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 (d=x1–x2),
 ( ). : CD = d/ .

 1 

 CD = (x1–x2)2/( 1
2+ 2

2) , 1959 [61] 
 CD = (x1–xst)/ st , 1960 [83] 

 CD = (x1–x2)/( 1+ 2) ., 1971 [65]  
 CD = e–b,  b = d2/4 2 ., 1989 [5]  
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 ( . 1). , “ ”
 [61] – :

CD = (x1–x2)2 / ( 1
2+ 2

2).  [83] 1 -
 ( ) -

: CD = (x1–xst)/ st.  [64, 65] (“ -
”) – : CD = (x1–x2) / ( 1+ 2).

 [5]  “ ”:
 = e–b, b = d2/4 2, d –  (x1–x2),  – “

” ( w), , -
 ( ); d = w, d/  = 1. 

. -
, : CD = (x1–x2)/  [26, 28]. CD -

,  6  (CD=6), ,
min–max  “x±3 ” ( . 2). 

( ), , - 2: -
 [ = (( 1

2+ 2
2)/2)]  [  = ( 1+ 2)/2)]. 

CD ,
 [58]  “DIF” [3]. 

. 1. 
:
-

 ( ,
P4M3)

-

:
(Spermophilus odessanus) -

 (S. pygmaeus). -
-

CD=1,89.

0

3

6

9

12

7,8 8,4 9,0 9,6 10,2 10,8

odessanus 
9.17±0.43

pygmaeus 
9.94±0.33

. 2. -

:
CD=3 ( ) CD=6 ( ). CD=3

 ( ), CD=6 -
 ( ). -

 x1=min2, max1=x2; -
 – 

: max1=min2.

0,0

0,1

0,2
cd=3

p

0,0

0,1

0,2

cd=6

x2x1
p

                                                                         
1 .  [83]  ( ., [21]) -

,  “ ” CD.
2 ’ ’ -

.  [80]. 
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. ,
1-2 . -

, -
( ).  0,1 ;

. ,
, , .

’ , ,
. -
 ( ),  ( -

, , ). ’ -
 “CD5”,

’ CD ( ).
. - -

,
.  20 - , -

,  –  [31]. -
 ( ) - ,

,
 [31]. -

 ( , , , , )
 ( , , ).  

, ,
. 2. . -

 12 ,  – 
( , ),  –  ( ),  –  ( ,

, , , ),  –  ( -
)  ( ).

 2
,  ( : [31], .)  

,

 ( )
Soriciformes Sorex minutus + dahli Sorex araneus + isodon 
Erinaceiformes Erinaceus europaeus + concolor – 
Vespertilioniformes  Plecotus auritus + austriacus  

Myotis myotis + blythii 
Myotis mystacinus + brandtii  
Pipistrellus pipistrellus + pygmaeus 

(Sciuridae) Spermophilus suslicus + pygmaeus  Spermophilus suslicus + odessanus 
(Muridae,
Sminthidae) 

Mus musculus + spicilegus
Sylvaemus tauricus + sylvaticus 
Sylvaemus sylvaticus + uralensis 

Sicista betulina + strandi  
Sicista subtilis + severtzovi  
Sylvaemus uralensis + arianus 

M
ur

ifo
rm

es

(Arvicolidae) Arvicola amphibius + scherman  
Terricola subterraneus + tatricus  
Microtus arvalis + levis 
Microtus arvalis + obscurus 

–

Caniformes Mustela lutreola + vison – 
Cerviformes Capreolus pygargus + capreolus – 
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, , ,
, : Myotis aurascens (M. mystacinus s. l.), M. nathalinae 

(M. daubentonii s. l.), Rhinolophus minimus (R. hipposideros s. l.), Terricola dacius (T. sub-
terraneus s. l.), Mus hortulanus (M. musculus s. l.), Mus sergii (M. spicilegus s. l.). -

, -
, : Spermophilus odessanus (S. suslicus

s. l.), Sicista strandi (S. betulina s. l.), Sicista severtzovi (S. subtilis s. l.), Microtus obscurus 
(M. arvalis s. l.) .

