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Introduction

   Albatrosses, birds of an avian family Diomedeidae, are large 
seabirds belonging to the order Procellariiformes. Under the most
commonly accepted classification, 21 recent species of albatrosses
in four genera range widely in the ocean of the Southern Hemi-
sphere and the North Pacific. These genera are: Diomedea (great
albatrosses), Phoebastria (North Pacific albatrosses), Thalassarche
 (mollymawks) and Phoebetria (sooty albatrosses) (Nunn et al., 
1996;  Only and Scofield,  2007).  It was Nunn et al.  (1996) 
molecular biological work studying the mitochondrial DNA of 
14 accepted species that found four monophyletic groups within 
Diomedeidae.  They also found the two linages within them: a 
clade including the great albatrosses and the North Pacific alba-
trosses and the other clade including the sooty albatrosses and 
mollymawks. 
　Among the four genera, Diomedea, Phoebastria and Thalas-
sarche, i.e. other than Phoebetria, were formerly grouped in the 
genus Diomedea after the long taxonomical debate of over 100 
years (Alexander et al., 1965). The key morphology of this 
broad sense Diomedea (written as“Diomedea”below) is obviously

similar.  Osteology also divides Phoebetria from “Diomedea” 
(Figure 1), that means “Diomedea” is obviously similar in its 
osteology too.  Paleontological studies depending on the skeletal
material therefore have long been using “Diomedea” simply 
and few works have identified the subdivided genera in fossil re-
cords.  A few examples are the osteological work by Dénes and 
Silveira (2007) and paleontological work by Olson and Rasmussen
(2001), and the scantiness is a big problem.  Now, to reconstruct 
the evolutionary history of albatrosses, paleontologists must try to
precisely identify the birds to Diomedea, Phoebastria, Thalas-
sarche, or an extinct genus.  
   As the first step, we examined the comparative osteology of 
Diomedea, Phoebastria and Thalassarche and investigated 
whether it is possible to distinguish each genus from its mor-
phology by using the skeletal specimens of Diomedea exulans 
(Wandering Albatross), Phoebastria albatrus (Short-tailed Alba-
tross), Phoebastria nigripes (Black-footed Albatross), Thalassar-
che melanophris (Black-browed Albatross) and Thalassarche 
chlororhynchos (Atlantic Yellow-nosed Albatross).  As a result, 
we found totally 73 distinction points on eleven major skeletal 
elements, which show high similarity between Diomedea and 
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Phoebastria and uniqueness of Thalassarche.
   Our result indicates that even the fossilized skeletal element, 
if the fossil is well preserved, could be identified to the certain 
genus.  This study could not include Phoebetria.  When the fu-
ture study describes the osteology of Phoebetria, these notes 
will open a way to reconstruct the phylogeny and evolutional 
history of albatross family.  

Material and Methods

　The genetic classification of Nunn et al. (1996) is followed. 
The notation “Diomedea” is used for the cases when the name 
Diomedea is used in the sense of Alexander et al. (1965).  Os-
teological terminology followed Baumel and Witmer (1993), 
Von den Driesch (1976) to measure, and, partly, Howard (1929). 
　Totally twelve skeletal specimens of albatrossis were observed. 
They are: 1 Diomedea exulans, 2 Phoebastria albatrus, 2 Phoe-

