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. -
— -

, . -
, ,

, ,
 Eutheria (Moore, 1981; , , 1992; Novacek, 1993). 

, ' -
, ,

' '
 (Novacek, 1977; MacPhee, 1979; Presley, 1993a; Wible, 2010). 

 Canidae (= -
 Cynoidea) -

 — ,  (Hunt, 
1974a, 1987; Flynn et al., 1988; Hunt, Tedford, 1993; Wang, Tedford, 1994; Wang et al., 
2008). ,
Carnivora (Arctoidea  Aeluroidea), . -

, -
, ,  XIX – -

 XX ., . -
 Carnivora -

,
,

.
,

,  Canidae (Wang, 1994; 
Tedford et al., 1995, 2009; Wayne et al., 1997, Wang et al., 1999, 2004; 2008; Lindblad-
Toh et al., 2005; Lyras, 2009; Perini et al., 2010; Prevosti, 2010), '

' . -
, , , -

. , -
-

 (Caninae)  Hespero-
cyoninae —  (Wang, Tedford, 1994). 

’ , , . -
' ,

. . . ,
 " -

" (  0100U000206), " , -
 — 

" (  0105U003266)  " -

" (  0110U001346). 
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.  — -
 Carnivora ' -

 Canidae. 
:

1) ' ,
 Aeluroidea  Arctoidea. 

2) , -
, ' ,

 Carnivora. 
3) ' -

, .
4) -

' .
'  —  (bulla auditiva) -
 (Mammalia: Carnivora: Caniformia: Cynoidea: Canidae). 

 — -
, ' '  Canidae 

 Carnivora .
. -

. -
.

: , -
. -

, ,
 Carnivora. 

. -
 " " -

. ,  Cynoidea 
. -

-
. ,  Carnivora 

,
, -

, ' -
. -

 28 .
 Caninae -

.
Chrysocyon+Speothos,

.
 Caninae ( Leptocyon gregorii)  Canini 

(  "Eucyon" odessanus). -
Cuon alpinus hesperius. -

Vulpes Pseudalopex, -
Nyctereutes  Canini,  Vulpini. 
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Canini.
. -

Carnivora . -
 " " , ' -

 Caniformia -
.

-
, ,

. , -
, . -

, -
,

 Caniformia. -
, ,

 (" "  Aeluroidea  " "  Arctoi-
dea), ' .

, , -
 Cynoidea. -

 ( , , -
) -

 Caninae. 

 ( )
 Canini. -

 Cerdocyonina  Canina. 
 Canini ,

.
. -

:
1)  Carnivora ( , 2004; Gaubert 

et al., 2005; Flynn, Wesley-Hunt, 2005; Wesley-Hunt, Flynn, 2005; Wesley-Hunt, Werde-
lin, 2005; Owen, 2006; Sotnikova, 2006; Spassov, Rook, 2006; , 2007; Pre-
vosti, Rincón, 2007; , 2008; De Bonis et al., 2009; Sotnikova, 2008; Lyras, 
2009; Prevosti et al., 2009; Slater et al., 2009; Prevosti, 2010; Sotnikova, Rook, 2010); 

2)  " :
" ( , , 2001); 

3)  "Mammalogy: Adaptation, Diversity, Ecology" 
(Feldhamer et al., 2007). 

. .
.

 " " ( -
, , 21–22  1996 .),

 ( , ,  1996 .),
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-
 ( , 18  2000 .),

" " ( , , 17–21 
2001 .),  10-  (

. . . , , 24  2002 .).

-  (  24  10 
2010 .).

. ' -
'  4,8 . . .:
-  0,987, 1,159  2,844 .

’ .  239 ,  148 
— ,  " ", " ",  "

" ( ),  ( '
),  " " ( )  " ".

 347 ,  41 — ,
306 — . , 68  (22  81 -

,  39 — ) .
. . .

. . , ; . . -
, . . , . , . , . . , . . -
, . . , . . , . . , .

— ;
. , . , . , . . , . . -

 — .
. . . .

, . , . . . -
 ( -

) . ,
. , -

; . , .
.

