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ABSTRACT

The currently accepted albatross taxonomy, based on characters of external morphology, plumage pat-
terns, tail shape, bill size and coloration, organigation of the plates of the bill, and, more recently,
molecular data such as cytochrome-b gene sequences, resulted in a division of the family Diomedeidae into
Jfour genera: Diomedea, comprising the great albatrosses; Phoebastria, #he North Pacific albatrosses;
Thalassarche, the mollymawks; and Phoebettia, the sooty mollymawks. However, there are only a
Jfew, old studies on albatross osteology, which focused mostly on supra-generic relationships. Research on
the group’s taxonomy and anatomy is important in order to establish a secure basis for the identifica-
tion of each species, including the differences between males, females and specimens of different ages,
and also to verify anatomic characters which might be found useful for phylogenetic analysis based on
morphological markers. In the present study, 63 skulls of Diomedea and Thalassarche albatrosses
were analyzed and compared, thus establishing topographic correspondences and determining primary
homologies, these resulting in: (a) the finding of no pattern of anatomical variation related to sex and age
Jor both 'T. melanophtis and for T. chlorothynchos; (b) the assessment of eight cranial landmarks
separating the genera Diomedea and Thalassarche; (¢) the recognition of 13 cranial landmarks dif-
Jfering among 'T. melanophris, T. chlororhynchos and T. cauta; (d) the re-identification of several
specimens based on skull characters. The characters here presented for the genera and species, along with
Sfurther anatomical research on the skull of the Diomedeidae, including the genera Phoebetria and
Phoebasttia, #ay help to enlighten relationships within the family.
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INTRODUCTION in the genera Diomedea, Phoebastria, Thalassarche and

Phoebetria Nunn et al., 1996). Of the 21 species of

The albatrosses are large seabirds belonging to  albatrosses currently considered, nine are classified

the family Diomedeidae, with the species distributed  as Endangered, two of which considered Critically
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Endangered. The main threat to these species is long-
line fishing, operated on a large scale in the southern
oceans since the 1950%, with ever-increasing seabird
by-catch (BirdLife International 2004; Favero ef al.
2003, Neves ¢z al. 2003, Tuck ez al. 2003).

The number of albatross genera has varied no-
tably during the group’s taxonomic history. All known
species were described in the genus Diomedea by Lin-
naeus (1758), these being reviewed only in 1853, when
Reichenbach, through an analysis of external morphol-
ogy, bill measurements and wing-tail proportions, erect-
ed the genera Phoebetria, Phoebastria and Thalassarche.

Coues (1866), based on characters of the hind
limbs and nares, established the present families Dio-
medeidae and Procellariidae. Inso doing, Coues (gp. ¢it.)
rejected two of the genera proposed by Reichenbach
(1853) (Phoebastria and Thalassarche), subsuming them
into  Digmedea. Other authors, however, disagree-
ing with the treatment presented by Coues (gp. ¢it.),
proposed new genera for the albatrosses: Baird ez a/.
(1884 apud Nunn et al,, 1996), based on characters
of the bill, created the genus Thalassageron; Mathews
(1912 gpud Nunn et al., 1996) described Diomedella and
Nealbatrus, also accepting Thalassarche Reichenbach,
1853; and Murphy (1917) erected Rothonia.

Mathews (1934), in a revision of the entire
family, admitted the existence of eight genera. Later,
Mathews and Hallstrom (1943 apud Nunn et al., 19906)
created a monotypic genus, Julieata, comprising only
J. irrorata, an equatorial species. In 1948 Mathews
himself rejected his arrangement of the albatross
genera, and subsumed all the known species in the
genus Diomedea Linnaeus. In the following year, Boet-
ticher (1949 in Jouanin & Mougin, 1979) described
three new genera, Galapagornis, Laysanornis and Penthi-
renia for the taxa Diomedea irrorata, Diomedea immmuntabilis
and Diomedea nigripes, respectively. The story became
even more complicated when, in 1965, Alexander

¢t al., reestablished Coues’ (1866) original proposi-
tion, accepting as valid only the genera Phoebetria and
Diomedea. 1t is important to note that all cited authors
based their conclusions on characters of external
morphology, comparing plumage patterns, tail shape,
bill size and coloration, besides the organization of
the plates of the bill.

In 1996 Nunn ez al. presented a first phylogeny
of the family, based on cytochrome-b sequences,
thus redefining the genera Diomedea and Phoebetria and
restoring Phoebastria and Thalassarche. This work has
been largely accepted, and even corroborated (Pen-
hallurick, 2004). To date there has been no change
in the generic level, nor any family revision based on
morphological data (see Table 1 for a historic of the
albatross taxonomy).

Despite being a fairly well-studied group, espe-
cially as to behavioral aspects, including migratory
movements, there are only a few, studies on albatross
osteology. These in the majority focused mostly on
supra-generic relationships (eg. Beddard 1898 and
Alexander ez al. 1965). Utilizing only one or two spe-
cies of the family, these studies dedicated little atten-
tion to intra and/or interspecific variations, and since
then there has been no analysis of the anatomical
characters present in the Diomedeidae for inferring
phylogenies. The two exceptions are an old and de-
tailed work on the osteology of the Order Procellari-
iformes, by Pycraft (1899) and a study by Wilkinson
(1969), in which the author described a fossil species,
Diomedea thyridata, based on a bill fragment from an
Upper Miocene deposit in Australia. This description
was accompanied by a brief comparison of the bill
structure of the fossil with several extant albatrosses.

In view of the delicate situation in which several
albatross species are found, especially regarding their
conservation, research on the group’s taxonomy and
anatomy is important, in order to establish a secure

TABLE 1: Taxonomic balance of the Diomedeidae genera (Modified from Nunn ¢z 4/, 1996).

Author

Genera and modifications

Linnaeus (1758)
Reichenbach (1853)

Coues (1866)

Baird ez al. (1884)

Mathews (1912)

Mutphy (1917)

Mathews (1934)

Mathews & Hallstrom (1943)
Mathews (1948)

Boetticher (1949) in Jouanin & Mougin (1979)
Alexander ez al. (1965)

Nunn ez al. (1996)

Diomedea gen. nov.