Figure 1．The skeletal elements of Phoebetria palpebrata.  Compare to the ones of Diomedea, Phoebastria and Thalassarche shown in plates.  A: 
the dorsal view of cranium.  B: the ventral view of sternum.  C: the dorsal view of right carpometacarpus.  D: the dorsal view of right coracoid. 
 E: the dorsal view of pelvis.  F: the anterior view of right femur.  G: the anterior (dorsal) view of right tarsometatarsus.  H: the anterior view of 
right tibiotarsus.  I: the caudal view of left humerus.  Drawn from the photos of the specimen housed in the Division of Birds, Smithsonian In-
stitution, numbered USNM 502518.  The photos were supplied by Mr. J. Watanabe.  Some unique features of Phoebetria against “Diomedea” 
genera, such as: very narrow tomia, extremely short and wide sternum, short and laterally long coracoid, the dorsal surface of coracoid is very 
pneumatic, straight femur, relatively fat tibiotarsus, sunken lateral and medial wall of shaft of tarsometatarsus and then the ends of this skeletal 
element expand well, low and burly proc. supracondylaris dorsalis of the distal end of humerus, etc. are visible. 
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bastria nigripes, 4 Thalassarche melanophris and 3 Thalassarche
chlororhynchos.  Using the plural specimens of each species, ex-
cept for D. exulans, we checked the intraspecific variation at first.
Basically, every species show very similar morphology and 
then we concluded that the intraspecific variation is not serious. 
Because some specimens have dried tendons and other fleshy 
materials stuck on bones, only one specimen for each species 
was used in following observations and measurements.
The specimens used in this study are all in the collection of 
Paleontological Lab, Department of Geology and Mineralogy, 
Kyoto University (KUGM): KUGM-RA13008, male Diomedea 
exulans; KUGM-RA99119, Phoebastria albatrus, sex unknown; 
KUGM-RA14001, Phoebastria nigripes, sex unknown; KUGM-
RA13009, Thalassarche melanophris, sex unknown; and KUGM-
RA13012, male Thalassarche chlororhynchos.
Measurements: Following Von den Driesch (1976), some points 
were defined in this study (asterisked in following list).  Details 
of the measurements are as follows and given in figures. Cranium 
(Figures 2, 3):  BC1*, culmenal breadth1, breadth of the culmenal
ridge at the widest point, usually at just anterior to the external 
naris;  BC2*, culmenal breadth 2, the breadth between tomia at 
the point of BC1;  BC3*, culmenal breadth 3, smallest breadth 
of the culmenal ridge, between external naris;  BC4*, culmenal 
breadth 4, the breadth between the posterior ends of tomia; 
CBL, condylobasal length;  GB, greatest breadth; GH, greatest 
height in the median plane, from the basitemporale in the median
plane to the highest point of the braincase;  GL, greatest length; 
LI, length of the incisivum, from apex premaxillaris to the most 
aboral point of the processus frontales of the incisivum in 
themedian plane;  LP, length from the protuberantia occipitalis 
externa to the most aboral point of the processus frontales of the 
incisivum in the median plane;  SBnf*, smallest breadth of naso-
frontal hinge;  SBO, smallest breadth between the orbits on the 
dorsal surface. Mandible (Figure 3):  GL, greatest length of one-
half of the mandible; LS, Length of the symphysis. Sternum 
(Figure 4): GB*, greatest breadth;  GLM*, greatest length meas-
ured from the cranial point of the manubrium sterni to the level 
of the most caudal point of sternal plane;  LC, length of the 
crista sterni, from the apex cristae sterni to the caudal border of 
the metasternum in the median plane; LM, length from the cra-
nial point of the manubrium sterni to the caudal border of the 
metasternum in the median plane;  SB*, smallest breadth of the 
sternal plane, measured at the narrowest part; SBF, smallest 
breadth between the facets for the costosternal articulations, 
measured at the narrowest part;  Coracoid (Figure 5):  Bb, greatest
basal breadth;  BF, total breadth of the facies articularis basalis;  
BFm*, breadth of the medial portion of facies articularis basalis 
(=sternalis);  GL, greatest length;  Lm, medial length.  Scapula:  
Dic, greatest cranial diagonal; GL, greatest length.  Humerus 
(Figures 6, 7):  Bda, breadth of the distal end, measured only the 
area of internal and external condyles;  Bp, breadth of the proxi-
mal end; GBd*, greatest breadth of the distal end, measured with
the processus supuracondylaris dorsalis; Gl, greatest length; SC,
smallest breadth of the corpus.  Radius (Figure 9):  Bd, greatest 
breadth of the distal end;  GL, greatest length;  SC, smallest 
breadth of the corpus.  Ulna (Figures 8, 9):  Bp, breadth of the 
proximal end;  Did, greatest diagonal of the distal end;  Dip, 
greatest diagonal of the proximal end from the caudal border 

of the olecranon to the cranial border of the proc. cotylaris dor-
salis; Gl, greatest length; SC, smallest breadth of the corpus.
Carpometacarpus (Figure 9): Bp, breadth of the proximal end; 
Did, greatest diagonal of the distal end; Gl, greatest length. 
Phalanx proximalis digiti majoris (Ph. 1 major.): GL, greatest length; 
La, length between articular surfaces. Pelvis (Figure 10): AA, breadth
between the borders of the acetabula, measured at the narrowest 
part;  BA, breadth across the two antitrochanters; CB, cranial 
breadth; DiF*, the long diameter of the foramen ilioischiadi-
cum; GL, greatest length, length from the cranial border of the 
ilia to the most caudal point of the ischia; LS, length from the 
cranial border of the ilia to the spina iliocaudales; LV, length 
along the vertebrae, centrally; SB, smallest breadth of the partes 
glutaeae.  Femur (Figure 11):  Bd, breadth of the distal end;  Bp, 
breadth of the proximal end; Dd, depth of the distal end; Dp, 
depth of the proximal end; GL, greatest length; Lm, medial length; 
SC, smallest breadth of the corpus.  Tibiotarsus (Figure 12): Bd, 
breadth of the distal end; Bp, breadth of the proximal end;  Dd, 
depth of the distal end;  Dip, greatest diagonal of the proximal 
end from the condylus medialis femoralis to the crista lateralis; 
GL, greatest length;  La, axial length; SC, smallest breadth of 
the corpus.  Tarsometatarsus (Figures 13, 14):  Bd, breadth of 
the distal end;  Bp, breadth of the proximal end;  Dd, depth of 
the distal end;  DSC*, greatest depth of the shaft measured at 
the point of SC;  GL, greatest length;  SC, smallest breadth of 
the corpus.

Results

1:  Measurements  (Table 1)

　The measurements of examined specimens (species) are shown
in Table 1. Among the five species, Diomedea exulans is the 
largest and Phoebastria albatrus is the second. Phoebastria 
nigripes and Thalassarche melanophris have nearly the same 
measurements and show similar proportion.  Thalassarche chlo-
rorhynchos is the smallest. 
Comments: It is true that the “size” is surely useful to identify the 
species of avian osteological remains, because the size variation 
is small in adult birds.  This empirical law, naturally, has been 
applied to the paleontology of albatrosses also.  Authors discussed
the species based on the “size”, after they identified the bird to 
“Diomedea”. An author of this study HM has also reported 
“one of the smallest albatross to be reported” from the Miocene 
of Nagano, Japan (Matsuoka et al., 2009).  
　The “size”, however, is not the plenary manner.  For example,
“D.” nigripes and “D.” melanophris in this study show about 
the same size in measurements, and then they are impossible to 
be identified by their “size” only.  We must observe the detailed 
morphology to identify them correctly. 

