (4), zygomatic breadth (5), breadth
of nasals (6) and postorbital breadth (7), and also length of nasales (8),
skull height (9) and height of ramus mandibulae (10).

In E. europaeus this group has a smaller range, covering only breadth
of nasals (6) and postorbital breadth (7), length of nasales (8) and height
of ramus mandibulae (10).

One pleiad of five characters, reciprocally connected and highly inter-
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dependent, were found in E. roumanicus. These are: Cb. (1) — connected
with four characters, palatine length (12) — connected with three, length
of — upper tooth row (2) and of mandible (3) — connected with two and
finally length of braincase (11), which connects with one character on
this level.

E. europaeus exhibits a pleiad of 8 highly dependent characters. In
addition to the characters identical to those in E. roumanicus, at r =.8,
are included mastoidal breadth (4), zygomatic breadth (5), and skull
height (9). This pleiad is distinguished by the following properties: Cb (1)
and length of mandible (3) each separately connect six characters, while
zygomatic breadth (5) is connected with four characters. Three characters
are simultaneously connected with each other by: palatine length (12),
upper tooth row length (2) and mastoidal breadth (4). Skull height (9) is
connected with two characters, and length of braincase (11) with one.

Thus the correlation structure of E. roumanicus skull are distinguished
by a larger number of independent pleiads (7) and the pleiad of cha-
racters highly dependent on each other comprises five characters only.
The reverse applies to E. europaeus, which possesses a smaller number
of independent pleiads, (4), but with a very extensive pleiad of reciprocal
and highly dependent characters since its range takes in eight compo-
nents.

3.1.3. Vyhandu’s Method

The advantages of this method are its simplicity and ease of applica-
tion. The calculated correlation coefficients are set in descending order,

E. europaeus E. roumanicus
Fig. 5. Interspecies differences illustrated by means of Vyhandu’s method.

giving by each of them the number of characters which correspond to it.
In turn a given number of unrecurring combinations of characters is
chosen (in this case, 11) which contain all the measurement characters
grouped in chains used to calculate the given correlation structure.
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Additionally, corresponding r values can be placed in the intervals se-
parating the various characters, thereby forming links in the chain
(Vyhandu, 1964). In our case this value was given in the correlation
coefficients matrices (Fig. 2).

The chain system formed in this way exhibits the following similarities
and differences for E. europaeus and E. roumanicus (Fig. 5).

1. Four skull measurements: Ch. (1), length of mandible (3), length
of braincase (11) and palatine length (12) are directly dependent in both
species.

2. Cb. length (1) is maximally interdependent on the other characters
in both species, except that in E. roumanicus it is connected with three
characters, and in E. europaeus with as many as seven. In the latter
species four other characters are connected with Ch., length: zygomatic
breadth (5), mastoidal breadth (4), length of the upper tooth row (2), and
nasals (8).

3. Zygomatic breadth (5) is the second character in this order exhi-
biting the maximum number of connections with the remainder. In
E. roumanicus it is connected with 5, and in E. europaeus with 4 cha-
racters.

Thus among the interrelations of skull measurement — Chb. (1) and
zygomatic breadth (5) are distinguished by the greatest number of con-
nections with the remaining measurements in both species, and they
may therefore be defined as indicator characters suitable for taxonomic
purposes. On the other hand, the following can be considered as taxono-
mically important characters in both species either due to the absence
of their correlation, or to their very slight direct connection with the
remainder: length (8) and breadth of nasales (6), postorbital breadth (7),
and height of ramus mandibulae (10).

3. 2. Interpopulation Differentiation

Using the above characters which exhibited the maximum degree of
reciprocal relation, plus one character among those which formed inde-
pendent pleiads were selected. Thus in descriptions of different local
populations the following were considered: Ch. length (1) and length of
upper tooth row (2), length of mandible (3), zygomatic breadth (5) and
height of ramus mandibulae (10), and also additionally the rostral angle
and maxillary index. On this basis analysis was made of variations in
different local hedgehog populations, simultaneously making compari-
sons between them. The material was divided into 7 Erinaceus rouma-
nicus and 6 Erinaceus europaeus regional groups. The number of indi-
viduals in different populations and ranges of variations in their cranio-