Thalassarche gen. nov.; Phoebastria gen. nov.; and Phoebetria gen. nov.
Includes Thalassarche and Phoebastria in Diomedea

Thalassageron gen. nov.

Restores Thalassarche; Diomedella gen. nov.; Nealbatrus gen. nov.
Rothonia gen. nov.

Restores Phoebastria

Includes Rothonia in Diomedea, transfers taxa from Phoebastria to Julieata gen. nov.
Includes all albatrosses in Diomedea

Galapagornis gen. nov.; Laysanornis gen. nov.; Penthirenia gen. nov.
Distributes all albatrosses among Diomedea and Phoebetria

Restores Thalassarche and Phoebastria
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basis for identification of each species, including the
differences between males, females and specimens of
different ages, and also to verify anatomic characters
which might be found useful for phylogenetic analysis
based on morphological markers. These are the ob-
jectives of the present study.

MATERIALS AND METHODS

The osteological material used in the present
study consists of 63 skulls of Diomedeidae from the
following species (number of specimens between
brackets): Diomedea dabbenena (4), D. epomophora (1),
D. exulans (7), D. sanfordi (1), Thalassarche caunta (1),
T chlororbynchos (12), and T. melanophris (37) (see Ap-
pendix II for a detailed list of the material). This
material belongs to the ornithological collections of
the Museu de Zoologia da Universidade de Sio Paulo
(MZUSP), the Departamento de Zoologia do Insti-
tuto de Biociéncias, Universidade de Sao Paulo (AZ),
the Fundag¢ao Universidade do Rio Grande (FURG),
and the Museu Oceanogtrafico do Vale do Itajaif, Uni-
versidade do Vale do Itajai (MOVI). See also the sec-
tion Re-identifications.

The skull of an adult specimen of Thalassarche
melanophris was studied and then compared with other
skulls of the same species, assorted according to sex
and age class. These were then compared with the
skulls of other species of the same genus. When pos-
sible, these were also separated according to sex and
age (e.g., T. chlororhynchos). Finally, the comparison was
extended to skulls of species of the genus Diomedea.

Photographs were taken by FVD using Sony
Mavica and Canon PowerShot S70 digital cameras,
and processed with Adobe Photoshop CS2.

The nomenclatute used for the species of Dio-
medeidae follows Robertson & Nunn (1998) and
Burg & Croxall (2004). For the osteological compo-
nents we followed Baumel & Witmer (1993) and Zusi
& Livezey (2000).

RESULTS

Ossa cranii: os frontale, os parietale, os
lacrimale, os ectethmoidale, os mesethmoidale

Thalassarche melanophrisand T. cantapresentarect-
angular gap in the contact region between the frontal
and nasal bones (RG: Figs. 1-3). This gap presents
a variable size, and in some specimens (e.g. MZUSP
83, MZUSP 107) may even be occluded, being little

conspicuous in T. chlororhynchos. In representatives of
the genus Diomedea this fissure is absent. The medium
portion of the frontal bone shows a clear narrowing,
in which paired, deep and extensive fossae glandu-
laris nasalis are present (FGN: Figs. 1 and 2). Between
these fossae, in T. melanophris and T. chlororhynchos, there
is a longitudinal groove with a similar extension. In
general the larger the distance between the fossae the
shallower the groove. In T. cauta the distance between
the fossae is notably larger, although the groove is still
evident (Fig, 3). In the skull of Diomedea, on the other
hand, this groove is nearly absent.

In T. canta, T. chlororhynchos and in the repre-
sentatives of Diomedea, the caudal portion of the
fossa musculorum temporalium is slightly rounded
(Fig. 23), whereas in T. melanophris it forms an acute
angle with the crista nuchalis transversa (Fig. 22). Ad-
ditionally, in T. cauta there is a vertical crest over part
of the prominentia cerebellaris, this originating from
the crista nuchalis transversa (VCP: Figs. 3 and 23).

In the representatives of Thalassarche, the supra-
orbital process of the lacrimal is wide and robust, with
the lateral edge being slightly rounded. In its lateral
portion, medially there is a discrete crest (CtSOPr:
Fig. 27), not occuring in Diomedea. In . melanophris the
orbital process of the lacrimal is long and much pneu-
matized, its ventral portion being free, not contact-
ing the ectethmoid but contacting the jugal bar (OPr:
Figs. 6 and 18). In its proximal portion there are two
crests, superior (not always conspicuous) and inferior.
The inferior crest presents a discrete groove along its
length (IC+OPr: Fig, 27). Articulating with this groove
there is a cylindrical-shaped sesamoid bone (SE:
Fig. 18). The superior crest is much reduced in repre-
sentatives of Diomedea and in T. chlororhynchos, the infe-
rior crest being absent (the sesamoid then articulates
through a recess in the rostral edge of the process).

The ectethmoid contacts medially with the ros-
tral portion of the interorbital septum. The facies
nasalis presents a horizontal projection, perpendicu-
lar to the plane formed by the bone, and which runs
through the whole extent of the ectethmoid. The
facies also presents a round, shell-shaped crest in its
distal portion (E: Fig. 7). The facies orbitalis is plain,
and, in the representatives of genus Thalassarche, the
distal end has a sharp, caudally-pointed projection (E:
Figs. 4-5 and 8), which is absent in the representatives
of Diomedea. In some of the skulls of T. chlororhynchos
(AZ 749, PM 225), in T. canta and in the representa-
tives of Diomedea, the mesethmoid presents the fon-
ticuli orbitocraniales (FOc: Figs. 9-14), whose aper-
ture is widely variable. This structure is occluded by a
bony wall in T. melanophris.
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Os parasphenoidale, os basisphenoidale,
os laterosphenoidale, os squamosum

In the species of the genus Thalassarche, the
tuba anditiva forms an open fissure in almost its entire
lenght, being covered (thus forming a bony tube) only
at the caudal end. In representatives of genus Diomed-
ea (except D. sanfordi) some pneumatic foramina are

present at the proximal end of the structure.
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FIGURE 1: Thalassarche melanophris IMZUSP 3): dorsal view. FGN
— fossae glandularis nasaliss RG — rectangular gap of frontal-nasal
articulation.