 1. 
 Carnivora 

 XIX  (Hagenbach, 1835; Hyrtl, 1845) -
 (Turner, 1848; Flower, 

1869; Winge, 1895). , . -
 (Flower, 1869), -

, -
:  (Aeluroidea), 

—  (Cynoidea),  (Arc-
toidea).  Carnivora ,
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-
.

, , -
, -

,
(Wi cza, 1896, 1898; Van Kampen, 1905; Wegner, 1942; Starck, 1964; Hunt, 1974a, 
1987, 1989; Flynn et al., 1988; Hunt, Tedford, 1993). , -

 Caniformia (Cynoidea+Arctoidea), -
-

 (Van Kampen, 1905; Pocock, 1916, 1929; Holz, 1931; Hough, 1953; 
Hunt, 1974a, 1987; Wang, Tedford, 1994). 

.  (1974a), 
 Canidae -

,  " "
. ,

,
 (Segall, 1943; Hough, 1948; Clark, Guensburg, 1972; Prevosti, 2010), 

 (Wang, 1994; Wang, Tedford, 1994). ' -
 " " -

 Cynoidea (Wang et al., 2008; Tedford et al., 2009). 
 Arctoidea, -

 (Pocock, 1921, 1929; Segall, 1943; , 1967; , 1973). 
-

, ,
 (Hunt, 1987),  (Wible, 

2010)
.

 2. 
, , -

, ,  17 
.

 30  36  (  Caninae sensu
Tedford et al., 2009),  15  16 .

 "Eucyon" odessanus Leptocyon gregorii — ,
 Canini  Caninae .

 2512,  684 
 314  20 

( . 1). 
-

 ( ),
( - ),

. . .  ( ), -
 (Säugetiersammlung, Naturhistorisches Museum Wien) 

 (Institut für Zoologie, Universität Wien). 
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 20 , , . -
.

 1 

Alopex lagopus 15 71 13 17 
Fennecus zerda 2 10 3 5 
Otocyon megalotis 3 2 – 4 
Urocyon cinereoargenteus – 13 – 6 
Vulpes bengalensis – 2 – – 
Vulpes chama – 1 – 1 
Vulpes corsac 3 35 2 10 
Vulpes ferrilata 2 1 1 – 
Vulpes pallida 1 6 – 5 
Vulpes rueppelli – 6 – 3 
Vulpes velox – 1 – 1 

V
ul

pi
ni

Vulpes vulpes 54 676 38 204 
Cerdocyon thous – 6 1 2 
Chrysocyon brachyurus 3 6 1 3 
Lycalopex vetulus – 1 1 1 
Nyctereutes procyonoides 5 287 2 20 
Nyctereutes viverrinus – 10 – – 
Pseudalopex culpaeus – 2 1 2 
Pseudalopex griseus – 5 – 1 
Pseudalopex gymnocercus – 3 – 1 
Pseudalopex sechurae – – – 1 

C
er

do
cy

on
in

a

Speothos venaticus – – – 2 
Canis aureus 14 98 11 38 
Canis latrans 1 10 2 5 
Canis lupus 32 60 26 51 
Canis lupus [ ] 42 265 9 141 
Canis mesomelas 6 13 2 8 
Canis pallipes 4 1 – 2 
Cuon alpinus 3 13 4 9 
†"Eucyon" odessanus – 2 – 14 
Lycaon pictus 2 10 1 4 

C
an

in
i

C
an

in
a

Schaeffia adusta 3 16 1 4 
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, -
 ( , , 1940; , 1962; Lombaard, 

1971; , 1973, , 1973, 1984; Linhart, 1968; , 1977, 1986). 
: 1) -

 (  10 ); 2) 
 (  10-  30- ); 3) -

(  1-  5–7- ). -

. ,
 ( ). -

, , -

. -
, .

,
.

: , -
,  Caninae 

Canini, . -
 " -

" .

 — , -
 — . -

 (Wake, 
1994).

 3. 

.
, -

 (os ectotympanicum, ET),
' .

