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Introduction

Bird fossils are mostly represented by skeletons or bones. Comparative osteology
of Recent birds is essential for identification and classification of fossil forms. Al-
though there have been some works on the osteology of the genus Phalacrocorax (see
RupoLpHI, 1816; DERSELBE, 1897, 1914; SHUFELDT, 1884, 1889, 1894, 1903, 1915;
JEFFRIES, 1883, 1884; Lucas, 1889, 1896; and Gapow, 1902), these descriptions are not
sufficient for researches of paleontological material. Therefore, for the basis of the
identification of fossil cormorants, I here describe osteological characters and differences
among Recent Japanese cormorants.

The Phalacrocoracidae consist of one genus and 27 species in the world (MAYR,
1979). Among them, four species are distributed in Japan. They are Phalacrocorax
filamentosus (TEMMINCK & SCHLEGEL), P. carbo (LINNAEUS), P. pelagicus PALLAS, P.
urile (GMELIN).  P. filamentosus is distributed in Japan, Korea, Ussuri and the northern
coast of China. P. carbo is an Old World cosmopolitan and distributed also in a part
of the northwestern New World, etc. P. pelagicus is distributed along the coast of the
northern Japan, the Bering Sea coast and the Pacific side of North America. P. urile
is distributed in the Bering Sea coast and islands of the eastern Hokkaido (after the
ORNITHOL. SOC. JAPAN, 1974). Another species, Phalacrocorax niger (VIEILLOT) is dis-
tributed in the southwestern China.

The present writer investigated skeletons of P. filamentosus, and compared them
with those of P. carbo, P. pelagicus, and P. harrisi which show the extreme aquatic adap-
tation. Specimens of P. urile have not been available.

In Japan, fossil materials which probably belong to the genus Phalacrocorax and
related forms are found from Miocene beds in Chichibu, and Mizunami (HASEGAWA
et al., 1978), and Pleistocene beds in the Shiriyazaki, the Lake Nojiri (ONo, 1979) and
Fujisawa (TAKAHASHI & NOKARIYA, 1980). I am planning to report on these materials
in future publications.
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Materials and Methods: The data of the Recent specimens studied are listed
below.

P. filamentosus: 2 specimens, Miura Peninsula, Kanagawa Pref. and Shimokita
Peninsula, Aomori Pref.

P. carbo: 2 specimens, from Ueno Zoo. @, bill length, 60 mm, wing length, 320 mm.

P. pelagicus: 2 specimens, offshore of Hyotsu, Hyotsu County, Hokkaido.

All measurements are linear and to the nearest tenth milimeter. Measurement
points are illustrated in Fig. 15.

Anatomical nomenclature follows those of HOwWARD (1929) and BAUMEL et al.
(1979).

Osteological Description of Recent Japanese Cormorants

Herein are described and illustrated details of Phalacrocorax filamentosus. Speci-
fic differences of three species, filamentosus, carbo, and pelagicus, are summarized
briefly. The skeletal elements studied are those bones most frequently found as fossils.

A. Description of Phalacrocorax filamentosus

Skull (Fig. 1-1)

Premaxillary, slender, deeply hooked, and slightly curved ventrally. External
naris, very small and opened at less than 5 mm in front of naso-frontal hinge. From
anterior of external naris, nasal groove extended toward tip of bill. No expansion in
naris portion. Cranium, especially in posterior portion behind postorbital process,
shifted dorsally, elongated, and somewhat expanded laterally. Rostrum, slightly
longer than cranium. Lachrymal, thin medially, fused with frontal, ethmoid, and
contacted with jugal, forming lachrymal foramen. Jugal, expanded laterally in an-
terior portion, and vertically in posterior portion. Dorsal rim of orbit, thin.
Postorbital process, small and projected ventrally. Supraoccipital, tuberculated me-
dially and articulated with occipital style. Septal foramen, very large, therefore in-
terorbital septum, much reduced. Large foramen, perforates posterior surface of
orbit into cranium. Temporal fossa, deep and narrow. Median ridge on parietal
and temporal ridge very high. Vomer, small. Palatine, long and narrow, flat, and
medially fused with ridge completely. No basipterygoid process. Sphenoidal
rostrum, narrow. Basitemporal plate, somewhat large. Anterior margin of plate,
makes long, low ridge. Shallow fossa on basioccipital. Exoccipital, tuberculated in
lateral and projected ventro-posteriorly. Opisthotic, directed posteriorly. Occipital
condyle, slightly notched and somewhat triangular. Foramen magnum, somewhat
excavated in lateral margin. Pterygoid, somewhat expanded dorsally, with round
ventral ridge. Quadrate, double headed with shallow notch between heads. Otic
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process, long.

Mandible (Fig. 2-1)

Tip of mandible, not curved downward. Well sutured. Small pneumatic fora-
mina on dentary. No mandibular foramen. Coronoidal process, large, and situated
more anteriorly. Articular processes, short. Posterior portion of external articular
process, strongly concave. Coronoid process, very low, but serves as place for mus-
cular attachment. Prearticular, concave dorsally.

Furcula (Fig. 3-1)

Broad V-shape, and articulated with carinal apex of sternum on furcular process.
Scapular tuberosity, very long. Deep and broad fossa present in the space between
scapular tuberosity and coracoidal facet. Coracoidal facet, round, large, and smooth
articular facet, directed posteriorly. Shaft, expanded dorsoventrally in proximal,
slender in distal, and curved strongly to ventral. Symphysis, broad. Furcular process,
short. Sternal facet, large. Broad and shallow groove on posterior margin in proxi-
mal of shaft.