FIGURE 2: Thalassarche melanophris (MZUSP 3): dorsal view of
caudal region. FGN — fossae glandularis nasalis; RG — rectangular gap
of frontal-nasal articulation.

FIGURE 3: Thalassarche canta MOVI33262): dorsal view of caudal
region. FGN — fossae glandularis nasalis;y RG — rectangular gap of
frontal-nasal articulation; VCP — vertical crest of the parietals.

FIGURE 4: Thalassarche melanophris (MZUSP 3): lateral view. E
— ectethmoid; SMPt — suprameatic process.

FIGURE 5: Thalassarche melanophris (MZUSP 3): lateral view of
caudal region. CPrM — caudal process of the maxilar; E — ect-
ethmoid; LaCho — lateral-dorsal expansion of the palatine; SMPr
— suprameatic process.

FIGURE 6: Thalassarche melanophris (MZUSP 1119): lateral view.
OPr — orbital process of the lacrimal; SMPr — suprameatic
process.

FIGURE 7: Thalassarche melanophris MZUSP 3): lateral view. CBM
— curved blades of the maxilla; E — ectethmoid; LaCho — lateral-
dorsal expansion of the palatine.
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The lamina parasphenoidalis has, in all of the
analyzed species, a slightly triangular shape, with the
lateral process occupying the two caudal vertices.
Round-shaped basal tubercles are also present but
not conspicuously (BT: Figs. 15-16). The crest in the
median region of lamina parasphenvidalis, present in
T. melanophris and . chlororhynchos, is reduced in T. can-
ta and in some specimens of Diomedea.

In Thalassarche there is a small crest on the me-
dian part of the laterosphenoid. This crest begins
rostrally at the caudal edge of the foramen opticum
and extends towards the orbit’s superior edge, where
it then turns and continues to the postorbital process
region (CrLS: Fig, 19). In the contact region between
the laterosphenoid and the frontal bones, there is a
cleft that begins close to the caudal edge of the olfac-
tory nerve foramen and follows to the crest described
above (CILS: Fig. 19). In representatives of the genus
Diomedea, the olfactory nerve foramen is partially or
completely enclosed by a bony plate that extends to
the ectethmoid, whereas the dorsal cleft of the lateros-
phenoid begins from a foramen that communicates
with the fossa glandularis nasalis (CILS: Fig. 20).

In T. melanophris, caudally to the squamosal coty-
la, the suprameatic process of the squamosal, a small
rounded protuberance, forms part of the laterocaudal
wall of the cotyla itself (SMPr: Figs. 4-6). In 1. canta
and T. chlororbynchos, the suprameatic process is nota-
bly smaller (SMPr: Figs. 9 and 21). This structure did
not vary in the other studied specimens.

Os basioccipitale, os exoccipitale,
os supraoccipitale

Along the fossa subcondylaris of the basioccipital,
Thalassarche canta presents a discrete, rostrally oriented
crest which is absent in all the other studied speci-
mens. In T melanophris and T. cauta there is a process
lateral to the occipital condyle, located between the fos-
sa parabasalis and the fossa subcondylaris (Figs. 15-16 and
22). This structure shows a high degree of variation
in size among the studied specimens; however, this
variation does not follow any sexual or age pattern.
In T. chlororhynchos this structure is reduced or absent,
being also absent in representatives of Diomedea.

Ossa faciei: os nasale, os
premaxillare, os maxilare

The size of the nare openings is highly variable
in all the species, without any correlation as to sex or

age of the specimens. In T. caunta and T. chlororhynchos
these openings are, in general, smaller that those pres-
ent in T. melanophris (Figs. 9-12).

In the representatives of Thalassarche, in the
caudoventral portion of the maxilla, in the contact
region with the palatine bone, two small, blade-edged
fissures, forming a “V” shaped cleft, are present
(VEM: Figs. 15-17). These blades are curved medi-
um-dorsally, forming a tubular space in the bill region
(CBM: Figs. 7-8). In this region there are four open-
ings formed by the ventral portion of the maxilla, the
lateral-ventral region of the nasal bone and the ros-
trodorsal portion of the palatine (COM: Fig, 24). The
two most lateral openings are vertically aligned, with
the jugal bar extending between them (Fig, 24). The
superior opening is elliptic shaped, with the longer
axis in the vertical position, while the inferior open-
ing is of an irregular shape. The other two openings
are medial, the inferior one presenting an obliterated
bottom, while the superior one, along with the other
two lateral openings, gives access to the pneumatized
chamber inside the bill (Fig. 24). In the caudal-ventral
end of the upper jaw there is a thin process that ex-
tends caudally over the rostral portion of the palatine
(CPtM: Figs. 5 and 8).

On the other hand, in representatives of Dio-
medea the openings present a different size and align-
ment. The assemblage is slightly rotated to the medial
region, in such a way that the openings are in lateral,
superior, medial and inferior positions, corresponding
to the lateral inferiot, lateral superior, medial superior
and medial inferior openings in T. melanophris. The
lateral superior opening, in T. melangphris, is the small-
est, whereas in the Diomedea it is the most developed,
being separated from the medial superior opening
by a small bone column (absent in some specimens,
e.g. MOVI 06610, MOVI 10335 and MOVI 13335;
Figs. 25-26).