2:  Distinction points to identify Diomedea, Phoebastria and 
Thalassarche

　Totally 73 distinction points on their major skeletal elements 
were found. Our eyes probably focused only on the characteristics
that seem to have higher potential to be preserved in fossils, and 
this number could be increased in further study.  
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Table 1．The measurements (in mm) of the osteological specimens of Diomedea exulans (KUGM-RA13008, male),  Phoebastria albatrus
KUGM-RA99119, sex unknown), Phoebastria nigripes (KUGM-RA14001, sex unknown), Thalassarche melanophris (KUGM-RA13009, sex
unknown) and Thalassarche chlororhynchos (KUGM-RA13012, male).  All are housed in Paleontological Lab, Department of Geology and
Mineralogy, Kyoto University. 

(continued)
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Ossa cranii
(Figures 2, 3; Plates 1, 2)
　Seven points have been recognized.
1）The transversal shape of culmen. --  Diomedea and Phoebastria
have fat culmen and its upper part, culmenal ridge, in transversal
section, shows a dome-like inverted U-shape.  Thalassarche has 
a laterally thin, inverted V-shaped culmen. The difference of 
this point has long been reported as the evidence of two lineages
in“Diomedea” (Coues, 1866).  
2）The position of the maxillary groove, on the lateral view of 
culmen. --  Diomedea and Phoebastria have the maxillary groove
running nearly in the middle of the culmen. Thalassarche’s culmen
has its maxillary groove at the high position, near to the dorsal 
margin. 
3）The shape of external naris (osteological). --  Diomedea and 

Phoebastria have relatively high, oval external naris.  Thalassarche
has dorsoventrally narrow external naris, with slits at the anterior
and posterior ends.
4）The impression of salt gland. --  Diomedea and Phoebastria 
have the impressions of salt glands being entirely on the cranium
and then the posterior part of the dorsal margin of orbit is the shelf 
of the frontal bone.  Thalassarche has the salt glands relatively 
laterally located, and then the dorsal margin of the orbit is covered
by the impression of the salt gland.
5）The rostrum parasphenoidalis, in the ventral surface. --  Diome-
dea and Phoebastria have fat and short rostrum parasphenoidalis. 
Thalassarche has a slender one.  
6）The foramen magnum. --  Diomedea and Phoebastria have 
dorsoventrally high foramen magnum.  Thalassarche has a later-
ally wide opening. 
7）The quadrate, when viewed from the ventral surface. --  Dio-

Table 1．continued
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medea and Phoebastria have anteroposteriorly long quadrates, 
and the articular surface to the mandible is triangular.  Thalas-
sarche has short and flat quadrates in this aspect.

Sternum
(Figure 4; Plate 3)
　Three points have been recognized.

8）The apex carinae. --  The feature is obvious in the ventral 
surface of the apex.  Phoebastria has a unique Y-shaped, laterally
expanded apex.  Diomedea and Thalassarche have a nonspecial-
ized apex, that looks like a slender radish in its outline. 
9）The labrum externum. --  Diomedea and Phoebastria have 
weak, shoulder-like tuberculum labri externi on the labrum exter-
num, and the area between the bilateral labrum externum is wide. 
 Thalassarche has straight labrum externum and the triangular 
area is narrow. The base of pila carinae is thin in Thalassarche. 
10）The labrum internum. --  Diomedea and Phoebastria have 
a small articular surface for the coracoid on the labrum internum.
Thalassarche has a laterally wide one. 

Coracoideum
(Figure 5; Plates 10, 11)
　Five points have been recognized.
11）The impressio ligamenti acrocoracohumeralis. --  Diomedea 
and Phoebastria have slight impressio ligamenti acrocoracohu-
meralis.  In Thalassarche,  this impression is clearly depressed. 
The marked impression of this ligament is regarded as the plesi-
omorphic feature in Diomedeidae by Mayr and Smith (2012). 
12）The angle of standing extremitas omalis coracoidei to the 
plane of corpus coracoidei, the medial view. --   The angle is 
relatively steep in Phoebastria.  Diomedea and Thalassarche 
have a gentle slope of standing extremitas omalis coracoidei. 
13）The corpus coracoidei. --  Diomedea and Phoebastria have 
wide corpus coracoidei.  It is obvious in Phoebastria especially. 
Thalassarche has a narrow corpus coracoidei, which is somewhat 
similar to the condition of non-diomedeid procellariiformes.  
14）The facies articularis sternalis, its medio-dorsal part. --  The 
dorsal lip is characteristic.  Phoebastria uniquely has projecting 
facies articularis sternalis. Thalassarche uniquely has laterally 
wide, platform-like facies articularis sternalis.  Diomedea shows 
the intermediate condition between Thalassarche and Phoebastria. 
15）The facies articularis sternalis, the total profile. --  Alba-
trosses commonly have the facies articularis sternalis in which 
the main medial area and a remote small one are isolated later-
ally.  The separated conditions are characteristic to each genera. 
 In Diomedea and Phoebastria the small lateral portion is insu-

Figure 2．The measurements and the distinction points on the dorsal 
surface of the skull of albatrosses.  

Figure 3．The measurements and the distinction points on the lateral 
and ventral surfaces of the skull and mandible of albatrosses.  

Figure 4．The measurements and the distinction points on the sternum
of albatrosses.  
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lated.  Thalassarche has long, medially extending facies articu-
laris sternalis on the dorsal surface of the coracoid, and then the 
distance between the main medial area and the lateral portion is 
close. 