Coracoid (Fig. 4-1)

Head, thick vertically. Furcular facet, round and flat on ventral of head,
situated somewhat medially. Brachial tuberosity, on internal surface of head.
Height of brachial tuberosity, 3.6 mm. Lower margin of tuberosity, somewhat ex-
cavated. No pneumatic foramina. Triosseal canal, shallow. Coraco-humeral
surface, on external surface of ridge between head and glenoid facet. Neck forms
broad fossa. Bicipital attachment forms a distinct fossa externally to furcular facet.
Glenoid facet, large, even, and oval articular surface on dorso-external surface of head.
Scapular facet, flat, and indistinct in boundary. Procoracoid, tuberculated internally.
Deep fossa, between procoracoid and scapular facet. No coracoidal fenestra. Shaft,
strongly curved dorsally. Intermuscular line, run slightly externally on ventral surface,
and terminated on central of upper margin of ventral lip of sternal facet. Attachment
of coraco-brachialis, on midpoint of external surface of shaft. Sterno-coracoidal
impression forms deep and large oval fossa on ventral surface of distal end. Sterno-
coracoidal process, high, and long terminal knob on anterior margin of process.
Dorsal lip of sternal facet, straight. Width of ventral lip, equal to that of dorsal one.

Scapula (Fig. 5-1)

Acromion, expanded posteriorly. Furcular articulation, very large. Coracoidal
articulation, large and expanded laterally. Glenoid facet forms triangular shaped facet.
Fossa on ventral surface of neck. Blade, straight, narrow, and long. Large tubercle
on lateral surface of blade. No pneumatic foramen between acromion and coracoidal
articulation. Apex, bent inwardlly. Deep fossa on internal surface of proximal
end.

Sternum (Fig. 6-1)
Somewhat long, and narrow laterally. Carina, slightly expanded ventrally.
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Fig. 5. Scapulae. 1, P. filamentosus. 2, P.
carbo. 3, P. pelagicus.

Fig. 4. Coracoids. 1, P. filamentosus. 2, P.
carbo. 3, P. pelagicus. a, dorsal view; b,
ventral view; c, left lateral view; d, sternal
facet.

Anterior carinal margin curved posteriorly. Anterior carinal margin, thin. Carinal
apex extended anteriorly. Manibrium weakly developed. No dorsal manibrial spine,
and ventral manibrial spine, small. Deep and narrow fossa between large dorsal
lip and thin ventral lip of coracoidal sulcus. Sterno-coracoidal process, thick and
large square in shape. Costal margin, short. Sternal plate, excavated proximally.
Costal process, four. Ventral labial prominence, small. Sternal plate, curved exter-
nally, and antero-ventrally. Intermuscular line reaches posterior part of ventral labial
process. Xiphial area, short and broad. Post pectoral line runs from distal end of
carina to anterior margin of sternal notch. Posterior lateral process, short and broad.
Humerus (Fig. 7-1)

Head, low and wide. Deltoid crest, low, and tuberculated strongly on distal end.
Ligamental furrow, deep and broad. Bicipital furrow, very deep and narrow but broad
on distal margin of head, and getting narrower distally and terminated on a half of
deltoid crest. Bicipital surface, expanded anteriorly. Bicipital crest, somewhat ex-
panded distally. External tuberosity, low but large on innermost of proximal end.
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Fig. 6. Sterna. 1, P. filamentosus. 2, P. carbo. 3, P. pelagicus. a, ventral view b, left lateral view.

Internal tuberosity, large and situated more internally. Capital groove, broad. No
pneumatic foramen. Pneumatic fossa, large. Capital-shaft ridge, well developed.
Attachment of infraspinatus, large. Attachment of supraspinatus, situated on internal
margin of median crest. Median crest, short. ~Attachment of latisimus dorsi pos-
terioris, short and tuberculated in proximal part. Attachment of latisimus dorsi
anterioris, long, broadened distally, and terminated at a half of shaft dorsally. Shaft,
slightly flattened, and somewhat curved posteriorly in distal. Expansion of shaft, at
distal end of deltoid crest. Impression of brachialis anticus, shallow and situated on
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Fig. 7. Humeri. 1, P. filamentosus. 2, P. carbo. 3, P. pelagicus. a, caudal view; b, cranial view;
¢, ventral view.

dorsoproximal margin of attachment of anterior articular ligament, and dorso-proxi-
mally extended in oval shapes. Brachial depression, shallow, narrow, and extended
only dorsally. External condyle, bulbous, inflated, and hooked at proximal end.
Internal condyle, round and narrow. Intercondylar furrow, shallow and wide. Ente-
picondyle, expanded ventrally. Attachment of anterior articular ligament, very large
and long. Attachment of pronator brevis form deep fossa behind attachment of an-
terior articular ligament. Ectepicondyle, large. Ectepicondylar prominence, ex-
panded dorsally. External and internal tricipital groove, shallow and broad. Ole-
cranal fossa, broad and somewhat deep.

Olecranon, low and terminated more ventrally. Olecranal fossa, deep and wide.
Dorsal lip of external cotyla, developed distally. Ventral margin of internal cotyla,
expanded ventrally. Deep and wide fossa, between internal cotyla and prominence for
anterior articular ligament. Impression of brachialis anticus, long, but shallow. Pro-
minence for anterior articular ligament, situated medially. Proximal of shaft, slightly
compressed antero-posteriorly. Shaft, moderately curved posteriorly. Anterior
intermuscular line runs medially in proximal, and more ventrally in half of shaft.
Proximal radial depression, indistinct. Carpal tuberosity, large and flattened dorso-
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