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I. INTRODUCTION 

This w o r k is a con t inua t ion of inves t iga t ions concern ing t h e s t r u c t u r e of the 
skele ton of the hyoid a p p a r a t u s of smal l m a m m a l s ( R o m a n k o w o w a , 1962). 

A detai led inves t igat ion of t he hyoid region in ba t s w a s car r ied out by S p r a g u e 
(1943). He s tudied 23 Amer i can species of t he Megachiroptera and 22 species of t h e 
Microchiroptera. 

The ske le ton of the hyoid appa ra tu s in ba t s is composed of a cen t ra l ly located 
bas ihya l and of t w o pa i r s of horns : cornu anterior et cornu posterior ( thyrohyal) . 
T h e aim of this w o r k is a compara t ive s tudy of t h e skele ton of t he hyoid a p p a r a t u s 
in Pol ish species of bats . 

II. M A T E R I A L AND M E T H O D S 

Rhinolophus hipposideros specimens come f r o m the collections of Prof . Dr . K a z i - 
m ie r z K o w a l s k i , the r ema in ing p a r t of t he m a t e r i a l was g iven to m e by P ro f . 
Dr . W a c ł a w S k u r a t o w i c z and mgr Bron i s ł aw W o ł o s z y n . I wish to convey 
m y s incere t h a n k s for fac i l i t a t ing my access to t h e inves t iga t iona l ma te r i a l . 

The following species were studied: 8 specimens of Rhinolophus hipposidęros 
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(B e c h s t e i n, 1800) of the Rhinolophid ae, 3 Myotis myotis ( B o r k h a u s e n , 1797), 
2 Myotis mystacinus (K u h 1, 1819), 1 Myotis dasycneme (B o i e, 1825), 3 Myotis 
daubentoni (K u h 1, 1819), 4 Eptesicus serotinus (S c h r e b e r, 1774), 2 Nyctalus 
noctula ( S c h r e b e r , 1774), 2 Pipistrellus pipistrellus ( S c h r e b e r , 1774), 5 Pleco-
tus auritus ( L i n n a e u s , 1758) of the Vespertilionidae. 

31 specimens w e r e investigated in total. P repara t ion was the basic method used 
for invest igat ion. The staining of bDnes with alizarin was used in an auxi l iary 
manner . 

III . DESCRIPTION OF INVESTIGATED PvTATERIAL 

Rhinolophus hipposideros ( B e c h s t e i n , 1800), Figs. 1, 14 

Basihyal. The central part of the bone is spherical, cranially strongly 
vaulted; a broad, flat process with a shallow triangular incision protrudes 
caudally. There is a complete lack of a boundary-line between the 
basihyal and the element that follows. The thyrohyal is flattened and 
slightly curved. With the basihyal it embraces the larynx in the shape of 
an arc. It is slightly broadened near the supposed border-line with the 
basihyal, becomes narrower in the medial region, while its terminal 
extremity is broader, resembling a small shovel with cut down edges. 
The cornu anterior is composed of elongated trabecular osseous elements 
joined together by means of chondroid insertions that are sometimes 
asymmetric. It has the shape of an elongated S. The intracranial 
extremity is larger, becoming narrower and more slender when 
approaching the basihyal. The hypophyal is phalangeal, its f ree end 
sharply terminated end curving slightly towards the basihyal and 
connected with it by means of a delicate ligament. The ceratohyal is more 
than twice as long as the hypohyal, bacilliform, thickening slightly in the 
distal direction. The stylohyal is the longest element of the horn, and has 
a complicated sculpture. About of the bones are bacilliform with 
a slightly thicker infrahyoid extremity. The distal part of the bone is 
flattened and cristae are formed on the lateral borders. The bone is 
arched and broadens on approaching to the place of insertion on the skull. 
In the intracranial part the stylohyal is chondroid and calcification 
appears only in the marginal part the element. 

Myotis myotis ( B o r k h a u s e n , 1797), Figs. 2, 8, 15 

The basihyal is massive, bent in the shape of a horseshoe on the side 
of the cranial surface. The central region of ths bone is inflated, 
discoidally vaulted on the ventral side, with a deep incision on the caudal 
side. The terminal extremities of the bone are craniocaudally flat tened 
and connected with the thyrohyal by means of a chondroid insertion. The 
length of the thyrohyal corresponds to the height of the basihyal 
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horseshoe. The medial part of this element is a prism with concave 
margins broadening the bone terminally. The cornu anterior is composed 
of three elements — two osseous ones with a chondroid insertion between 
them. It is elongated and S-shaped. The osseous part , directed towards 
the cranium, is slightly twisted in the long axis, a little convex near the 
bulla tympanica where it broadens. The osseous sector, directed towards 
the basihyal is small, flat and elliptic. 