, - .
.  (1964, 1967) , -

.  7–10 
.

 (  10-  30 )
, .

 —  (  " -
"),  (Hunt, 1974a),  — -

,  (  Arcto-
idea)  ( ) ( . 1): 
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. 1. ' -
. : -

 3–4- Canis lupus ( , -
). B: . PoS — 

 (crista intrabullaris postseptalis), PrS — 
 (crista intrabullaris preseptalis); . .

1)  (os entotympanicum rostralis, R) -
' ,

. , -
.

2)  (os entotympanicum caudalis primum,
E1)

.

.
3)  (os entotympanicum caudalis secundum,

E2) - ' , , -
 "caudales Entotympanicum" . - -  (1922). -

.
4)  (os entotympanicum ventralis, VE)

,
.

 " ",
,  (sinus

entotympanicus ventralis, VES).
,

 5–7- , -
, -

:  — , -
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 — ,  — 
. ,

( . 1 B, 2 I). ,
 — . -

 ( . 2 II-III). 
, -

, ,
 ( ) ( . 3–5). 

. 2. Canis lupus
. ,

 ( , -
). I:  4–5 ; II:  8–10 ; III: . TC — -

 (crista tympanica); . . 1. 

,  (Hough, 1953; Hunt, 1974a, 1987; 
Wang, Tedford, 1994), -

 " ", -
.

, :  (sep-
tum intrabullare ventrale anterius, AV)  (septum in-
trabullare ventrale posterius, PV) , -

 (septum intrabullare dorsale anterius, AD) — -
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,  (septum intrabullare dorsale posterius,
PD) —  ( . 2, 3, 5). 

. 3. ' -
Chrysocyon brachyurus,

-
. A:  (
) . -  (1905, Abb. 49); b.o. — -

, c.c. — . B:  c 
 AV  VE/ET. 

C: , -
. ,  AV  VE/ET , -

 B. D: -
.  AV  VE/ET . -

. .
 4. 

-

Caninae, .
 ( . 4): 

1a. .
 Caninae (†Leptocyon) .

 " " : Fennecus zerda, Vulpes
rueppelli  V. chama.

1b. . Otocyon 
megalotis  1a. 

2. ,
. -

 1a. ,
,  2a  2b: Vulpes

s. str.,  " " (V. vulpes V. pallida),  " " (Alopex lagopus,
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. 4.  Caninae (
, ). 1–5 — -

 ( . ). , -
.

V. corsac, V. ferrilata, V. velox, V. bengalensis) .
,

.
V. vulpes V. pallida , V. corsac, V. ferrilata, V. velox, V. bengalensis

— , A. lagopus , -
. Urocyon cinereoargenteus

" " -
, -

.
3. ,

.  Canini (†"Eucyon") -
 2a .  (Cer-

docyonina  Canina).  (
) , , ,

. , Lycalopex vetulus Pseudalopex spp.
, ; Pseudalopex sechu-

rae — Pseudalopex s. str. -
; Nyctereutes procyonoides -

-
.

4. ,
.  " -

".  3. -
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Cerdocyon thous ( . 5), Canis lupus, Canis pallipes, Cuon
alpinus Lycaon pictus; , , Schaeffia
adusta; , , Canis: C. aureus, C. me-
somelas C. latrans.

5. .
 4. -

Chrysocyon brachyurus  Speothos venaticus , , Cuon alpinus 
hesperius.

. 5. A: Cerdocyon thous PIUW 3561 ( ); -
. B: ,

 A, .
,  (AV+AD+PD+PV) 

,  — , -
 VES — . ,  VES (

),  VE ( . . 1 A  3 D), ,
' . -

 ( )  ( ). -
. .

 5. 

-
 Caninae  Hesperocy-

oninae.
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,
.

 Carnivora , -

(R+E2),  Aeluroidea. -
 Caniformia (  R+E2+E1,  Arctoidea) ,

,  (  R+E2+E1+VE), -
 Cynoidea ( . 6). -

 Carnivora (Flynn, Nedbal, 1998; Schreiber et al., 1998; Yu et al., 
2004; Flynn et al., 2005; Fulton, Strobeck, 2006; Sato et al., 2009; Agnarsson et al., 2010; 
Eizirik et al., 2010). 