Os palatinum, os pterygoideum,
os jugale, os vomer

In T. melanophris the palatine articulates rostro-
ventrally with the upper jaw through its maxillary
process in a flat contact region (MPtP: Fig, 15-17).
Still in the ventral region, in the medial portion the
palatine presents a conspicuous lateral-ventral pro-
cess (LvPrP: Figs. 15-17). Also evident is the ventral
crest, which delimits the edge of the fossa choanalis,
followed laterally by the fossa medialis (Figs. 15-17).
Dorsally to the lateral crest there is the /lamella cho-
analis, which is a conspicuous, shell shaped, lateral
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expansion of pars choanalis that almost reaches the
ectethmoid (LLaCho: Figs. 5 and 7-8). This dorsal
expansion of the palatine covers the entire ventral
surface of the interorbital septum, and extends in-
wards to the upper maxilla. This expansion also
bends ventrally, and its rostral end, similat to a small
process, is visible through the palatine fenestra (RoP:
Figs. 15-18).

In T. cauta the lateral-ventral process of the
palatine is highly reduced. In T. melanophris the dorsal
extension of the palatine presents a flat profile when
viewed in cross-section. In T. cauta this structure is
much deeper, assuming a “V” shaped profile. The vo-
mer is absent in all the species studied.

Ossa mandibulae

Medial and lateral cotylae are visible in the ar-
ticular region of the mandible in species of the genus
Thalassarche. The intercotylar tubercle is present in a
slightly rectangular shape (IT: Fig, 28). Also present is
the medial mandibular process, with a foramem pneu-
maticum (MPrM: Fig, 28).

In representatives of Diomedea there is a large
pneumatic opening in the medial cotyla (Fig. 29). The
intercotylar tubercle is of irregular shape, with its me-
dial end placed rostrally in relation to the lateral end
(IT: Fig, 29). The pneumatic foramen of the medial
mandibular process, present in the skull of the spe-
cies of Thalassarche, is absent in the representatives of
Diomedea.

Re-identifications

As this study was being developed, it was real-
ized that one of the D. exulans skulls (MOVI 33262)
had, when compared to others of the same spe-
cies, differences related both to size (being notably
smaller) and morphology. The skull presents a series
of characters, such as the shape and position of the
maxilla’s caudal portion openings, the non-occluded
olfactory nerve foramen (ONF: Figs. 11-12 and 21),
and the absence of the pneumatic foramen at the cau-
dal end of the mandible Fig. 30), all of which indicate
a greater proximity to the representatives of the ge-
nus Thalassarche than to those belonging to the genus
Diomedea.

Granted that the specimen in question is a Thal-
assarche albatross, the size of the skull suggests that it
does not belong to either T. melanophris, T. chrysostoma,
ot T. chlororhynchos, whose skulls are notably smaller.

However, T. cauta, a species that occurs in Brazilian
waters, is of a larger size, similar to Diomedea exulans
(Harrison, 1987; Murphy, 1936). Double ¢ a/. (2003),
utilize ten body measurements to compare the species
T. canta and T. steadi. Due to the study being focused
on the species conservation, the authors chose to use
only measurements capable of being taken from live
specimens, thus making it difficult to compare them
to those taken from the skull. In spite of this fact,
the measurements “skull width” (in reference to the
distance between the postorbital processes) and “to-
tal bill length” (from the rostral end of the culmen
to the posterior margin of the thickening that marks
the caudal edge of the culmenicornium), both cor-
responding to “maximum head width” and “culmen
length”, were taken from the skull in question, and fit
within the interval proposed by Double e al. op. cit.)
(Attachment I). Unfortunately, the skull of T. canta is
absent from Brazilian collections, so a crucial, thot-
ough comparison could not be done. However, the
re-identification of this specimen as Thalassarche canta
is recommended.

The only T. chrysostoma specimen analyzed has a
fully dark ramicornium, while both the culmenicor-
nium and the unguicornium are yellowish (Fig. 31).
This coloration is different from the pattern de-
scribed for T. chrysostoma, where the ramicornium al-
ways presents light parts when the culmenicornium
and the unguicornium are yellowish, though this fits
in perfectly with the T. chlororhynchos” pattern, where
the ramicornium is always dark. Additionally, the cap-
ture coordinates of this specimen (Attachment II),
well inside the T. chlororhynchos distribution area, are
outside that of T. chrysostoma, a more southern species
(Harrison, 1983). Thus, specimen MZUSP 95, previ-
ously attributed to T. chrysostoma, was re-identified as
Thalassarche chlororhynchos.

Finally, it was realized that one specimen
(MZUSP 16098), identified by Pinto (1938) as
Diomedea epomophora, that was later re-identified by
Grantsau (1995) as D. exulans, is in fact a D. epo-
mophora albatross. This new identification is based
on the shape of the external opening of the nare
(elliptic in D. exulans and round in D. epomophora;
Fig. 32), and on the presence of a black line on the
edge of the upper maxilla, characteristic of D. epo-
mophora (Fig. 33). Plumage characters also corrobo-
rate Pinto’s (op. ¢it.) initial diagnosis, these being that
this specimen presents white upper coverts on the
wing’s leading edge, a black tail and an absence of
black on the lower coverts in the carpal joint region,
which diagnoses for D. sanfordi (Fig. 34) (Harrison,
1987; Murphy, 19306).



Pap. avurs Zoot. 43(3), 2007 49

FIGURE 8: Thalassarche melangphris (MZUSP 3): lateral-caudal
view. CBM — curved blades of the maxilla; CPtM — caudal process
of the maxilar; E — ectethmoid; LaCho — lateral-dorsal expansion
of the palatine.

FIGURE 9: Thalassarche chlororhynchos (AZ742): lateral view. FOc
— fonticulus orbitocranialis; SMPt — suprameatic process.

FIGURE 10: Thalassarche chlororhynchos (AZ742): lateral view. FOc

— fonticulus orbitocranialis.

FIGURE 11: Thalassarche canta (MOVI33262): lateral view. FOc
— fonticulus orbitocranialisy ONF — olfactory nerve foramen.

FIGURE 12: Thalassarche canta (MOVI33262): lateral view. FOc
— fonticulus orbitocranialis; ONF — olfactory nerve foramen.

FIGURE 13: Diomedea dabbenena (MZUSP 2): lateral view. FOc
— fonticulus orbitocranialis.