A. L. Ruprecht

432

12T (11=u) £9'8 (02=1) g£g'¢ S0P oLe 0g'e 69°C

FOTF609% TIT0F23T LOTFEP6T SBETFTICHPE 8STFI8CF C6'0+9882 CI'TF09LE 12 puepod jo sjaed Iayio
08¢ ST'L ST'd 99'¢ eL'e 18'¢ 6E°E

ZETFRILY 600FFCT 8BLOFOLBI FCTF#BEE BT FLECP B80T FLC8C G6'1F199¢ @2 159104 [BAQIWILI BZIIMOFelyg
g6'e EA 0 4 G6'e 68°€ 18°¢ 61°C ¥8'¢

CO'TFE98F CO0OFECT 660 F G008 02'I +8E'¢E GCTFOCey POOFPI6C LOTFPLBS 8 BOWILID
09% 9L’8 LTS 184 69°€ £v'e ¥6°¢

ZI'ZFLIOF IT'0F6CT L6OFEEBT FFI1F6LC€ PETF89TF 960F808C 18¢+I198 GCI 2jeurjered AO0JII3
06'% 108 88'% 62 626 ¥0'e 6%'¢

BE'CF088F OT0FEET 960 F €960 €SI F19¢E CFIF0SCr LBOFOLBE C0C+96L8 FI S}IN snseanen
682 88'L oLy gl Lg'e 0L'e LO'E

BE'TFE6LF OT'0FSTT 060F668I 0F'IF %8 BE'IFOI'ZF LLOFTPBE ELTTFOP'99 ¥I ajeunereg [(Luzoin
86°¢ 00°IT 169 88’y 61'F or'e 86°¢

CBTFIPOF FI0FO92T %21 F006T 6F'T FO0FE GLTFC8ZF 06°0FLO6E 62EF89LE g (udzsnyoN) 9jeune[ed j3sa.1g

SNOMUDWNOL SRAIDULLT

92°¢ (08=u) Z9FI (0g=U) 179 1§72 LO% el 8%

NLEFOPIS CSI0FSB0 PCTIFIEC6T 88T FOLFE ELTFEPGP OT'TF088C GLECF999S T (HID % HaD) Auewian

$2¢ (9=U) £¢°CT 8% 10°G 9¢'¢ 9¢¢ e

6LEFLI'ES CIOF080 L80F6E6I OLTFPOCE SETF09Ck ELOFCPBE 96'TFCELS OI puerodg
[4' 4 gL'L ELY 0F'e 98’1l €'l %1 (sojeunered

CCIF09'IS LOOFO060 T160FTIE6T LITFOEPE LLOFISTE OF0FO9LE 6L0F6€¢6S 0OI MODSOINl 79 UTUI[RY) HUSSN

£0°E (9=1U) 90°LT (9 =) LE'9 Le'S 65°S ¥Le ¥9'¢c

ISTF L96F CI'0F ELO 18T F €908 20'C + 69°LE OPZFFPCOF OTTFE60E LVEFO6PIO L PUBLIIZIIMG
68°C CL'Ze 819 <2 c8'e 6%°0 gL't

ITTFLO0S O9T0FOL0 2281 FEeL6T LBOFLEPE O0T F26'IF PI0FGBLE 960FLBCES 9 Arey]

682 (9=u) LTIl (9=1) G9'g |78 co'e 0r'e 06T

LETTEE'LF LOOFSO0 6%0FLIBI 8STFICEE 62T F8ECF 090FCEBC LO'T F 9298 1T urejrag jearn

snandoina SNadvuLLy
se[nqipuew ) 8uay
argue xapur yipeaiq yyguay . yyBua]
TRI)S0Y IRT[IXBIA HMJMMM.N onewofAz  O[QIPUBIA hbwwmﬁm%\m« [eseqorApuoy u EFie I A

‘uojerndod yoea I0j JUI[ PUOIIS Ul UOTJBIIBA JO SJUSIDIJJO0D PUBR DUI[ ISI[J Ul USAIS 9IB SUONBIASD PIBPUR)S PUB SafeIaAy
‘suorjeindod juaiazyip woay sfoyadpay JO SUOISUSWIP [[NHS Ul SUOIJRLIBA

€ 919BL



Correlation structure of skull 433

metric dimensions were set out in table 3. In E. roumanicus the local
populations distinguished were from relatively limited and uniform areas
(Table 3), but in the case of E. europaeus the term »population« meant
natural groups of animals coming from territories of different countries.
These local populations were thus taken as »centres« from which ma-
terial was obtained on the scale of the palaeoarctic distribution of E. euro-
paeus. Representatives of E. europaeus from the USSR were obtained from
the Kalinin and Moscow palatinates, i.e., from a relatively small area
fully comparable in size with other territories. It is of course obvious
that divisions of this type are artificial.