1. Sorex “minutus” (Soricidae). -
 – S. minutus S. dahli,  (

, S. pusillus) -
S. minutus (s. l.) [2, 29]. ’  11 

, -
,  [29]. 

’  ( . 3) -
 (CD5=2,5–3,8). 

2. Erinaceus “europaeus” (Erinaceidae).  [54, 
74, 101].  (18 ) .  [94, 95], 

CD -
 [49]. , -

 ( . 4) 
(CD=1,8–3,0), -

 (CD=1,0–1,9).  ( -
, , -

),  [49]. 
3. Plecotus “auritus” (Vespertilionidae).  – P. au-

ritus (s. str.) P. austriacus,  [34, 
78, 105]. 

:
CD>3 [105].  23 

 3
’ Sorex minutus (s. str.) S. dahli

 (  [29]) 

minutus dahli CD
BMax  (

)
3,74±0,12 4,11±0,07 3,77 

LMan  ( ) 9,00±0,15 9,54±0,14 3,72 
LMax  6,36±0,13 6,88±0,16 3,57 
CBL  15,30±0,29 16,02±0,22 2,80 
BMan  « » 3,46±0,11 3,78±0,14 2,54 

 (  11 CD=2,31) n=23 n=13 3,28 
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 ( ) , -
 ( , , ), ’
CD5=3,0–4,2 ( . 5). P. austriacus P. auritus  5,0 %.  

4. Myotis “myotis” (Vespertilionidae).
 – M. myotis (s. str.) M. blythii,

,  [33, 77]. -
, -

 [84, 90, 91].  22 
, .

[15], .
,

M. myotis (  2 ). ’ -
: CD5=3,7–4,0 ( . 6). 

 4
, Erinaceus europaeus

E. concolor,  (  [94, 95]) 

europaeus concolor CD 
NasBmim  1,93±0,48 2,81±0,45 1,89 
NasBmax  3,05±0,43 3,71±0,54 1,35 
BCra  ( ) 19,84±1,29 18,52±0,90 –1,19 
NasL  18,56±1,37 17,04±1,22 –1,17 
BCrmast  28,22±1,72 26,82±1,14 –0,96 

 (  18 CD=1,16) n=102 n=146 1,31
:    

M-N-F  maxillo-naso-frontale 9,59±1,35 13,51±1,24 3,02 
Min-Fro ’ 3,17±1,02 6,62±1,63 2,54 

M-Pre  maxillo-pr emaxillare 13,22±1,15 11,44±0,73 –1,85 
Rost  49,08±2,22 45,40±1,99 –1,75 
 5  ( . )   2,21 

 5
’ ’ Plecotus auritus

P. austriacus  ( : [105], .)

auritus austriacus CD
CM3  5,32±0,12 5,99±0,20 4,06 
Bul   4,10±0,18 4,78±0,17 3,88 
IM3-L   6,73±0,17 7,29±0,16 3,39 
CBL * 15,12±0,34 16,21±0,34 3,21 
CCL  ( ) 14,55±0,40 15,61±0,30 3,00 

 (  23 CD=1,99) n=27 n=18 3,51 

*  CBL+ ( ), , CD=3,45.
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5. Spermophilus “suslicus” (Sciuridae). -
. -

S. citellus ( ),  – 34/36-
S. “suslicus”;  36- S. odessanus 
S. pygmaeus [52]. 

 “ ” ( ) [39].  16 ,
.  ( ,

odessanus–pygmaeus) -
S. odessanus ( . 7).