FIGURE 14: Diomedea exulans (MOVI10355): lateral view. FOc
— fonticulus orbitocranialis.
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FIGURE 15: Thalassarche melanophris (IMZUSP 3): ventral view. BT
— basal tubercles; LvPtP — lateral-ventral process of the palatine;
MPrP — maxillary process of the palatine; RoP — rostral end of the
palatine; VFM — ventral fissures of the maxilla.
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DISCUSSION AND CONCLUSIONS
Anatomy

Pycraft (1899) analyzed the skeleton of several
representatives of the Procellariiformes, in a detailed
study on their osteology, seeking to enlighten the rela-
tionships between the families, as well as the position
of the Order within the class Aves. As regards the
albatrosses, the author studied the complete skeletons
of two species of the genus Diomedea (sensu Coues,
1860), D. exutans and D. melanophris, and the skulls of
representatives of the genus Thalassogeron and that
of Phoebetria, and suggests a systematic arrangement
of the family, comprising the genera cited above. In
general, the descriptions provided by Pycraft (op. ciz.)
agree with those of the present study, despite nomen-
clatural differences of some of the osteological com-
ponents. Such structures will here be properly corre-
sponded, following the sequence presented in Resu/ts.

The paired “supraorbital grooves” in the in-
terorbital region of the frontal, described by Pycraft
(1899), correspond to the paired fossae glandularis
nasalis. Pycraft (op. ¢it.) is especially interested in the
outer wall of these fossae which, according to the au-
thor, is well developed in Diomedeidae (in contrast
with other representatives of the Order). No pat-
tern of distinction has been found in the present
study for this particular structure, among represen-
tatives of the different genera. Pycraft (op. ciz.) also
describes, in the median line of the frontal-parietal
region, a groove that indicates the position of the
palial cerebral fissure, and that probably corresponds
to the groove between the fossae glandularis nasalis
described above.

In the region of the parietal bone, Pycraft (1899)
terms as fossa temporalis the fossa musculorum temporalinm,
this description being concordant with that offered
in the present study. Pycraft’s (op. ¢it.) description of
the lacrimal also generally concordant with that pre-
sented herein. However, this author describes the ab-
sence of the “anterior limb of the lactimal”, which
apparently refers to the bone’s anterior region, attrib-
uting it to Diomedea melanophris. No resemblance to the
above described condition was found for the skulls
of Thalassarche melanophris in the present study, sug-
gesting that the specimen analyzed by the author (in
this case, a single complete skeleton), was damaged.
In addition, Pycraft (gp. ciz.) describes the structure
of an “ossiculum lachrymo-palatinum or os crochu”,
corresponding to the sesamoid bone. According to
the author, in the Procellatiiformes this bone is most
developed in the representatives of Diomedeidae. Its

presence is, however, of no taxonomic value, since it
is also present in several non-related groups.

The ectethmoid is termed by Pycraft (1899) as
“the aliethmoid, ectoethmoidal ossification that forms
the antorbital plate”, its description being concordant
with that offered in the present study, except for the
representatives of genus Phoebetria. The author does
not mention the sharp, caudally pointed, projection
observed in the representatives of genus Thalassarche.

In his description of the base of the skull, Py-
craft (1899) cites a “basitemporal plate of the paras-
phenoid”, that corresponds to lamina parasphenoidalis.
Special attention is given to the #uba auditiva, termed
“Eustachian groove”, especially to the structure’s
pneumatic foramen. According to the author, the
opening found within this “groove” (that corre-
sponds to the pneumatic foramen observed in the
representatives of genus Diomedea), is located and
directed differently in Diomedeidae than in the rest
of the Order. Pycraft (op. cit.) also notes that in Dio-
medea exculans there is a second opening, lateral to the
parasphenoidal rostrum. In Thalassogeron and in Phoe-
betria, ““the BEustachian groove is shallower, wider and
without the foramina penumatica”. As regards the
rest of this structure, both descriptions are concor-
dant, though the lateral processes of the lamina are
termed by Pycraft (op. ¢it.) as “mammillary processes”.
In addition the author cites “a well marked tubercle
lying between the mammillary processes”, which cor-
responds to the basal tubercles. There is no reference
to the crest present in the lamina’s medial region.

Pycraft’s (1899) description of the lateral pot-
tion of the skull, including the region of cavitas tym-
panica, the squamosal bone and the orbita, concurs
with that observed in the present study, despite the
fact that the author uses the term “orbitosphenoid”
for part of the region occupied by the laterosphenoid,
which in turn is not mentioned. As regards the facial
skeleton, Pycraft (gp. cit.) stresses the resemblance of
the region to that of the representatives of the Or-
der Ciconiiformes. In the description of the maxillar,
caudo-ventral region, the author terms as “maxillo-
palatine processes” those laminar structures associ-
ated with the V-shaped fissures of the upper jaw. The
pneumatized chamber inside the bill is referred to as
the “antrum of Highmore”, whose posterior open-
ings are also described. The main difference between
the descriptions is that Pycraft (op. ci.) does not rec-
ognize the inferior opening, which is understandable,
seeing that is has an obliterated bottom. Thus, only
one medial, inner opening and two lateral openings
are described. Additionally, for D. exulans, the author
describes the large widening of the medial opening
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(termed, in the present study, lateral superior opening
in Thalassarche and supetior opening in Diomedea), as
observed in Diomedea, the opposite for Phoebetria.
Wilkinson (1969) presents a brief comparison
of the bill structure of some of the species of the
family, including the two representatives of the ge-
nus Phoebetria, Diomedea exulans, Thalassarche canta,
T. chlororhynchos, T. melanophris, and T. chrysostoma (the
last four species were treated as still belonging to the
genus Diomedea). Using the nomenclature proposed
by Pycraft (1899), the author uses the differences
of size of the posterior inner opening of the “an-
trum of Highmore” to separate the genus Diomedea
(sensu Alexander, 1965) from that of Phoebetria, and
to place a fossil species, D. thyridata. 1t’s interesting
that, secking to elucidate the kinship of D. #hyridata
among the representatives of Diomedea, Wilkinson
(op. cit.), divides the genus into two groups, termed

the D. melanophris group (whose species coincide with

5)150cn 6

FIGURE 16: Thalassarche melanophris MZUSP 3): ventral view. BT
— basal tubercles; LvPtP — lateral-ventral process of the palatine;
MPrP — maxillary process of the palatine; RoP — rostral end of the
palatine; VFM — ventral fissures of the maxilla.