. 6. '
Carnivora. A-C: . .  (1993, fig. 5-4); D-F: .
A, D: Felidae-Viverridae (Aeluroidea), B, E: Arctoidea, C, F: Canidae (Cynoidea). AL — 

, BO — , BS — -
, EO — , M — , SQ — 

, S — septum bullae; .  2. 
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 Carnivora -
-

 " " , -
. , -

, . , -
,  (  Aeluroidea  Cynoidea) 

(Arctoidea) ' .
 Caninae -

,
( )  (Tedford et al., 1995; Bininda-Emonds et 
al., 1999; Wayne et al., 1997; Zrzavý, i ánková, 2004; Bardeleben et al., 2005a, 2005b; 
Lindblad-Toh et al., 2005; Agnarsson et al., 2010; Perini et al., 2010) 

, , -
. , -

-
 Canini ( Nyctereutes), -

 — - Chrysocyon+Speo-
thos  Cerdocyonina. 

-
:
Vulp n .  Can nae (Leptocyon) ,

.
 Can n : 1) -

, -
; 2) -

; 3) -
: .

Can n .  Vulp n : 1) 
,

; 2) 
: -

. '
, ; -

, , .
 Can nae -

 — Hesperocyoninae, 
 Caninae ( . 7). -

, -
.
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. 7. 
 (Hesperocyoninae)  Cani-

nae. :  Hesperocyoninae .
.  (1994). : -

 Caninae ( ),  ( ),
:  ( )

( ). .

.
, ,

 Carnivora -
.

' ' -
 Canidae. 

1. , , '
.  ( -

 Mammalia), -
 (  Carnivora), -

 (  Caniformia),  Canidae -
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,
Cynoidea.

2.  Carnivora -
,  (" "), 

.
' -

.
3. , , -

. , -
, . , -

: - -
,  — , -

 — .
4. , -

-
 Cynoidea. -

, ,  ( -
 Aeluroidea  Arctoidea), ' -

.  (septum bullae
 Aeluroidea septum transversale  Arctoidea), , -

 Cynoidea, -
 Carnivora .

5.

. , ,
-

.
6.

( ) -
 Canini,  — -

- Chrysocyon+Speothos.
7. ,

, Lycalopex vetulus Pseudalopex
sechurae Pseudalopex s. str.; " "  " "  — Vul-
pes s. str.; Cuon alpinus hesperius — Cuon alpinus s. str., 

Nyctereutes  Canini,  Vulpini. 
8.  Caninae -

 — Hesperocyoninae, 
 Caninae. 

,
.
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. .  (Carnivora, Canidae): , -
. — . — -

 03.00.08 – 
. — . . . . — , 2010. 

 Caninae  20 -
 30  2 .

 Canidae -
'  Car-

nivora .
,  Carnivora -

;
. -

, ' : ,
,

 Canidae . -
, , -

.
 Caninae -

. -

.
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: Carnivora, Canidae, Caninae, bulla auditiva, -
, , , , .

. .  (Carnivora, Canidae): , -
. — . — -

03.00.08 – . — . . . .
— , 2010. 

 Caninae  20 -
 30  2 . -

 Canidae 
, -

 Carnivora .
,  Carnivora -

; -
.

, : -
, , -

 Canidae .
, , -

.
 Caninae -

. -
-

.
: Carnivora, Canidae, Caninae, bulla auditiva, -

, , , , -
.

Ivanoff D. V. Auditory bulla of canids (Carnivora, Canidae): ontogeny, compara-
tive morphology and phylogenetic significance. — Manuscript. — Dissertation in ful-
filment of the requirements for the Degree of Candidate of Biological Sciences in the spe-
ciality 03.00.08 – zoology. — I. I. Schmalhausen Institute of Zoology, National Academy 
of Sciences of Ukraine. — Kiev, 2010. 