3.2.1. E. roumanicus

In order to obtain the most uniform groups of populations possible
within the given species (bearing in mind positive correlation of the
characters examined) the following procedure was adopted: (a) average
values of each character from different populations were ranked; (b) the
total of such ranks was calculated in each population and these totals
used as a basis for accepting two possible variants of uniform groups;
(c) analyses of variances were made separately for each variant.

The first variant was distinguished by the exclusion of the population
from the Crimea, while the second would exclude the populations from
the Crimea, the Caucasus and the Kirov regions.

Reciprocal comparison of average skull dimensions and maxillary index
simultaneously in 7 populations showed statistically significant differences
in all characters except for the index. Ch. length and mandible length
were different ((01<P<.05) and the means for the remaining three
dimensions differed in a highly significant way (P<.01) — Table 3.

The first comparison shows that the hedgehog population from the
Crimea differs most from the remainder. In the second comparison this
population was omitted and the remaining 6 populations compared with
each other. No statistically significant differences were found between
average values for: Cb. length, mandible length and maxillary index.
Statistically significant differences were found among of the three re-
maining characters (P<<.01) as in the height of ramus mandibulae
(.01<P<.05).

Thus populations from the Caucasus (large dimensions) and the Kirov
palatinate (small dimensions) were excluded as differing to the greatest
extent.

In the third comparison only the four other populations were consi-
dered and then statistically significant differences were found only
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between mean upper tooth row length (.01<<P<.05) and the rostral angle
(P<.01).

It would thus appear that populations from the Brest region (Moku-
szyn), Groznyj region, Bialowieza Primeval Forest and other Polish terri-
tory from a uniform group. Individuals from the remaining populations
are significantly larger (Crimea and Caucasus) or smaller (Kirov region)
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Fig. 6. Condylobasal length (Cb.) variations in both species of hedgehog from
different populations.

E. europaeus 1— Great Britain, 2 —Italy, 3 — Switzerland, 4 — USSR (Kalinin
& Moscow Palatinates), 5 — Poland 6 — Germany, E. roumanicus 1 — Brest Palati-
nate (Mokuszyn), 2 — Groznyj Palatinate, 3 — Caucasus Mts, 4 — Kirov Palatinate,
5 — Crimea, 6 — Bialowieza Primeval Forest, T — Other parts of Poland.

than this group. Among the seven E. roumanicus populations those ori-
ginating from mountainous areas (Caucasus, Crimea) were distinguished
by the maximum skull dimensions, and this was accompanied by greater
breadth of pars rostralis (Table 3 and Fig. 6).
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3.2.2. E. europaeus

The rank system for average values was used also for E, europaeus,
the totals of which indicated three variants of possible comparisons. The
first of them did not consider Swiss, Polish and German populations,
and in the second excluded the British, Italian and Russian populations.
The third variant omitted the latter three and German populations from
comparisons.

The first comparison of six populations of E. europaeus showed that
there are statistically significant differences between them, Differences
between average values for all skull measurements and for the index
were highly significant (P<<.01), except for height of ramus mandibulae
(.01<P<.05 — Table 3).

Fig. 7. Variations in rostrum breadth in both species of hedgehog from di.fferent
populations (Geographical ranges after Wettstein, 1942).

Certain differences were also found between British, Italian and
Russian hedgehogs, but although they were highly significant they re-
ferred only to upper tooth row length, the rostral angle, and maxillary
index (P<.01). In this arrangement British hedgehogs differed signifi-
cantly from the other two populations, having a longer upper tooth row,
Acta theriol. 29
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narrower rostrum and low maxillary index, which to a certain extent
confirmed the data given earlier by Wettstein (1942).

Statistically these three populations were differentiated to the least
degree from the remainder, from the respect of hedgehog subspecics
systematics, they corresponded occidentalis, italicus and centralrossicus
forms. Nevertheless the separate character of the British occidentalis
form would appear justified and is based on different structure of rostral
skull elements (cf. Wettstein, 1942).