Humerus
(Figures 6, 7; Plates 4, 5, 6, 9)
　Eighteen points have been recognized.
16）The angle created by the margin of crista deltopectoralis 
and the longitudinal direction of caput humeri. --  When the flat 
surface of margo caudalis - crista deltopectoralis area is placed 
flat to the face of the examiner, the angle created by the proximal
margo caudalis and the margin of crista deltopectoralis of each 
species are: Diomedea exulans, 25.5°; Phoebastria albatrus, 
28.2°; P. nigripes, 26.0°; and both Thalassarche spp., 29.5°. 
The results are not critical, but we may say: Diomedea shows a 
paralleling tendency; Thalassarche show a relatively high angle,
nearly 30°; and Phoebastria is in between.  This point might be 
useful to interpret the phylogeny of small species at least, as P. 
nigripes and Thalassarche species show obviously different 
angles. 
17）The cranio-caudal aspect of caput humeri. --  Diomedea 
and Phoebastria have the caput humeri highly prominent, and 
also the vertex locate shifting ventrally.  Thalassarche shows a 
low and neutral shape. 
18）The dorso-ventral aspect of caput humeri. --  Diomedea 
and Phoebastria show the profile being a perfect circle, or 
slightly thinner cranio-caudally.  It is low and relatively thicker 
cranio-caudally in Thalassarche. 
19）The tuberculum dorsale. --  Diomedea and Phoebastria 
have the tuberculum dorsale of which the facet for the insertion 

of m. supuracoracoideus face proximo-cranially.  The facet in 
Thalassarche faces totally cranial. 
20）The distal margin of tuberculum dorsale. --  In Diomedea 
and Phoebastria, the distal margin of tuberculum dorsale is 
smooth and lip-like.  Thalassarche has a sharp, crested margin 
there. 
21）The proximal terminating area of crista deltopectoralis in 
caudal surface, where is equal to the dorso-distal basal area of 
tuberculum dorsale. --  The area is sunken in Diomedea and 
Phoebastria, and then the crista deltopectoralis is relatively thinner.
Thalassarche has thiker crista deltopectoralis with no sinking.  
22）The apex of crista deltopectoralis. --  In Phoebastria, the 
apex hooks and projects dorsodistally and hangs over the distal 
part of the margin of crista deltopectoralis.  It goes dorsally and 
the hooking is slight in Thalassarche and Diomedea. 
23）The cranio-caudal aspect of crista bicipitalis. --  Diomedea 
and Phoebastria have the crista bicipitalis of which the proximal
region is straight and the profile curves strongly at the distal ter-
mination. Thalassarche has the profile of crista bicipitalis which 
swells out on the whole and has the vertex located at the middle.
This point is the reflection of Point 27. 
24）The facet for the insertion of m. subscapularis. --  In Dio-
medea and Phoebastria, this facet is located at the position being
slightly cranial to the proximal base of the tuberculum ventrale, 
and is not visible in the caudal surface of this bone.  In Thalas-
sarche, it is at the position relatively caudal, and the impression 
is visible in the caudal surface.  
25）The facet for the insertion of plicae synoviales coracoidea 
et scapularis, its position in contrast to the facet for the insertion 
of lig. acrocoracohumerale. --  The former facet is located 
proximo-dorsally to the latter facet in Diomedea and Phoebastria.
Thalassarche has the former facet located just proximal to the 
latter facet, and then the two facets form an 8-shaped arrangement. 
26）The linear impression of articular capsule of caput humeri, 
on the cranial surface. --  There is a part curving in proximally 
in Diomedea and Phoebastria.  It is straight and the line depresses
to form a groove in Thalassarche. 
27）The cranial bulge of crista bicipitalis, its cranial view. --  
Diomedea and Phoebastria have well expanded teardrop-
shaped cranial bulge of crista bicipitalis.  It swells out on the 
whole in Thalassarche but the degree is not stronger than the ex-
panded situation seen in Diomedea or Phoebastria. 
28）The insertion of m. pectoralis. --  In Diomedea and Phoe-
bastria, the fleshy insertion is limited only on the distal region 
of crista deltopectoralis.  Thalassarche has a fleshy insertion to 
the level more proximal to the apex of crista deltopectoralis.  
29）The shape of proc. supracondylaris dorsalis. --  Diomedea 
and Phoebastria have projecting proc. supracondylaris dorsalis, 
projects vertically from the shaft, or rather proximally dirrected. 
 The proc. supracondylaris dorsalis in Thalassarche is low and 
dull and is directed rather distally. 
30）The facet being on the proximal base of proc. supracondy-
laris dorsalis. --   Diomedea and Phoebastria have this facet on 
the cranial surface of proc. supracondylaris dorsalis, and then 
the profile of the process is not affected by this facet.  Thalas-
sarche has this facet on the basal region of the proximal margin 
of proc. supracondylaris dorsalis, and then the profile of the 
process is noched at this region.
31）The fossa olecrani. --  In Diomedea and Phoebastria, the 

Figure 5．The measurements and the distinction points on the coracoid
of albatrosses.  
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caudal margin of fossa olecrani curves in proximally and shows 
a gentle sigmoidal curve.  In Thalassarche, because of the 
weakly swollen caudo-distal corner of this bone, the fossa ole-
crani continues straight dorsally.  
32）The coupled tubercula on entepicondyle. --  Diomedea and 
Phoebastria have two tiny tubercula on the entepicondyle and 
the distance between the two tubercula is close.  Thalassarche 
has a prominent distal tuberculum, and the two tubercula are in-
dependent of each other. 
33）The depression inbetween the fossa m. brachialis and con-

dylus dorsalis humeri. --  The depression is clear and deep, 
deeper to the center in Phoebastria.  Shallow in Thalassarche.  
The condition in Diomedea seems similar to Thalassarche, but, 
because of the large sive, the feature is dull.  