Myotis mystacinus (K u h 1, 1819), Figs. 3, 9, 16 

The basihyal, of a horseshoe shape, is situated perpendicularly to the 
long axis of the body. The medial part is convex and discform. It has two 
short processes, far apart f rom each other, on the caudal margin, 
connected by means of a depressed line. The cranial margin of the bone 
is steeply vaulted, the terminal extremities are craniocaudally flattened. 
The bone is connected with the aid of a chondroid insertion with the 
next investigated element. The axial part of the thyrohyal is a prism 
with slightly concave surfaces, from which issues laterocaudally an elon-
gated flat process. Cornu anterior is twisted in its long axis, f lat tened and 
S-shaped. In the intracranial region this element is broader, becoming 
narrower on approaching the basihyal. It is terminated by a chondroid 
rod, in which two small flat ossifications can be noticed. 

Myotis dasycneme (B o i e, 1825) 

The basihyal is placed in the same manner as in the preceding species. 
The ventrocranial part of the medial region of the bone is occupied by 
a platelet forming the half of a disc. Two relatively long and flat pro-
cesses, rounded at the ends, issue from it caudally. The terminal extre-
mities of the basihyal are craniocaudally flattened and connected with 
the following element by means of chondroid insertions. The thyrohya] 
is elongated and massive and departs caudolaterally f rom the basihyal. 
Its construction is in the shape of a prism, with a caudolaterally elongated 
margin. The terminal surface of the bone is strongly depressed, and 
slightly concave laterally. The cornu anterior is composed of a single 
osseous element and a relatively long chondroid epiphysis. The bone is 
twisted in the long axis and has the shape of an S. 

Myotis daubentoni (K u h 1, 1819) 

^ <i*The basihyal is in the shape of a horseshoe. On the cranial surface oi 
the medir1 * 1 1 : — 1 — 1 — 

« r J 
Sr the medial par t of the bone a hemispherical process can be seen, the 
t .»v V • 
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ventral surface is vaulted discoidally, there are two cone-like nodes on 
the caudal surface, separated f rom each other by a deep triangular 
incision. Two flattened arms of the horseshoe issue in a dorsocaudal di-
rection f rom the medial part. On the lateral margins of the arms triangu-
lar f la t cristae are situated, with terminal extremities obliquely cut; they 
are connected with the following elements by means of chondroid 
insertions. The thyrohyal is composed of three concave surfaces placed 
near each other along their long axes; it is relatively long and the 
proximal end is narrower than the distal one. The medial margin is 
slightly concave, the lateroventral and terminal ones being deeply 
concave. The cornu anterior is in a laterocaudal position in relation to the 
basihyal. It is composed of a broader elongated segment directed towards 
the cranium, of a chondroid insertion and of a small, phalanx-shaped 
part, directed hyoidally and terminated by a chondroid flat tened element. 

Eptesicus serotinus (S c h r e b e r, 1774), Figs. 5, 11, 18 

The basihyal is trabecular. The ventral part of the bone is discoidally 
convex, vaulted in the shape of an acute arch from the cranial side. The 
dorsal surface is concave. Two shovel-like arms, flattened craniocaudally, 
with obliquely cut terminal extremities, issue from the medial part. The 
thyrohyal is placed laterocaudally in relation to the basihyal. The 
s t ructure of the medial part of the bone resembles an elongated prism., 
the terminal part of the lateral margin forming a long gradually narro-
wing process, rounded at the end. The cornu anterior is a single bone, 
elongated, flat and slightly twisted in its long axis. It has the shape of 
an S and its part situated in the direction of the cranium is twice broadei 
than the remaining slender part. 

EXPLANATION OF FIGURES 

Skeleton of the hyoid appara tus . 
1 — Basihyal and the lef t thyrohyal of Rh. hipposideros, ven t ra l view. 
2—7 — Basihyal : 2 — M. myotis, vent rocrania l view. 3 — M. mystacinus, ven t ro -

cranial v iew. 4 — P. auritus, ven t rocran ia l view. 5 — E. serotinus, vent rocaudal 
view. 6 — P. pipistrellus, vent rocaudal view. 7 — N. noctula, ven t rocauda l view. 

8—13 — Thyrohya l : 8 — M. myotis, caudovent ra l view. 9 — M. mystacinus, 10 — 
P. auritus. 11 — E. serotinus. 12 — P. pipistrellus. 13 — N. noctula. 