Swiss, Polish, and German hedgehogs differed in the following cha-
racters: Cb. length, length of upper tooth row and mandible (P<<.01),
and also height of ramus mandibulae (.01<<P<.05). In this arrangement
the Swiss population differed significantly from the remainder (Table 3,
Fig. 6).

The third comparison referred to hedgehogs from Switzerland and Po-
land and showed statistically significant differences among them with
respect to the following characters: Cb. length, upper tooth row length
and mandible (P<<.01), zygomatic breadth, height of ramus mandibulae,
and the rostral angle (.01 <<P<<.05).

Hedgehogs from the British Isles had extremely narrow rostra but
hedgehogs from Poland had outstandingly broad rostra. Intermediate
between them were animals from Switzerland, Italy, Germany and Russia
(Table 3, Fig. 7).

Rostral angles in both E. roumanicus and E. europeeus from Poland
exhibited only a minimum degree of mutual overlapping and thus form
an additional taxonomic character of supplementary importance, For
E. roumanicus these values varied within limits of 45°—50°, and in
E. europaeus, 50°—57°. In other populations of both species the degree
of mutual overlapping of rostral angle values was either greater or
lesser (Table 3 and Fig. 7).

4. DISCUSSION

The large range of variations in skull indices and nasal bone dimen-
sions indicates that these characters are of little practical usefulness.
Their variability, expressed in coefficients was one of the highest in the
material examined, both in the series of the two species and in different
populations (Table 1 and 3). On this account the skull indices used by
Rodl (1966), in particular the nasal, based on the two dimensions of
nasals and also the parietal index, and considering measurement of spread
of proc. parietalis ossis frontalis, can only be important as convenient
diagnostical characters under given local conditions. Despite their taxc-
nomic value, which is not very great (both dimensions of the nasal bones
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constituted independent pleiads in our case) even exhibited a certain
degree of mutual overlapping in both forms from Czechoslovakia (ci.
Rodl, 1966). It would seem that material originating from so small
area as Czechoslovakia should be distinguished by an appropriately smail
scale of index variations, but this proved not to be the case, and thus
simultaneously confirmed Mayr's opinion (1968) that all characters
used for distinguishing between species are subject, like others, to
geographical variation. This certainly also applies to the rostral skull
angle which we used, but is of certain taxonomic value only in Poland.
It would seem that the practical usefulness of skull indices is defined
to a great extent by the degree of proximity of the forms compared.
Indices from different genera of hedgehog (Erinaceus and Hemiechinus)
proved more useful here (Zaidowva, 1961).

The cause of a certain degree of morphological similarity of craniel
characters in the two European species of hedgehog is their close degree
of relationship, including the possibility of their crossbreeding (Herter,
1938). On the other hand analysis of chromosome formulae (Kral, 1967)
and autoradiographic studies (Gropp & Citoler, 1969) fully confirm
the species status of the two forms previously proposed by Herter
(1938) and Kratochvil (1966), according to whom these two species
should be considered sibling species.

Although the correlation structures presented here cannot be directly
applied as key characters for distinguishing between the two forms,
a knowledge of correlation relations of skull measurements can be success-
fully used in studies of fossil remains. For instance, on the basis of
mandible length conclusions can be reached as to the remaining skull
dimensions, depending on the degree of their reciprocal correlation.
Similar methods of drawing conclusions as to the animal’s size from
the inner length of skull have been devised by Wyrost & Kuchar-
czyk (1967) as the result of correlation analysis of skull measurements
and height at the rump of different breeds of dogs. The value of the
results obtained also consists of the fact that although the two species
of hedgehog could not be reciprocally distinguished on the basis of abso-
lute values of the 12 dimensions used, the analysis of correlation structure
of measurements of their skulls proved here to be a method of exceptio-
nal advantage since it simultaneously indicates the similarities and
differences between them.