6. Mus “musculus” (Muridae). -
 ( , ) – M. musculus M. spicilegus, -

 [30, 75].  19 
,  15  [40], -

 (CD<1,5),  – Zyg’ [40, 68] – -
CD=6. ’  ( . 8) 

CD5=1,08 (0,7–1,4),  Zyg’ (
) – CD5=2,13 (0,9–6,0). M. spicilegus M. mus-

culus,  15  6,2 %.  
7. Sylvaemus “sylvaticus” (Muridae). , -

,  [27, 37], ’
 [57, 60, 67]. -

 4- , -
: S. sylvaticus S. uralensis [28, 67, 104]. 

, S. uralensis

 6
’ Myotis myotis (s. str.) M. blythii

 (  [15]) 

blythii myotis CD
CBL  20,50±0,49 22,70±0,61 3,98 
GLS  21,60±0,53 23,90±0,67 3,81 
LZYG  9,50±0,32 10,70±0,31 3,81 
HCP  5,30±0,19 6,20±0,28 3,76 
LMDB  16,50±0,44 18,40±0,58 3,69 

 (  22 CD=1,98) n=36 n=36 3,81 

 7
’

, Spermophilus odessanus S. pygmaeus  ( .)

odessanus pygmaeus CD
P4M3  9,21±0,40 9,93±0,34 1,94 
MaT  8,36±0,34 8,92±0,43 1,44 
BCB   20,42±0,69 21,30±0,59 1,37 
Zyg  ( ) 26,90±0,91 28,13±0,96 1,32 
M33 3 11,79±0,41 12,32±0,52 1,13 

 (  16 CD=0,64) n=81 n=21 1,45 
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S. tauricus [45, 48]. 
, .

S. sylvaticus S. uralensis,
Sylvaemus [28, 51 .] ( . 9–10). 

S. sylvaticus S. tauricus, -
,

( . [45]). S. sylvaticus – S. uralensis CD5
 3  ( . . 10). , S. sylvaticus S. tauricus,

 [20, 21, 59], -
: CD5=4,1 (3,4–4,8) ( . . 9). 

 8
’ ’ Mus musculus  

M. spicilegus  (  [40]) 

musculus spicilegus CD
Zyg’  ( . ) 1,10±0,09 0,60±0,08 5,99 
LFI  5,07±0,32 4,61±0,32 1,40 
BOc  5,30±0,12 5,09±0,18 1,39 
LNa  7,73±0,34 7,36±0,40 1,00 
CBL  19,67±0,85 18,96±0,78 0,86 
Dia  ( ) 5,20±0,33 5,00±0,34 0,60 

 5  (  Zyg’) n=27 n=34 1,08 

 9
’ ’ Sylvaemus tauricus

S. sylvaticus  (  [51], .)

tauricus sylvaticus CD
BL    26,08±0,81 22,80±0,54 4,76 

M13  4,27±0,11 3,75±0,11 4,73 
LBu  5,54±0,19 4,83±0,14 4,25 
LNA  10,76±0,52 9,23±0,33 3,51 
B B  ( ) 11,91±0,41 10,80±0,21 3,41 

 (  14 CD=3,09) n=103 n=94 4,13 

 10
’ ’ Sylvaemus sylvaticus

S. uralensis  ( .)

sylvaticus uralensis CD
M13   3,75±0,11 3,38±0,10 3,52 
LFI  5,34±0,27 4,57±0,26 2,91 
M11  5,28±0,13 4,93±0,14 2,59 
B B  ( ) 10,80±0,21 10,22±0,27 2,40 
BFI   1,77±0,12 1,51±0,11 2,26 

 (  14 CD=1,91) n=94 n=92 2,73 



...  29

8. Arvicola “amphibius” (Arvicolidae). 
, : A. amphibius (s. str.) A. scherman. A. am-

phibius  [50, 56, 106]. 
 [36, 50], 

.  17 -
’ , CD

. : -
 – CD=2,74 (1,0...5,6), ’

 – CD5=3,91 (3,1...5,6) ( . 11). 
9. Terricola “subterraneus” (Arvicolidae).  – 

 [23, 97], 
 1998 . [22].  [46]. 