14—20 — Cornu anter ior : 14 — Rh. hipposideros. 15 — M. myotis. 16 — M. mysta-
cinus. 17 — P. auritus. 18 — E. serotinus. 19 — P. pipistrellus. 20 — N. noctula. 
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Nyctalus noctula (S c h r e b e r, 1774), Figs. 7, 13, 20 

The central part of the basihyal is a trabecula bent in the shape of an 
arc, its convex part being cranial directed. The trabecula ends have two 
genicular protuberances from which issue dorsocaudally two processes 
f lat tened along the long axis, becoming narrower when nearing the 
terminal extremities. The terminal ends of the basihyal are connected 
by means of ligaments with the thyrohyal. The thyrohyal is composed of 
three concave surfaces approaching each other along the long axes. The 
paramedial and dorsal margins are convex, the retroaxial and terminal 
margins are concave. Cornu anterior is composed of a single flattened 
bone, resembling an elongated interrogation mark. Half of the bone is 
slender and directed intrahvoidally, the remainder is twice as broad. On 
both ends of the bone are chondroid elements (epiphyses). 

Pipistrellus pipistrellus (S c h r e b e r, 1774), Figs. 6, 12, 19 

The basihyal is a trabecula craniocaudallv flattened, placed transvei-
sally to the long axis of the body, bent in the shape of an arc and directed 
cranially. The terminal extremities are depressed in an obtuse angle in 
the dorsal direction. There are thickenings in the depressions. The termi-
nal ends are sharply cut and the space between the basihyal and the 
thyrohyal is filled with cartilage. The thyrohyal is massive, the medial 
part of the bone has the shape of a prism and the ventral margin forms 
a trapezoidal platelet. The cornu anterior is composed of a single bone 
terminated by chondroid epiphyses. It is slightly undulating in the long 
axis, convex in the region of the bulla tyvipanica, f lattened and of an 
S-like shape. 

Plecotus auritus ( L i n n a e u s , 1758) 

The basihyal is convex in the medial part of the bone, f rom the ventral 
side, depressed from the dorsal side and triangular. The apex of the 
triangle is folded towards the dorsal side. The caudal surface of this part 
of the bone is shallowly depressed. From the central part of the hyoid 
bone issue at an acute angle elongated processes, cranio-caudally flat te-
ned, cut obliquely on their terminal extremities, connected by means of 
chondroid insertions with the next element. The thyrohyal is built of two 
perpendicularly situated osseous platelets, broad at the terminal end and 
narrowing considerably in the proximal direction. Cornu anterior, in the 
shape of an S, is flattened and twisted in the long axis. The part directed 
towards the cranium is broader, the remainder of the bone being slender 
and narrow. 
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IV. COMPARATIVE REVIEW OF THE SKELETON OF THE HYOID A P P A R A T U S 
IN THE INVESTIGATED BAT SPECIES 

In the investigated group of bats distinct differences appear between 
representatives of the Vespertilionidae family and the species belonging 
to the Rhinolophidae family. In the Rhinolophus, the thyrohyal adheres 
to the basihyal and in the Vespertilionidae both these bones are connected 
by means of a cartilage. In the Rhinolophus the thyrohyal is flattened 
bilaterally and has smooth sides, bent in the shape of an arc, while in the 
investigated Vespertilionidae they are composed of three surfaces nearing 
each other on the paracentral line. In the Rhinolophus the cornu anterior 
is composed of phalanxes, in the Vespertilionidae — of separate osseous 
elements, terminated in the part directed towards the basihyal by 
a chondroid elongated rod in which, in the Myotis sp., a small flat bonelet 
is developed. The basihyal in its medial part represents two types of 
s t ructure in the investigated bats. In Rhinolophus, Myotis sp. and Pleco-
tus, this part is thickened, with a vaulted cranial margin, the caudal mar-
gin is provided with two nodes. In Nyctalus, Pipistrellus and Eptesicus 
the osseous trabecula is depressed in the shape of an arc in the crania) 
direction. 