Ulna
(Figures 8, 9; Plates 8, 9, 10)
　Ten points have been recognized.
34）The proximal end, especially in the cranial view. --  It does 
not expand in Diomedea and Phoebastria.  Thalassarche has a 
relatively large proximal end, which expands widely. 
35）The proximal extention of margo caudalis. --  It is 
straightly continuous from the olecranon in Phoebastria.  In 
Thalassarche, the crest is crooked at the point just distal to the 
olecranon.  The condition in Diomedea is similar to Thalassar-
che, but has two crooked points.  
36）The shaft. --  The shaft in Diomedea and Phoebastria does 
not change its size in contrast to the proximal end.  The shaft in 
Thalassarche is thin and looks delicate. 
37）The crus running in the cranial surface of the proximal end 
being between the cranial lip of cotyla ventralis and proximal 
termination of the linea intermuscularis. --  In Phoebastria, the 
crus is well-defined and bears a dorsally running ridge on it. 
The ridge is sharp in P. albatrus but slightly indistinct in P. 
nigripes.  The crus is dull in Thalassarche and Diomedean, and 
does not bear a ridge on it. 
38）The depression walled by the crus of Point 37 and the facies
articularis radialis. --  In Phoebastria, it depresses deeply as a 
whole, like a cooking pan.  Diomedea and Thalassarche have 
the depression that deepens to the center, like the bottom of a 
bowl. 
39）The small ridge which continues to the facies articularis 
radialis. --  It is sharp in Phoebastria.  In Diomedea and Thalas-
sarche, the ridge is wide and dull. 
40）The attachment of lig. collaterale ventrale. --  It is cranio-
dorsally wide in Diomedea and Phoebastria.  Thalassarche has 

Figure 7．The distinction points on the cranial surfaces of the proci-
malnd and the distal end of humerus. 

Figure 8．The measurements of the ulna and the distinction points 
on the caudal and cranial surfaces of the procimal ulna. 

Figure 6．The measurements of the humerus and the distinction 
points on the caudal and dorsal surfaces of the procimal humerus. 
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a narrow and long area of this attachment. 
41）The impressio m. brachialis. --  In Diomedea and Phoebas-
tria, it deepens proximally.  Thalassarche has shallowly deppress
on the whole.
42）The tuberculum carpale. –Phoebastria has a pointing pro-
jection.  The tip is round in Diomedea and Thalassarche. 
43）The projecting direction of tuberculum carpale, measured 
by the angle created by the direction of the tuberculum carpale 
and the line directed by the margin of condylus dorsalis ulnae 
when its dorsocaudal surface is placed horizontally; measured in 
distal view. --  Phoebastria uniquely had a relatively high angle,
50°.  It is relatively low-angled in Diomedea and Thalassarche, 
about 40°.  

Radius
(Figure 9; Plate 8)
　Two points have been recognized.  Both are in the distal end. 
44）The caudal margin of distal end. --  It expands drastically at
the end in Phoebastria.  Diomedea and Thalassarche, especially 
Diomedea, have a gentle expansion starting from the slightly 
proximal level.  
45）The cranial border of sulcus tendineus. --  It is clear in Di-
omedea and Phoebastria.  It is weak in Thalassarche, because 
of the swollen cranial region of the distal end.  

Carpometacarpus
(Figure 9; Plate 10)
   Notwithstanding its complex morphology, few characteristics 
were recognized to be intergenetic.  Only one point has been 
recognized.
46）The os metacarpale majus. --  In Diomedea and Phoebastria,
the shaft is straight and the thickness does not change through-
out.  In Thalassarche, it is tapering off toward the distal end.

Pelvis
(Figure 10; Plates 12, 13)
   Only one point has been recognized.  
47）The number of thoracic elements (the ones bearing massive
proc. transversus) in anterior synsacrum. --  The results of counting
are: P. albatrus, 5; Thalassarche species, both, 6; D. exulans 
and P. nigripes have small proc. transversus in the 6th vertebra, 
and the condition should be counted as 5.5.  We may say that 
Thalassarche has massive proc. transversus in 6 anterior verte-
brae of synsacrum, whereas Phoebastria and Diomedea have 5, 
or tending to be 5, anterior vertebrae which have massive proc. 
transversus.  Farther investigation is awaited. 

Femur
(Figure 11; Plate 14)
　Four points have been recognized.
48）The crista trochanteris. --  In Diomedea and Phoebastria, it 

Figure 10．The measurements and the distinction points on the pelvis.

Figure 11．The measurements and the distinction points on the femur.

Figure 9．The measurements and the distinction points on the radius 
(left) and carpometacarpus (right), and the distinction points on the 
diatal ulna (median).
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is straight in anterior view, and its medial margin continues to 
the linea intermuscularis cranialis.  Thalassarche has medially 
swollen crista trochanteris, and then the proximal linea intermus-
cularis cranialis carries into the distal crista trochanteris.  
49）The impressiones obturatoriae. --  It is flat in Diomedea and
Phoebastria. Thalassarche has depressed impressiones obturatoriae. 
50）The condylus lateralis. --  Diomedea and Phoebastria have 
clearly ridged crista tibiofibularis.  Thalassarche has teardrop-
shaped condylus lateralis of which crista tibiofibularis is faded. 
 