, -
T. tatricus T. subterraneus [26]. -

 14 ,  9  (
 19, CD , CD

2) [46]. ’ -
 ( . 12), CD5  4,51 (3,8–6,2). 

10. Microtus “arvalis” (Arvicolidae) – , -
 [63],  3 : 54- M. levis
-  46-  – M. obscurus 

M. arvalis [24, 26]. .
arvalis–levis  [26, 62, 

96, 98 .],  

 11
’ Arvicola amphibius A. scherman

 (  [36], .)

scherman amphibius CD
BBu  6,45±0,15 7,47±0,21 5,62 
BOc  7,53±0,12 8,36±0,25 4,35 
CbL  33,89±1,72 39,49±1,54 3,43 
HCr  ( ) 11,65±0,33 12,97±0,51 3,09 
LBu  ( ) 8,96±0,36 10,03±0,34 3,08 

  (  17 CD=2,74) n=8 n=21 3,91 

 12
’

-  (  [46])  

subterraneus tatricus CD
HCra  7,49±0,16 8,69±0,22 6,15 
CbL  ( ) 21,93±0,53 24,57±0,64 4,48 
BCra  10,77±0,24 11,83±0,28 4,06 
HRos  12,96±0,41 6,28±0,26 4,02 
M1-3  5,49±0,17 6,10±0,15 3,83 

 n=31 n=33 4,51 



.30

.
(CDmax=2,4),  19 CD>1 1

levis–arvalis,  – arvalis–obscurus,  – levis–obscurus ( . 13). -
, ’  (  19!) 

: ,
.

11. Mustela “lutreola” (Mustelidae). -
 – M. lutreola  ( )

M. vison [0, 69]. -
 [18, 21, 81]. 

, .  [21: c. 94],  30 -
.

 [21], 
. ’ -

CD5=4,57 ( . 14).
12. Capreolus “capreolus” (Cervidae). 

, : C. pygargus (s. str.)  C. capreolus [16, 17]. -

 [76].  22 , -
 ( ). 

 13
-

, Microtus ex gr. “arvalis” (  [26])  

levis obscurus arvalis le-ob ob-ar le-ar 
CBL  25,03±0,86 24,95±0,88 24,53±0,80 0,09 0,50 0,60 
Zyg  14,18±0,75 14,40±0,71 13,49±0,50 –0,30 1,48 1,08 
Boc  5,59±0,16 5,58±0,24 5,30±0,18 (0,05) 1,32 1,70 
Dia  7,54±0,26 7,70±0,38 7,83±0,31 –0,49 (-0,37) –1,01 
LFI  4,43±0,20 4,73±0,28 4,94±0,23 –1,23 –0,82 –2,37 
BFI  1,30±0,10 1,11±0,09 1,27±0,10 2,00 –1,68 (0,30) 
CD5 ( ) n=34 n=42 n=28 0,01 0,16 0,00 
CD5 ( .)    0,82 1,16 1,35 

 14
’

Mustela ex gr. “lutreola – vison”  (  [21])  

lutreola vison CD
 29  PM1 2,20±0,09 3,20±0,17 7,35 
 9   18,60±0,59 21,70±0,72 4,71 
 11  17,80±0,62 20,40±0,69 3,96 
 25  5,40±0,20 6,30±0,31 3,45 
 6  26,30±0,94 29,70±1,06 3,39 

 n=16 n=34 4,57 

                                                                         
1  1991 . [26]  “ ” =  ( 1+ 2).
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 ( , -
 [41]) ( . 15). , -

 " " - .  – 
,  30 %  (7  22) 

CD>2,0; CD5 = 3,60. 

’ :
1) , 2) 

; 3) .
1.

. -
, ,  “ ”  “ ”.

, ,
CD>6, -

CD = 1–3 .
, , .