In the structure of the basihyal as well as in that of the remaining 
elements of the skeleton of the hyoid apparatus in the investigated bats 
visible differences arise, permitting to distinguish separate genera and 
species. Thus in the Rhinolophus the medial part of the basihyal is rela-
tively broad, flat on the side of the dorsal surface, convexedly vaulted on 
the ventral one. Margo anterior resembles in outline a hemispherical arc. 
In species of the Vespertilionidae family the medial region of the basihyal 
is thickened, the ventral surface slightly convex and the dorsal one 
somewhat concave. The margo cranialis of Myotis myotis has the outline 
of a hemispherical arc, it is in the shape of a segmental arc in Myotis 
daubentoni, of a low, flattened acute arc in Myotis dasyeneme and of 
a highly vaulted acute arc, with an apex outwardly folded into the dorsal 
side in Plecotus auritus. In the structure and development of the processes 
situated on the margo caudalis certain differences also arise. In Nyctalus, 
Eptesicus and Pipistrellus the paracentral region of the basihyal is t ra-
becular, arcuately depressed at a nearly right angle, in the cranial 
direction. In Nyctalus the bone is the largest and the smallest in the 
Pipistrellus. 

In the structure and length of the cornu anterior differences also arise. 
The degree of twisting in the long axis and the vaulting in the region of 
the bulla tympanica vary. Cornu anterior in all investigated bats is 
connected by a ligament with the basihyal. 
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V. DISCUSSION AND CONCLUSIONS 

The structure of the cervical region in small mammals is a problem 
deserving attention and requiring detailed investigation, as appears from 
the work of S p r a g u e (1943) and my own results. The hyoid apparatus 
of bats of the Microchiroptera subspecies underwent a far reaching modi-
fication. Investigations of the anatomical s t ructure of the larynx, carried 
out by E 1 i a s (1907) became an indication for the studying of the ul tra-
sonic orientation of bats. M o h r e s (1952) stated the differences in 
emitted sounds and the manner of sound production in V espertilionidae 
and Rhinolophidae. P o c o c k (1917) found a correlation between the 
reduction of cornu anterior and the increase in voice production in some 
Felidae. It might be inferred that this correlation takes also place in both 
of the investigated bat families. In Rhinolophus, the cornu antorior is 
composed of several osseous elements movably assembled; in the 
Vespertilionidae it is reduced to a single bone. 

B o k e r (1937) correlated the shape of the snout of Macrochiroptera and 
Microchiroptera with the kind of their food. This opinion does not seem 
to be correct. The visual orientation of the Macrochiroptera and the 
ultrasonic orientation of Microchiroptera, which have been stated, lead 
to the supposition that sound production can be a modelling factor. 

On summing up the investigational results the following conclusions 
can be reached: 

1. The skeleton of the hyoid apparatus in the investigated bats is 
a highly specialised structure. 

2. In the investigated Vespertilionidae and Rhinolophus a division, in 
accordance with the systematic division, into two structural types of the 
hyoid apparatus skeleton takes place. 

3. The paramedial region of the hyoid bone in the investigated bat 
species is developed according to two basic structural types. The first 
type comprises the Nyctalus, Eptesicus and Pipistrellus, the second one — 
the Rhinolophus, Plecotus and Myotis. 

4. The skeleton of the hyoid apparatus in each of the investigated 
species is developed in a characteristic manner, owing to which its 
structure can be used as an index in the determination of osseous 
remnants. 

5. The division of the hyoid apparatus skeleton into structural types 
coincides with data for the types of the ultrasonic orientation of bats. 
This allows to infer that voice production is the main factor influencing 
the shape of the hyoid bone. 
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VI. SUMMARY 

31 specimens of Rhinolophus, Myotis, Eptesicus, Nyctalus, Pipistrellus and Plecu-
tus species were invest igated. The skeleton of the hyoid appara tus of bats is a highly 
specialised s t ruc tu re . Differences in the s t ruc tu re of the hyoid appa ra tu s of Rhino-
lophus and of tha t of represen ta t ives of the invest igated Vespertilionidae r ep resen-
tat ives were s ta ted. These d i f ferences are in accordance with da ta for the ul trasonic 
orientat ion in these species of bats. A cer ta in resemblance be tween the s t ruc tu re 
of the medial region of the hyoid bone of the Rhinolophus and tha t of the invest iga-
ted par t of the Vespertilionidae was ascertained. 
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STRESZCZENIE 

Szkielet a p a r a t u gnykowego u nietoperzy jest s t r u k t u r ą wysoce wyspecja l izowa-
ną. P rzebadano 31 okazów należących do rodza jów Rhinolophus, Myotis, Eptesicus, 
Nyctalus, Pipistrellus, Plecotus. S twierdzono różnice w budowie apa ra tu gnykowego 
między Rhinolophus a badanymi przedstawicie lami Vespertilionidae. Różnice te po-
k r y w a j ą się z danymi o or ientac j i u l t r adźwiękowej tych ga tunków nietoperzy. Poza 
tym stwierdzono pewne podobieństwo budowy cen t ra lne j okolicy kości gnykowej 
u Rhinolophus i Vespertilionidae. 
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