51）The depression being just proximal to the trochlea fibularis 
in the posterior surface of distal end. --  In Diomedea and Phoe-
bastria, the depression is shallow.  Also in these genera, the de-
pression is separated from fossa poplitea by the crus which is at 
the position just proximal to the condylus lateralis.  Thalassarche
has a relatively deep depression, and the crus separating this 
from fossa poplitea is weak and two depressions are continuous. 

Tibiotarsus
(Figure 12; Plates 14, 15)
　Four points have been recognized.  Most of them are in the 
distal end, and are mostly (points 57 -62) seen in the distal end 
view. 
52）The crista fibularis. --  It is short in Diomedea and Phoe-
bastria.  The distal termination is at the position of the foramen 
nutriens.  In Thalassarche, it is long, reaching much distal to the 
foramen nutriens. 
53）The pointed proximal end of crista cnemialis cranialis. --  
In Diomedea and Phoebastria, the pointed end has a notch at 
the posterior surface of the tip, and then the profile is dented in 
the lateral view.  Thalassarche does not have this notch and the 
lateral view is round.  
54）The roughened surface of the medial surface of crista cne-
mialis cranialis. --  Uniquely, Diomedea has a wide roughened 
surface as distal as reaching the proximal shaft.  It is not strong 
in the other two genera. 
55）The crista cnemialis lateralis. --  On the anterior surface, 
Diomedea and Phoebastria have a groove at the lateral marginal
position.  Thalassarche does not have such groove. 
56）The triangular terrace just proximal to the condylus lateralis
on the anterior surface. --  In Diomedea and Phoebastria, the 
terrace is developed and observable in the distal end view.  Tha-
lassarche has an undeveloped flat one. 
57）The general view of the articular surface of distal end. --  
In Diomedea and Phoebastria, it is laterally narrow.  Thalassar-
che has a wide articular surface, that means the distal end ex-
pands laterally from the shaft.  
58）The condylus lateralis. --  In Diomedea and Phoebastria, 
the medial side is sunken, and has a median ridge.  Thalassarche
has swollen condylus lateralis and does not have such a ridge on 
it.  
59）The condylus medialis. --  Diomedea and Phoebastria have
long and straight medial border. In Thalassarche, the medial 
border bends at the middle. 
60）The angle created by the direction of the bottom of sulcus 
intercondylaris and the direction of the posterior surface of distal
end, observed and measured in the distal end view. --  Diome-
dea and Phoebastria are relatively high-angled, whereas it is 
relatively low-angled in Thalassarche. 

61）The bottom of trochlea cartilaginis tibialis. --  Diomedea 
and Phoebastria have a weak but obvious ridge in the median 
area of trochlea.  Thalassarche has an almost flat median bottom.
62）The lateral margin of trochlea cartilaginis tibialis. --  It is 
sharp and thin in Diomedea and Phoebastria.  Thalassarche has 
a shallow trochlea and the margin is massive.  

Tarsometatarsus
(Figures 13, 14; Plates 15, 16)
　Eleven points have been recognized.  
63）The general condition in craniodorsal aspect. --  In Diome-
dea and Phoebastria, the proximal and distal ends do not ex-
pand drastically from the shaft.  Thalassarche has an expanded 
profile in two ends.  This point distinguishing Thalassarche 
from Diomedea and Phoebastria is also reported by Olson and 
Rasmussen (2001). 
64）The shaft. --  In Diomedea and Phoebastria, the shaft is an-
teroposteriorly thick, and then the transversal sapect resembles a 
square.  Thalassarche has a slightly thin shaft, and its transversal 
sapect resembles a rectangle laterally long. 
65）The cotylae lateralis et medialis. --  They are compact and 
deep in Diomedea and Phoebastria.  Thalassarche has wide and 
shallow ones.  
66）The eminentia intercotylaris. --  It is highly prominent in 
Diomedea and Phoebastria.  Thalassarche has low eminentia in-
tercotylaris, and it is about the same height as the peak of the 
medial margine of cotyla medialis. 
67）The fossa infracotylaris dorsalis. --  In Diomedea and Phoe-
bastria, the proximal slope of depression deepens gradually.  In 
Thalassarche, it deepens dramatically from the proximal margin, 
like a cooking pan.  
68）The position of proximal foramina. --  The distance be-
tween the proximal margin of fossa infracotylaris dorsalis and 
the proximal foramina is proronged in Diomedea and Phoebas-

Figure 12． The measurements and the distinction points on the tibiotarsus.
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tria.  It is short in Thalassarche.  
69）The impressio retinaculi extensorii. --  It is obvious in Dio-
medea and Phoebastria, whereas faded in Thalassarche.  
70）The medial portion of hypotarsus. --  In Diomedea and 
Phoebastria, the line formed by the crista medialis hypotarsi 
and the crista medianoplantaris runs along the medial position 
at the very margin of the posterior shaft.  Thalassarche has the 
line relatively median, and then the medial surface of the shaft 
is observable in the posterior view.  
71）The crista medianoplantaris. --  In the medial view of the 
hypotarsus, the condition of the crista medianoplantaris is char-
acteristic.  In Diomedea and Phoebastria, the crista rises at a 
relatively high angle (27°) from the posterior shaft.  Also in 
these genera both crista medianoplantaris and crista medialis hy-
potarsi have a straight margin in medial view, and these two 
lines contact at the angle 130 - 135°. Thalassarche has the crista 

medianoplantaris which rises gradually with low angle (10°) 
from the shaft.   The crista medianoplantaris and crista medialis 
hypotarsi form a round medial profile and these two portions 
look continuous at a glance.  
72）The condition of crista intermedia hypotarsi. --  The crista 
is weakly developed in Diomedea and Phoebastria, and then the 
sulcus hypotarsi medial next to the crista intermedia hypotarsi is 
widely open. In Thalassarche, the crista develops and the me-
dial sulcus is overhanged by the medial margin of this crista.  
73）The trochlea metatarsi III. --  In the anterior view, the me-
dial and lateral margins of trochlea are nearly parallel in Diome-
dea and Phoebastria. Thalassarche has the trochlea distally 
widened, and then the view of the trochlea from the distal end is 
barrel-shaped.  