:  (Terricola subterra-
neus – tatricus) ,  –  (Sylvaemus syl-
vaticus – tauricus). , ,

 ( ), 
. ,

-  “multiplex” [22, 46]. 
Sylvaemus, -
 (  “tauricus”) [45]. , ,

, , , , ’
, , ,

“ ” ,
 [11, 13].

. , -
. ,

 – ,
, , , -

, .

 15
’ ,

Capreolus  (  [41])  

capreolus pygargus CD
NasL  60,40±3,16 74,46±2,06 5,27 
MLcon * 162,55±3,46 177,94±5,32 3,43 
MHcon  60,53±2,52 69,21±2,85 3,23 
LRost  139,39±2,17 155,66±7,53 2,94 
CBL  194,30±3,59 217,17±10,94 2,81 

 (  22 ) n=25 n=12 3,60 

*  MLbas ( , ) CD=3,11. 
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.  [87, 88], .
: ,  – ,

. , , ,
 [35, 48]. , -

,  (30% CD>2),
 ( ) , -

 (CD=3,9  1,2–1,5) . . , , :
, , . , ,

.
. . 16. , -

 “ ” .
’

CD5=1,1–4,6. CD=6 -
: CDmax=7,5 -

HCra, CDmax=6,0 Zyg’, CDmax=5,3 – 
LNas, CDmax=5,6 – BBul. CD5 = 1–5 .

, : CD5=0–2, CD5=2–4, 
CD5=4–6  ( . 3). -

, ,
. ,  (CD5=1...2) 

’  ( ), -
. .

 16
’

, CD5.

CD5

 3    
Mustela lutreola – vison 30 4,57 (3,4–7,4) 
Terricola tatricus – subterraneus 09 4,51 (3,8–6,2) 
Sylvaemus tauricus – sylvaticus  14 4,13 (3,4–4,8) 

 2    
Arvicola amphibius – scherman 17 3,91 (3,1–5,6) 
Myotis myotis – blythii 22 3,81 (3,7–4,0) 
Capreolus pygargus – capreolus 22 3,60 (2,8–5,3) 
Plecotus austriacus – auritus 23 3,51 (3,0–4,1) 
Sorex minutus – dahli 11 3,28 (2,5–3,8) 
Sylvaemus uralensis – sylvaticus 14 2,73 (2,3–3,5) 

 1    
Spermophilus odessanus – pygmaeus 16 1,45 (1,1–2,0) 
Microtus arvalis – levis 19 1,35 (0,6–2,4)
Erinaceus europaeus – concolor* 18 1,31 (1,0–1,9) 
Microtus arvalis – obscurus 19 1,16 (0,5–1,7) 
Mus musculus – spicilegus** 15 1,08 (0,6–1,4) 

* ’ CD5=2,21 (1,8–3,0).  
** CD5 Zyg’
(CD=6,0), CD5=2,13 (0,9–6,0). 
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 –  – ,
, , , . , Capreo-

lus pygargus bedfordi; Terricola tatricus,
T. subterraneus, ”multiplex”; T. subterraneus dacius;

Arvicola amphibius A. sapidus, Sylvaemus sylvati-
cus – S. alpicola, . “ ”  ( . 16) -

, .  – 
“ ”, . , -

, .

, . -
 ( ) -

 [85]. . 16 . ,
, ,

, , -
 ( ) , , , , ,

, .
 ( , ,  [70, 

99, 100, 101]). 

:  (CD5=0–2),  (CD5=2–4)  (CD5=4–6).

 [8]: 
(“ ”),  –  (“ ”).

, ,  (
 “ ” ). -

, -
1.

 ( , , ). 

0

1

2

3

4

0,0 1,0 2,0 3,0 4,0 5,0

 (CD5)

. 3. CD5  14 :  1 – -
 (CD ~1–2);  2 –  (CD ~3–4),  3 – -

 (CD ~4–5).  