The dissertation is aimed at assessing the significance of the auditory bulla for the 
reconstruction of phylogenetic relationships within the family Canidae and between other 
higher-level carnivoran taxa. To this end, the postnatal development and adult morpholo-
gical diversity of the auditory bulla were studied in the subfamily Caninae with a partic-
ular emphasis on the intrabullar structure. A total of 2512 dried skulls representing 30 Re-
cent and two fossil species were examined, including 314 immature skulls of 20 species 
and 684 variously aged specimens with the opened bulla(e). The data obtained were com-
pared to the available evidence on the whole family Canidae and other major groups of 
Carnivora.
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The canid auditory bulla does not consist of merely three independently ossifying ele-
ments as previously believed. Instead, in addition to the ectotympanic bone (shared by 
Mammalia), rostral entotympanic and second caudal entotympanic (shared by Carnivora), 
and first caudal entotympanic (shared by the suborder Caniformia), the auditory bulla of 
Canidae includes a unique ventral entotympanic bone, an autapomorphy for the infraorder 
Cynoidea.

Bony partitions in the carnivoran auditory bullae are not formed by the growth of any 
bone edges into the bullar cavity as commonly assumed. Rather than being "inflected" 
bone edges, the intrabullar septa are underresorbed sites of the bullar internal surface at the 
borders between the independently growing ("inflating") zones that produce separate si-
nuses within the hypotympanic space. Importantly, the initial topography of these zones is 
completely (in the infraorders Aeluroidea and Cynoidea) or partially (in Arctoidea) de-
pends on the bone composition of the entotympanic portion of the bulla.

In canids, the septum-inducing zone is the ventral entotympanic, which gives origin to 
a particular bullar compartment, the ventral entotympanic sinus. As development pro-
gresses, the sinus penetrates into and expands within the bones adjacent to the ventral en-
totympanic. This results in the formation of a compound intrabullar septum, with its an-
tero- and posteroventral parts being ectotympanic, anterodorsal part being first caudal en-
totympanic, and posterodorsal part being second caudal entotympanic. 

The ventral entotympanic bone, ventral entotympanic sinus and four-component intra-
bullar septum are unique to canids and strongly support the monophyly of Cynoidea. The 
other carnivoran infraorders differ not only in their patterns of entotympanic ossification, 
but also in their intrabullar sinuses and septa, non-homologous to each other and to those 
of cynoids: the caudal entotympanic sinus and septum bullae shared by aeluroids, and the 
transbullar sinuses and transverse septa peculiar to arctoids. This provides a sound basis 
for using the intrabullar morphology in higher-level systematics of Carnivora. 

The revealed characters of the intrabullar septum and ventral entotympanic sinus are 
promising for the systematics within Caninae. The polarity of septal character states, based 
on the palaeontological criterion, is in general agreement with their distribution across 
clades of recent phylogenetic hypotheses. The lateral extension of the anteroventral sep-
tum beneath the tympanic crest appears a reliable synapomorphy for the tribe Canini, and 
the uninterrupted (ring-like) condition of the intrabullar septum is the first osteological 
synapomorphy for the Chrysocyon-Speothos clade recently revealed by molecular sys-
tematics. Morphology of the auditory bulla also supports placement of the problematic ge-
nus Nyctereutes in Canini and suggests the greater taxonomic separateness of Lycalopex
vetulus and Pseudalopex sechurae from Pseudalopex s. str.; the "fennecoid" and "corsa-
coid" foxes from Vulpes s. str.; Cuon alpinus hesperius from Cuon alpinus s. str.

The ontogeny of the intrabullar septum in Caninae recapitulates the septal evolution in 
the earliest canids, Hesperocyonine. However, it is rather the reverse of the phylogeny of 
Caninae themselves, with their most-derived septal morphologies being paedomorphic. 
This implies a significant role of ontogenetic constraints in the evolution of the canine 
auditory bulla. 

Keywords: Carnivora, Canidae, Caninae, bulla auditiva, intrabullar septum, cranial 
morphology, postnatal ontogeny, evolution, systematics.
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