Simultaneous use of the three ways of illustrating differences in corre-
lation structures of hedgehog skulls in diagram form made exact compa-
rative analysis possible. The starting point was the correlation matrix,
which when arranged on a Czekanowski diagram (1913) became
a basis for the other two methods—Terentjev's (1943 and 1960)
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and Vyhandu' s (1964), introducing new and reciprocally supplemen-
ting details. These methods are distinguished by simplicity and by sensi-
tivity and considerable suggestiveness in emphasising differences and
similarities in the correlation structures of the skull. The degree of
reciprocal correlation of skull measurements proved to be higher in the
»western« hedgehog (Fig. 2 and 3). This was confirmed by a certain
number of statistically significant differences resulting from comparison
of corresponding pairs of correlation coefficients (Table 2). The majority
of these differences applied to the neurocranium, i.e., degree of correla-
tion of the skull’'s height and breadth with its other dimensions.

Terentjev's (1943), method of correlation pleiads, provides a full
description of the skull of a given species by selective limitation of the
number of its measurements which can form a basis for taxonomy.
Rossolimo (1962) found taxonomically important characters of Cle-
thrionomys glareolus (Schreber, 1780) are zygomatic breadth, interor-
bital breadth and braincase breadth. Depending on the nature of the
objects examined with this method, their differences are also emphasised.
The example of its application to correlation structures for the skull
of Lepus europaeus Pallas, 1778 shows that they are subject to age
dependent differentiation. The greatest interdependence of skull measu-
rements occurred in young hares, and decrease significantly in adults.
Thus correlation structures considerably differed qualitively, reflecting
phases in formation of the hare’s skull during postnatal development
(Cabon-Raczynska, 1964). The differentiating influence of age
classes on the correlation structures of the skull in C. glareolus has also
been shown by Gerasimov (1969). Kanep (1967), on the other
hand, by comparing correlation structures of the skull measurements of
six species of voles of the genus Microtus, found that there were consi-
derable differences between them. In Erinaceus it was possible to define
the degrees of differentiation in correlation structures of the skull in the
two species and to show that they are qualitatively different. This is
show by the presence or absence of given pleiads, in their differing scope
and order in which characters fall out from the pleiad when the level
of interdependence of characters is increased, and also in the different
character of curves for correlation connections (Fig. 3 and 4).

Differences between the two species of hedgehog were analogically
revealed in the diagram of results using Vyhandu's method (1964),
pointing to the existence of indicator-characters which, in hedgehogs,
are condylobasal length and zygomatic breadth. These characters exhibit
a different degree of connection with the other skull measurements for
the two forms, expressing their structural differences (Fig. 5).

The reciprocal degree of differentiation in skull measurements corre-
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lation structures for the two forms of hedgehog examined would thus
appear to be one more argument confirming the correctness of
Herter' s hypothesis (1938 and 1952), according to which hedgehogs
of the genus Erinaceus occurring in Europe belong to two species.

Estimation of the degree of variation in hedgehog skull material from
different populations allows several general observations. The »western«
hedgehog is statistically more differentiated in the skull dimensions than
the »eastern« form (Fig. 6, Table 3). In addition hedgehogs from moun-
tainous and hilly regions had maximum skull measurements, in »western«
(Swiss population) and »eastern« hedgehog species (populations from the
Caucasus and Crimea). Lowland population skull measurements were
usually similar to each other (Fig. 6). It would appear that the variations
found in hedgehog skull measurements are chiefly due to the fact that the
material originated from differing localities often at great distances from
each other and thus might reflect differences between populations expres-
sed in the appropriate skull forms.

Irrespective of the above, certain differences in the dimensions of
hedgehog skulls from Switzerland, the Caucasus and Great Britain may
also point to the effect of geographical isolation. Mountain ranges and
islands can present sufficient isolating barriers to the hedgehog to bring
about formation of population of a decidedly local character. It is likely
that this is the explanation of the form occurring in the Caucasus being
given the rank of a subspecies, Erinaceus europaeus transcaucasicus Sa-
tunin, 1905. Although hedgehogs from the Caucasus are distinguished
by a broad rostrum, similar to some extent to that of E. europaeus, they
most certainly belong to the species E. roumanicus which is indicated, in
addition to other morphological characters of the skull, by their maxillary
index (Table 3). The absence of a land bridge connecting the British
Isles with the Continent may have similarly contributed to the formation
of a local population of hedgehogs there, the systematic appurtenance
of which has been connected with the form Erinaceus europaeus occiden-
talis Barrett-Hamilton, 1900. In the light of results of the ana-
lysis of variance made in the population of the two species of hedgehcg
it is possible to confirm the different character of the British population
of the western hedgehog and the Caucasus eastern type of hedgehog,
postulated earlier by Wettstein (1942) and Herter (1952).