                                                                         
1  ( ) . [43]. 



.34

2.
.

 [73], . , -
 ( ,

).  
 ( ) ’

,  « » -
,  « » – « » -

, .
-

. -
CD>6 -

,
. ( ,

, ). 
CD=6 -

 ( . 17). , -
CD5<4 CD 6.

y = 1,121e0,386x

0

2

4

6

8

10

0 2 4 6
, CD5

C
D

m
ax

. 4. -
-

: -
 5 -

 (CD5) -
CD

 (CDmax).
. 16.  

, CDmax=6 ( )
CD5>4 ( . 4), 

-
.

, -
-

 [22, 25, 35–37, 48].  
,

,

, -
.

, -
. ,

, -
, , -

.

 17
:

, CD,
CD

 > 6 
 4–6 

 2–4 
-  0–2 
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,
,

. , -
 ( , , -

) - -
. -

 [42]  [43]. 
. CD? ,

, , ,
,  ( )

“±3 ”. , , , -
, , ,

. .
 “ ”. , CD, -

CD  ( ),
 ( ).

, ,  ( -
), :

 ( )  ( )
, ;

 (“ -
”), ,

 [42],  (
 [44]). 

 “ ”.  [5] :
, .  – -

 [10]. : -
, .

 ( ) -
 (d>> ). -

, , , -
 [47]. 

 ( . 5). ,
, , -

- .

. 5.  (CD= X/ ):  (“ -
”),  (“ ”).
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3.
?

, -
,  ( . « -

» [86]: . 63). ,  « »
,  – 

.
, CD=3–5 ( min–max -

, -
 “±3 ”).

,
, ,  (

)  [19]. , ,
, ,

 3–5 . -
– –

.
? , , . -

 ( -
) -

 [42]. , -
Microtus “arvalis” Mus “musculus”.

[24, 37], 1

. -
,

 [14, 66]. 
 [44, 47]. 

. , ,
,  – -

 – . ,  “ ” -
 [21]. -

,  “ ”  “ ”, ,
 (  “Myotis mystacinus”) [92]. 

 “ ”
 “ ”, , . -

 [21] 
 [41].  

, , -
,

, ,  ( CD=5–7), CD=1–3 
.  “ ”  “ ”
, -

’  ( ) , -
.

                                                                         
1 .
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,  ( . . 16) -
.

:
, . -

 « » [38]. 
,  20  ( -

, ) ,  ( , “ ”
),

,
. “ ”  ( . . 16) 

“ ”  “ ” ,  “ -
” , .

 “ ” : -
, , , – . -

.
, -

-
.

. . , . , . , . ,
. , . . -
, . , . , . , . , . .

.
. , . , . , . . . -

’ . .
, . . .

_________________ 
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LEVELS OF MORPHOLOGICAL DIFFERENTIATION  
IN CLOSED SPECIES OF MAMMALS AND THE CONCEPT OF HIATUS  

I. Zagorodniuk 
Schmalhausen Institute for Zoology, National Academy of Sciences of Ukraine  

Bohdan Khmelnitsky str., 15, 01601, Kyiv, Ukraine  
e-mail: zoozag@ukr.net. 

Morphological variability in sibling and morphologically closed species of mammals, pre-
sented in fauna of the East Europe is analysed, from the point of view of search of differences 
in leading craniometrical features. In total 12 polyspecies complexes, including mice, voles, 
bats, shrews, hedgehogs, susliks, trochee, roes, are considered. For all pairs of species, the in-
dex of differences to 5 leading features is estimated. It is shown, that the group of close spe-
cies forms a wide spectrum of levels of similarity and can be divided into three subgroups, 
similarity in which can compare with the age of their evolutionary differentiation. The concept 
of hiatus as quantitative estimation of a level of differences between close species is discussed. 

Key words: sibling species, mammals, craniometry, hiatus, evolution. 
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