Concluding remarks:

osteology-based phylogenetic analysis of 
“Diomedea” genera

　Recently, the progress of molecular phylogeny is remarkable 
and provides good opportunities to reconsider morphological 
classification.  The recent movement on the taxonomy of alba-
trosses is its good example.  The classification that lumped alba-
trosses into “Diomedea” and Phoebetria used to be widely 
accepted, but is overturned and, far from that, “Diomedea” was 
revealed as a paraphyletic group (Nunn et al., 1996).  
   The 73 points described in this study is concluded as the com-
bination of : 60 points shared by Diomedea and Phoebastria, 9 
points shared by Diomedea and Thalassarche, 1 point shared by 
Phoebastria and Thalassarche, and 3 points of Diomedea show 
the intermediate features between Phoebastria and Thalassarche. 
Based on this result, Diomedea and Phoebastria showing high 
commonality and must be in a clade, whereas Thalassarche 
should be separated as the sister group of the Diomedea-Phoe-
bastria clade.  
　We have a key fossil Tydea septentrionalis, a stem group rep-
resentative of Diomedeidae from the early Oligocene (30‐31 
Ma) of Belgium reported by Mayr and Smith (2012).  Consider-
ing the features borne in Tydea septentrionalis, such as the 
Thalassarche-like condition of the processus acrocoracoideus of 

Figure 14．The distinction points on the tarsometatarsus. 

Figure 13．The measurements and the distinction points on the 
tarsometatarsus.

Figure 15．The osteology-based phylogeny of albatrosses.  
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coracoid and the marked impressio ligamenti acrocoracohu-
meralis which is plesiomorphic in Diomedeidae (Mayr and 
Smith, 2012), we are guided to conclude that: Thalassarche is 
in the most primitive state among “Diomedea” genera and the 
clade including Diomedea and Phoebastria derived from the 
clade of Thalassarche.  It is enigmatic that 9 points are shared 
in the largest Diomedea and the smallest Thalassarche if the os-
teology is controlled by the function.  It might be regarded that 
Diomedea is in a relatively primitive state in the Diomedea-
Phoebastria clade whereas Phoebastria is the most advanced 
among three “Diomedea”genera.
　If we treat the 73 points equivalently, the phylogenetic rela-
tionship of albatrosses is as in Figure 15.  This result matches 
well to the current view (Nunn et al., 1996) of the phylogeny of 
albatrosses.  Phoebetria, though this study did not examine the 
osteology in detail, because of its impressively short sternum, 
seems to be much more derived than “Diomedea” and derived 
from it.  The ancestor of Phoebetria must be Thalassarche.  The 
next subject will be the osteology of Phoebetria, which is ex-
pected to bear the combination of Thalassarche-like primitive 
condition and uniquely derived features.  
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アホウドリ類3属 Diomedea・Phoebastria・Thalassarche の比較骨学

松岡廣繁1 ・長谷川善和2

1京都大学大学院理学研究科地球惑星科学専攻地質学鉱物学教室：〒606-8502　京都市左京区北白川追分町
2群馬県立自然史博物館：〒370-2345　群馬県富岡市上黒岩1674-1

要旨： 現在もっとも受け入れられている分類では，アホウドリ科の現生属にはDiomedea・Phoebastria・Thalassar-
che・Phoebetriaの4属が存在する．これらのうちPhoebetriaを除いた3属は，最近まで形態的に広義のDiomedea（こ
こでは“Diomedea”と表記する）に纏められていた．骨学的にも，Phoebetriaは他の3属に対して特異で，古生物学
の分野でも多くの化石が“Diomedea”と同定されてきた．“Diomedea”が分割されるべきことが明らかになった今
日でも，Diomedea・Phoebastria・Thalassarcheの3属が骨学的に判別可能かどうかの検討はほとんどなされておら
ず，アホウドリ類の進化史復元に大きな問題となっている．そこで本研究はDiomedea exulans（ワタリアホウド
リ） ，Phoebastria albatrus（アホウドリ） ，Phoebastria nigripes（クロアシアホウドリ） ，Thalassarche melanophris（マユ
グロアホウドリ） ，Thalassarche chlororhynchos（ニシキバナアホウドリ）の骨格標本を用い，この3属が骨学的に判
別可能であるかを検討した．結果，主要骨格要素に合計73ヶ所に判別点を認めた．その分布には要素や部位に
よって多寡があるが，この3属は骨学的に十分判別可能であることを示している．判別点73のうち60ヶ所でDio-
medeaとPhoebastriaは共通した特徴を有し，両者の強い近縁性を示している．一方それらが成すクラスターは
Thalassarcheとは明瞭に区別される．中でも，PhoebastriaとThalassarcheとで共通するのは1ヶ所しかない．化石属
の基幹的アホウドリ類の形態を考慮すると，3属中ではThalassarcheが原始形質を示し，DiomedeaとPhoebastriaか
らなるクレードがこれから派生したものと考えられる．Diomedea とThalassarcheとに共通し，Phoebastriaが異
なった特徴を示す点が9か所あるが，Diomedea は超大型種でありThalassarcheはアホウドリ類の中では最小で，
これらの類似点は機能上の収斂とは考えがたく，奇妙なことである．ここでは，DiomedeaとPhoebastriaからなる
派生的クレードの中ではDiomedeaにはいくらかの原始形質が遺存する一方，Phoebastriaが最も派生的だと考え
た．本研究を基礎として，Phoebetriaを含めてアホウドリ科内の骨学的研究を進めるならば，化石種のより正しい
同定が可能となり，進化系統の復原に重要な基礎情報となるであろう．
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Plate captions