On the other hand Italian and Russian hedgehogs proved to be most
similar in respect of dimensions. Among the six populations of the western
hedgehog examined, these two corresponded to the forms italicus and
centralrossicus proposed by Wettstein (1942) and Herter (1952).

The finding of significant differentiation in skull measurements between
different hedgehog populations does not always form a criterion provi-
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ding the existence of separate forms in the subspecific sense. Most often
these differences apply to skull dimensions, less often to the proportions
between their dimensions, as was the case only with the maxillary index
in British hedgehogs. In both the first and the second species it is possible
to distinguish populations with small, medium and large skull dimensions
(Fig. 7). It is difficult to discern any distinct trends in the differences
found, apart from those clearly differentiating populations from montane
and insular areas, which have been subject to the influence of geographic
isolation and the ecological factors proper to these regions in a lesser or
greater degree. Thus the differences found in various populations of the
two species of hedgehog are without doubt primarily interpopulation
differentiation.
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ANDRZEJ L. RUPRECHT

STRUKTURA KORELACYJNA WYMIAROW CZASZKI PRZEDSTAWICIELI
RODZAJU ERINACEUS LINNAEUS, 1758

Streszczenie

Zbadano zmienno§¢ i wzajemne zalezno$ci miedzy 12 wymiarami linearnymi
czaszki dwoch gatunkéw jezy z rodzaju Erinaceus, pochodzgcymi z obszaru Europy
polnocnej, poludniowej, zachodniej, Srodkowej i wschodniej. Na czesci materiatu
dodatkowo mierzono kat rostralny (Ryc. 1) i obliczono wskaznik maxillarny. Ogélem
dysponowano 133 czaszkami dorostych i starych okazow E. roumanicus i 74 — E. euro-
paeus. Samce i samice traktowano lgacznie z uwagi na brak statystycznie istotnych
réznic miedzy nimi w badanych wymiarach czaszki (Tabela 1).

W oparciu o 12 cech pomiarowych czaszki obu gatunkéw obliczono macierze ko-
relacji, ktore uporzadkowano i zestawiono na diagramach Czekanowskiego (Ryc. 2).
Dokonano wzajemnych poréwnan miedzy odpowiadajgcymi sobie parami wspo6l-
czynnikéw korelacji wymiaréw czaszki obu form, stwierdzajac istnienie szeregu sta-
tystycznie istotnych réznic miedzy nimi (Tabela 2). Diagramy postuzyly do wykresle-
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nia krzywych rozkladu frekwencji wspolczynnikéw korelacji wymiaréw czaszki
(Ryc. 3).

Diagramy wykorzystano nastepnie do graficznego zilustrowania podobiefistw i zr6z-
nicowan miedzy strukturami korelacyjnymi czaszki obu form. Réznice miedzyga-
tunkowe, uwypuklone przy pomocy metody Terentjeva przejawialy sie w obecno$ci
lub braku okreflonych plejad, w réinej ich objetosci oraz kolejnosci wypadania cech
z plejady przy podwyzszaniu poziomu ich wspblzalezno$ci (Ryc. 4). Wyniki oparte
o metode Vyhandu, wskazuja, ze zar6wno dilugos§é kondylobazalna czaszki jak i sze-
roko§é jarzmowa sa dla obu jezy cechami-indykatorami, powigzanymi z pozostalymi
wymiarami czaszki w rézny sposéb u obu form (Ryc. 5).

Wyniki porébwnan miedzy populacjami w obrebie kazdego gatunku (Tabela 3),
wskazuja, ze najwiekszymi rozmiarami czaszki odznaczaly sie zaréwno u jeza za-
chodniego jak i wschodniego, zwierzeta pochodzace z populacji bytujacych w rejo-
nach gérskich i podgérskich w odréznieniu od populacji nizinnych (Ryc. 6). Kat
rostralny czaszki wykazywal rowniez zmienno$é, zalezng od miejsca pochodzenia
materialu (Rys. 7). Stwierdzone réznice miedzypopulacyjne w wymiarach czaszki obu
gatunkéw jezy, autor tlumaczy réznicami ekologicznymi §rodowisk, zamieszkiwanych
przez te ssaki.