FIGURE 17: Thalassarche melanophris (MZUSP 3): ventral view.
LvPrP — lateral-ventral process of the palatine; MPrP — maxillary
process of the palatine; RoP — rostral end of the palatine; VFM
— ventral fissures of the maxilla.

those of the current genus Thalassarche) and D. exulans
group (current genera Diomedea and Phoebetria), based
on several characters of the bill (see below). How-
ever, the author does not recognize the differences
in the posterior openings of the “antrum”, clearly
verified between the representatives of Diomedea and
Thalassarche.

Wilkinson (1969) also creates a new term, “cul-
menal ridge” to describe the structure formed by the
fusion of the “nasal processes of the premaxilla”,
which was not described by Pycraft (1899). This
structure corresponds to the frontal process of the

premaxilla.

FIGURE 18: Thalassarche melanophris (MZUSP 117): caudal-ventral
view. OPr — orbital process of the lacrimal; RoP — rostral end of
the palatine; SE — sesamoid.

FIGURE 19: Thalassarche melanophris (MZUSP 3): rostral-ventral
view of the caudal wall of the orbit. CILS — cleft of the lateros-
phenoid; CrLS — crest of the laterosphenoid.
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FIGURE 20: Diomedea dabbenena (MZUSP 2): rostral-ventral view of

the caudal wall of the orbit. CILS — cleft of the laterosphenoid. FIGURE 23: Thalassarche canta (MOVT 33262): caudal view. VCP

— vertical crest of the parietals.

FIGURE 24: Thalassarche melanophris (IMZUSP 116): lateral-caudal
view. COM — caudal openings of the maxilla.

FIGURE 21: Thalassarche canta (MOVI 33262): lateral view. ONF
— olfactory nerve foramen; SMPr — suprameatic process.

FIGURE 22: Thalassarche melanophris IMZUSP 3): caudal view. FIGURE 25: Diomedea exulans (MOVI13335): lateral-caudal view.
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Finding the correspondence between Pycraft’s
(1899) description and that of the present study, is
most difficult for the region that includes the pala-
tine, vomer and pterygoid. With the exception of the
rostral portion, the descriptions of the palatine are
fairly the same. This author terms the region of the
palatine that extends inside the maxilla, and whose
rostrum is visible through the palatine fenestra, as the
vomer (which in the present study was considered ab-
sent), and stresses the resemblance of the structure
in the Procellariiformes to that of the Ciconiiformes
and Anseriiformes, as regards the extent of the fusion
of os palatinum. The caudal limit of the vomer, where
it merges with the palatine is, according to Pycraft
(op. ¢it.), right below the rostral expansion of the mes-
ethmoid, where there is a notch in the palatine.

The skulls of Mycteria americana (AZ 1074) and
of Cygnus buccinator (AZ 565), representatives of the
Orders Ciconiiformes and Anseriformes, trespec-
tively, with size comparable to that of the species
of Diomedeidae, were studied to verify the “great
resemblance” suggested by Pycraft (1899) as regards
the vomer observed by him in the Procellariiformes.
Nonetheless in these skulls the vomer is clearly visible
as a thin, rostrocaudally oriented blade that originates
from the caudal end of os palatinum, quite differently
from the structure appointed as “similar” by Pycraft
(op. ¢it.) in Diomedeidae, which is compressed dorso-
ventrally and originates from the rostro-dorsal end of
os palatinum.

Pycraft (1899), besides studying the skeleton
of adult specimens of several species of Procel-
lariiformes, also analyzed the bone structure of two
Oceanodroma lencorrboa (Hydrobatidae) nestlings. His
description of the vomer region in these specimens,
as “a pair of elongated, flattened laminae, anteriotly
united in the median line, whose free posterior ends
are received by the anterior borders of the hemip-
terygoids, and that are bounded on either side by an
inwardly turned scroll of bone from the dorsal border
of the palatine (here in reference to the lamella choa-
nalis, observed in the present study)”, does not help
in understanding the structure observed in the adult
skull of representatives of Diomedeidae, which, ac-
cording to Pycraft himself, is “peculiar” in the general
context of the Order.

Considering the differences between the descrip-
tions presented, the observations of the skull struc-
ture of representatives of the Ciconiiformes and the
Anseriformes, and the relative distance between the
families Diomedeidae and Hydrobatidae within the
Order Procellariiformes in recent phylogenies (Ken-
nedy & Page, 2002), it is safe to conclude that the real

homology of this structure will only be clarified with
the study of Diomedeidae nestlings, whose skulls,
lacking the intensified bone fusion characteristic of
the adult, will most likely be decisively informative.

The description of the mandible of Diomedei-
dae, as presented by Pycraft (1899), is relatively simple
in comparison to that of the other structures men-
tioned above. The “posterior lateral vacuity, which
pierces the posterior end of the supra-angular”, prob-
ably corresponds to fenestra mandibulae candalis.

Variations of the skull related to sex and age

No pattern of anatomical distinction between
the skulls of individuals of different sexes was found
either for 1. melanophris or for T. chlororhynchos. This
might have been so determined by the small num-
ber of skulls in the analysis, since most of the mate-
rial lacks sexual identification. Thus, an analysis with
more, duly identified skulls is necessary to confirm
this result. There was also no pattern of distinction
between individuals of different ages. Here, however,
the situation is different, since the determination of
age classes, in the skulls where this information was
absent, was made possible by observation of ram-
photheca coloration, still present in most of the mate-
rial. Nevertheless, as the age classes were not perfectly
represented (most skulls belonging to juvenile or sub-
adult specimens), it is possible that in an analysis with
morte skulls, a different condition is to be found.