Plate 1: Comparison of the lateral view of the skulls of albatrosses.  From the top to the bottom, they are: Thalassarche chlororhynchos, 
Phoebastria albatrus (these two have the mandibles in articulation) and Phoebastria nigripes, Diomedea exulans and Thalassarche 
melanophris.   

Plate 2: Comparison of the dorsal and ventral surfaces of the skulls, between Phoebastria, Diomedea and Thalassarche.  

Plate 3: Comparison of the ventral and lateral views of the sternums of Phoebastria, Diomedea and Thalassarche albatrosses.  

Plate 4: Comparison of the humerus of Diomedea exulans and Phoebastria albatrus.  The caudal and cranial views of right humeri. 

Plate 5: Comparison of the humerus of Phoebastria nigripes, Diomedea exulans, Thalassarche melanophris and T. chlororhynchos, 
together with  Macronectes giganteus (Procellariidae).  The caudal and cranial views of right humeri. 

Plate 6: Comparison of the dorsal and ventral surfaces of the proximal humeri, between Phoebastria, Diomedea and Thalassarche.  
From the top to the bottom, the three rows are: cranial, caudal, and dorsal surfaces of the right humeri.  

Plate 7: Comparison of the ulnae of albatrosses.  From the left to right, they are: Diomedea exulans, Phoebastria albatrus, P. nigripes,
　　　 Thalassarche melanophris and T. chlororhynchos.   

Plate 8: Comparison of the dorsal surface of the ulnae and dorsal and cranial surfaces of the radius of albatrosses.  From the left to right, 
they are: Diomedea exulans, Phoebastria albatrus, P. nigripes, Thalassarche melanophris and T. chlororhynchos.  

Plate 9: Comparison of the distal end of the humerus and proximal and distal ends of ulna, between Phoebastria, Diomedea and Thalassarche. 
　　　 From the top to the bottom, the three rows are: the cranial and ventral views of the distal ends of humerus, caudal and cranial views 

of proximal ends of ulna, and dorsal views of distal ulnae.  The right bottom area of the plate is the distal end views of right ulna. 
Diomedea exulans, Phoebastria nigripes and Thalassarche melanophris are shown as the genetic representatives.  All scale bars 
are 5 cm long, and each bars correspond to the transversal rows.  

Plate 10: Comparison of the coracoid and carpometacarpus between Phoebastria, Diomedea and Thalassarche.  The left and right figures of 
coracoids are the ventral and dorsal surfaces.  The top and bottom figures of carpometacarpi are the ventral and dorsal surfaces.  

Plate 11: Comparison of the coracoid in three views between Phoebastria, Diomedea and Thalassarche.  The medial lateral, and basal views 
from the top to the bottom.  The species are: Diomedea exulans, Phoebastria nigripes, Thalassarche melanophris and T. chlororhyn-
chos.  All scale bars are 5 cm long, and each bars correspond to the transversal rows.

Plate 12: Comparison of the pelvis between Phoebastria, Diomedea and Thalassarche. Dorsal views.  They are: Diomedea exulans, Phoebas-
tria albatrus, P. nigripes, Thalassarche melanophris and T. chlororhynchos.  

Plate 13: Comparison of the pelvis between Phoebastria, Diomedea and Thalassarche. Diomedea exulans, Phoebastria albatrus, P. nigripes, 
Thalassarche melanophris and T. chlororhynchos.  Ventral views.

Plate 14: Right femurs and right tibiotarsi of Diomedea exulans, Phoebastria albatrus, P. nigripes, Thalassarche melanophris and T. chlo-
rorhynchos, from the left to right.  Femurs are in anterior and posterior views, and tibiotarsi are in medial and posterior views. 

Plate 15: Right tibiotarsi and right tarsometatarsi of Diomedea exulans, Phoebastria albatrus, P. nigripes, Thalassarche melanophris and 
T. chlororhynchos, from the left to right.  Tibiotarsi are in anterior and distal end views, and tarsometatarsi are in anterior 
(dorsal), posterior (basal), and views from the top to bottom.  

Plate 16: The close up figures of right tarsometatarsi of Diomedea exulans, Phoebastria nigripes, Thalassarche melanophris and T. chlororhyn-
chos, from the left to right.  From the top to bottom, figures of each species show the proximal articular surface, medial, anterior, and 
posterior views of proximal end, the anterior view of the distal end, and the distal articular surface of right tarsometatarsus. 
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Plate 1
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Plate 2
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Plate 3
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Plate 4
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Plate 5
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Plate 6
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Plate 7
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Plate 8
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Plate 9
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Plate 10
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Plate 11
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Plate 12
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Plate 13



MATSUOKA Hiroshige and HASEGAWA Yoshikazu62

Plate 14



Comparative osteology of albatrosses 63

Plate 15



MATSUOKA Hiroshige and HASEGAWA Yoshikazu64

Plate 16