Variations of the skull between the
genera and species of Diomedeidae

At present, delimitation of the Diomedeidae
genera is based on biogeography, morphometry, ex-
ternal morphology and, more recently, on mitochon-
drial DNA sequences. Having the relatively scarce
number of publications about the family’s compared
osteology as an example, it is evident that the search
for anatomical evidence to corroborate the present
taxonomy was neglected.

Pycraft (1899) notes osteological differences be-
tween the Procellariiformes, and elaborates a series
of identification keys for the order’s families and gen-
era, considering for Diomedeidae the genera Diomedea
(sensu Coues, 1866), Thalassogeron and Phoebetria. 'The
author refers only to the species Diomedea exnlans and
“Diomedea melanophrys”, the species representing the
other two genera in that study being unknown. At that
time Thalassogeron was composed of T. chlororhynchos,
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T. canta, I layardi (at present subsumed into T. canta),
T. salvini and T. culminatus (at present subsumed into
T. chrysostoma). The characters that distinguish the ge-
nus Diomedea from the genus Thalassogeron in the key
presented by Pycraft, are: the ratio between the width
of the interorbital region of the frontal and the width
of the same on the line between the lacrimals, larger
in Thalassogeron than in Diomedea; and the shape of the
caudal region of the palatine, wider in Diomedea than
in Thalassogeron.

The characters observed in the present study
that suggest the separation of representatives of the
genus Diomedea from those of the genus Thalassarche
are (see also table 2): 1. the groove between the fossae
glandularis nasalis is either not conspicuous or absent;
2. the absence of the median crest on the supraorbital
process of the lacrimal; 3. the fonticulus orbitocrania-
lis is always present (in the skull of Thalassarche mela-
nophris this is absent); 4. the presence of pneumatic
openings in the rostral region of the #ba anditiva, with

ICrOPr

CrSOPr

FIGURE 27: Thalassarche melanophris (MZUSP 3): medial view
of the lacrimal. ICrOPr — inferior crest of the orbital process;
CrSOPr — crest of the supra-orbital process.

the exception of the D. sanfordi skull; 5. occlusion of
the olfactory nerve foramen; 6. the different shape,
size and position of the posterior openings of the
caudal vacuity of the maxilla; 7. the presence of a

large pneumatic opening on the cotyla medialis of the

FIGURE 28: Thalassarche melangphris (MZUSP 3): dorsal view of
the mandible. IT — intercotylar tubercle; MPtM — medial process
of the mandible.

FIGURE 29: Diomedea dabbenena (MZUSP 3592): dorsal view of
the mandible. IT — intercotylar tubercle.

FIGURE 30: Thalassarche canta (MOVI 33262): dorsal view of the
mandible.
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caudal region of the mandible; 8. the absence, in most
cases, of the pneumatic foramen on the medial pro-
cess of the mandible.

The conspicuity of the groove between the
fossae glandularis nasalis is possibly related to the
distance between the same, in a way that one might
establish a relationship between this and the first
character presented by Pycraft (1899) — the separa-
tion by the relative width of the orbital region of the
frontal bone — if one considers that the specimen of
Thalassogeron used in that study is representative of
Thalassarche. Among the species of Thalassarche ana-
lyzed, the only one wherein the distance between the
Jossae is significantly larger than that verified for the
species of Diomedea, is T. canta, which might indicate
that this was the species most probably employed by
Pycraft to represent Thalassogeron.

Pycraft (1899) mentions the presence of pneu-
matic foramina on the fuba auditiva for D. exulans.
Since the author includes T. melanophris in the genus
Diomedea, his decision to exclude this character from
the genus diagnosis is understandable. Curiously,
these structures, as observed in the skull of D. ¢po-
mophora, are absent in D. sanfordi, which clearly shows
the need of further studies on representatives of the
genus Diomedea.

Characters also absent from Pycraft’s (1899)
identification keys are the differences of shape, size,
and position of the posterior openings of the cau-
dal vacuity of the maxilla, and of the pneumatic fo-
ramina of the caudal region of the mandible, despite
being present in the author’s anatomical description
of the skull (again probably due to the inclusion
of T. melanophris in the genus Diomedea). Wilkinson
(1969), adopting a different taxonomic arrangement,
considers the posterior openings of the maxilla to
position the fossil species D. #hyridata, but does not

describe the differences between these openings
when commenting on the “groups” within the ge-
nus Diomedea. The observation of the condition of
these openings in the genus Phoebastria, not included
in the present study, might help in understanding
this author’s decision. The other characters were not
commented on by either Pycraft (1899) or Wilkinson
(1969).

The only character varying between species of
the genus Diomedea was the absence of a pneumatic
foramina on the rostral portion of the tuba auditiva,
for D. sanfordi. There is no reference to this specific
situation in the osteological literature. Since the num-
ber of Diomedea skulls analyzed is relatively small, it is
possible that this result will not coincide with that of
a more comprehensive study.

For the genus Thalassarche, the characters that
differ from those observed in T. melanophris are (see
also table 3): 1. a fissure in the region of the articula-
tion between the nasal and frontal bones, generally
smaller in T, chlororbynchos and T. caunta; 2. the dis-
tance between the fossae gladularis nasalis is greater in
T. canta; 3. the shape of the caudal region of fossa
musculorum temporalium is different in T. chlororhynchos
and T. cauta; 4. the presence of a vertical crest on
part of the prominentia cerebellaris in T. canta; 5. the
inferior crest on the supraorbital process of the lac-
rimal is reduced in T. chlororhynchos; 6. the presence
of the fonticulus orbitocranialis in some of the skulls
of T. chlororhynchos and T. canta; 7. the crest on the
lamina parasphenoidalis is reduced in T. canta; 8. the
suprameatic process of the squamosal is reduced
in 1. chlororbynchos and T. cauta; 9. the crest on fossa
subcondylaris is present in T. canta; 10. the lateral pro-
cess on the condylus occipitalis is reduced or absent
in T. chlororhynchos; 11. the size of the external nare
openings is generally smaller in T. chlororhynchos and

TABLE 2: Characters of the cranium that differ between Thalassarche and Diomedea.

Characters Thalassarche Diomedea
1 Groove between the fossae glandularis nasalis Conspicuous Not conspicuous or absent
2 Median crest on the supraotbital Present Absent

process of the lacrimal

3 Fonticulus orbitocranialis

Absent in Thalassarche melanophris

Always present

Pneumatic openings in the rostral Absent Present, with the exception
region of the fuba anditiva of the D. sanfordi skull
5 Olfactory nerve foramen Not occluded Occluded

6

Posterior openings of the caudal
vacuity of the maxilla

Lateral superior elliptic and smallest;
lateral inferior irregular; medial superior;
medial inferior with obliterated bottom

Superior most developed;
lateral; medial; inferior

7 Pneumatic opening on the cotyla medialis Absent Present
of the caudal region of the mandible
8 Pneumatic foramen on the medial Present Absent (in most cases)

process of the mandible
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TABLE 3: Characters of the cranium that differ between Thalassarche melanophris, . chlororbynchos and T. canta. When relative size or dis-
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tances are compared, character descriptions are marked by a hyphen.

Characters

T. melanophris

T. chlororbynchos

T. cauta

1

fissure in the region of the articulation
between the nasal and frontal bones

Conspicuous

Generally smaller

Generally smaller

2 distance between the fossae gladularis nasalis — — Greater

3 shape of the caudal region of the Forms an acute angle ~ Rounded Rounded
fossa musculornm temporalinm

4 vertical crest on part of the prominentia cerebellaris Absent Absent Present

5 inferior crest on the supraorbital Conspicuous Reduced Conspicuous
process of the lacrimal

6 Jonticulus orbitocranialis Absent Present in some Present

specimens

7 crest on the lamina parasphenoidalis Conspicuous Conspicuous Reduced

8 suprameatic process of the squamosal Conspicuous Reduced Reduced

9 crest on the fossa subcondylaris Absent Absent Present

10 process lateral to the condylus occipitalis Present Reduced or absent Present

11 size of the external nare openings — Generally smaller Generally smaller

12 lateroventral process of the palatine — — Highly reduced

13 cross-section profile of the dorsal Flat Flat “V”-shaped

expansion of the palatine

FIGURE 31: Thalassarche chlororhynchos (MZUSP 95): lateral view.

Note coloration pattern of the ramphotheca.

FIGURE 33: Diomedea epomophora (FURG 16098): lateral view. Note
the presence of a black line on the edge of the upper maxilla.

FIGURE 34: Diomedea epomophora (FURG 16098): ventral view of
the left wing’s carpal joint. Note the absence of black coloration

FIGURE 32: Diomedea epomophora (FURG 16098): rostral view.

Note circular shape of the external opening of the nare. in the lower coverts.
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T. canta; 12. the lateroventral process of the palatine
is highly reduced in T. canta; 13. the cross-section
profile of the dorsal expansion of the palatine is
“V”-shaped in T. canta.

Based on the number of differences between
representatives of 1. melanophris and T. chlororbynchos,
one might suggest that these species are more closely
related to each other than to 1. cauta, although a study
including other species of the genus, and employing
methods of phylogenetic systematics, is necessary to
support such a statement. The characters here pre-
sented for the genera and species studied might con-
tribute significantly to enlightening kinship relation-
ships within the family Diomedeidae.

RESUMO

A atnal taxonomia dos albatrozes consiste na divisao da fa-
milia Diomedeidae em quatro géneros: Diomedea, que inclui
os grandes albatrozes; Phoebasttia, formado pelos albatrozes
do norte do Pacifico; Thalassarche, para os chamados “molly-
mawks” ¢ Phoebetria, para os “mollymawtks fuliginosos” e
Jfoi baseada em caracteres da morfologia externa, padries de
plumagem, forma da canda, tamanho ¢ coloragio do bico ¢ a
organizagdo das placas da ranfoteca e, mais recentemente, se-
giiéncias do citocromo-b. Entretanto, existem poncos e antigos
estudos sobre a osteologia dos albatrozes que estudaram apenas
as relagoes supra-genéricas. A pesquisa na taxonomia ¢ na
anatomia do grupo ¢ importante para se criar uma base segu-
ra para a identificacao das espécies, incluindo ai as diferencas
excistentes entre machos, fémeas e de exemplares em diferentes
idades, além de se verificar caracteres anatimicos cranianos que
podem revelar-se iiteis para andlises filogenéticas com base em
marcadores morfoldgicos. No presente trabalho, 63 cranios de
representantes dos géneros Diomedea e Thalassarche foram
analisados e comparados, estabelecendo correspondéncias topo-
grdficas e determinando homologias primdrias, o que resulton
em: (a) a descoberta da auséncia de padries de distingdo ana-
tomica relacionados ao sexo e d idade para'T. melanophris e
paraT. chlororthynchos; (b) levantamento de oito caracteres
do cranio que separam os géneros Diomedea ¢ Thalassar-
che; (¢) reconbecimento de 13 caracteres cranianos que diferem
entre 'T. melanophris, T. chlororhynchos e T. cauta; (d)
re-identificagdo de virios espécimes baseados em caracteres cra-
nianos. Os caracteres aqui apresentados para os géneros e espé-
cies, juntamente com futuras pesquisas na anatomia do cranio
de Diomedeidae, incluindo os géneros Phoebetria ¢ Phoe-
basttia, poden ajudar na elucidacio das relacies de parentesco
dentro da familia.

PALAVRAS-CHAVE: Albatroz, osteologia craniana, Dio-
medea, Thalassarche.
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APPENDIX I

Morphometric values (mm) for males and females of Thalassarche cauta (Double et al. 2003) and of skull MOVI 33262. The data are:
mean (£ SD; range) and n = sample size.

Measurements Males Females MOVI 33262
Maximum head width 71,2 67,1 71,8
(1,5; 68,5-74,8) (1,3; 64,1-69,8)
n=24 n=41
Culmen length 136,1 125,8 127,3
(3,5; 129,7-143,3) (3,1; 125,8-140,7)

n=24 n=41
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