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ABSTRACT —The new dugongine dugongid Nanosiren garciae is the third species of fossil sirenian to be described from
the Bone Valley phosphate deposits of Florida. It is found in the Upper Bone Valley Formation and is of latest
Hemphillian (early Pliocene) age. Nanosiren sanchezi is described from the late Miocene upper member of the Urumaco
Formation, Falcón State, Venezuela. It appears to be directly ancestral to N. garciae, and was preceded in the West
Atlantic, Caribbean, and East Pacific region by other, undescribed members of the same generic lineage dating back at
least to the early Miocene. The Nanosiren lineage is the most basal clade of the Subfamily Dugonginae after Crenatosiren
olseni, and is the sister group to all remaining dugongines. It comprises the smallest known post-Eocene sirenians, with
adult body lengths and weights probably around 2 m and 150 kg. Newborn animals may have had body masses little
greater than the theoretical limit of 6.8 kg for a viable aquatic endotherm. In addition to a shallow draft, Nanosiren spp.
had small conical tusks and strong rostral deflections. These characters possibly indicate that they foraged in shallower
water than the larger dugongids with which they were sympatric, such as Metaxytherium (a rib from Urumaco probably
referable to this genus is also recorded here). Nanosiren probably fed in nearshore marine waters on small seagrasses such
as Halodule and Halophila.

RESUMEN—Se describe una nueva especie de dugongine dugongido como Nanosiren garciae, la cual representa la
tercera especie fósil de sirenido descrita de los depósitos de fosfato de Bone Valley en Florida, USA. Proviene de la
Formación Upper Bone Valley de edad Hemphillian tardío (Plioceno temprano). Se describe igualmente la especie
Nanosiren sanchezi del Miembro superior de la Formación Urumaco, estado Falcón, Venezuela, de edad Mioceno tardío.
Esta especie pareciera ser el ancestro directo de N. garciae, que a su vez es precedida por otro miembro del mismo linaje
genérico aun no descrito de edad Mioceno temprano y que se distribuye en el Atlántico occidental, el Mar Caribe y en
la región oriental del Océano Pacifico. El linaje Nanosiren es el clado más basal de la Subfamilia Dugonginae luego de
Crenatosiren olseni y es el grupo hermano del resto de los dugongines. Estos incluyen los sirenios post-Eocénicos de
menor tamaño conocido, con longitudes corporales y pesos en adultos que alcanzan alrededor de 2 m y 150 kg respec-
tivamente. Los animales al nacer pudieron tener una masa corporal algo mayor que el límite viable teórico de los 6,8 kg
para endotérmicos acuáticos. Adicionalmente a ser de poco calado, Nanosiren spp. poseen pequeños colmillos de forma
cónica y rostros fuertemente desviados. Estas caracteristicas probablemente indican que pastan en aguas más someras que
los grandes dugongidos con los cuales son simpátricos, como es Metaxytherium (una costilla hallada en Urumaco que se
registra en el presente trabajo probablemente se relaciona con este género). Nanosiren probablemente se alimentaba de
gramíneas marinas próximas a la costa tales como Halodule y Halophila.

INTRODUCTION

Fossil remains of sirenians are abundant in the late Tertiary
marine deposits of the Bone Valley phosphate mining district,
located in Polk, Hillsborough, Manatee, and Hardee counties in
west-central peninsular Florida (Morgan, 1994:figs. 1, 3). These
deposits extend from middle Miocene (Barstovian) to early
Pliocene (latest Hemphillian) in age, and sirenians occur
throughout this section. The vast majority of the sirenian re-
mains, however, come from the early Clarendonian-age Lower
Bone Valley Formation and represent the relatively large hali-
theriine dugongid Metaxytherium floridanum Hay, 1922 (see
Domning, 1988 for stratigraphic nomenclature and discussion of
this species; see Morgan, 1994 for a summary of Bone Valley

marine mammal faunas). A very small number of specimens
from Clarendonian or earlier horizons seem to represent other
sirenian taxa (Domning, unpublished). In contrast, the latest
Hemphillian-age Upper Bone Valley Formation has yielded far
fewer sirenian specimens than the Miocene levels. Only one si-
renian taxon from this horizon has hitherto been described: the
large but very rare dugongine dugongid Corystosiren varguezi
Domning, 1990.

For many years, however, fragmentary remains of an addi-
tional Bone Valley sirenian have been collected from spoil heaps
in the phosphate strip mines and have been accumulating in
museum and private collections. This animal is of very small
adult body size (the smallest late Tertiary sirenian known), and
has been suspected of coming from the Upper Bone Valley For-
mation, though in-place occurrences were lacking. Material of
sufficient quality is now available to characterize this form ad-
equately, and evidence is also at hand to confirm its Upper Bone*Corresponding author.
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Valley provenance. It represents a new genus and species of
dugongine, which together with a second new species and as-
sorted other remains constitutes a new dugongine clade—a lin-
eage first noted by Barnes et al. (1985:30) as including “the
smallest known post-Eocene sirenians.” This second new species
is N. sanchezi from the late Miocene of Venezuela. The Nano-
siren clade appears to comprise a series of forms from both
North and South America and their Atlantic, Gulf of Mexico,
Caribbean, and Pacific littorals, ranging from early Miocene
through early Pliocene in age, and forming one of the most basal
branches of the dugongine adaptive radiation.

The Venezuelan record is an addition to the rich and re-
nowned fossil vertebrate fauna of Urumaco in Falcón State,
northwestern Venezuela (Aguilera, 2004; Sánchez-Villagra and
Aguilera, 2006). It is the fourth record of fossil sirenians from
Venezuela, following that of several other dugongid vertebrae
and ribs from Urumaco (Aguilera, 2004:112–113), the discovery
of possible Miocene trichechids in the Urumaco region (Linares,
1991), and a report of indeterminate sirenian rib fragments from
the early Miocene Cerro La Cruz fauna in adjoining Lara State
(Sánchez-Villagra et al., 2004), a fauna similar to that of Uru-
maco.

Authorship of the new taxa Nanosiren and N. garciae is solely
that of Domning; that of N. sanchezi is shared by Domning and
Aguilera.

Abbreviations—c.; character state as defined and numbered
by Domning (1994) or Bajpai and Domning (1997): e.g., c. 140(1)
refers to character number 140 and associated character state
one (see Appendix 3 for character definitions). AMNH-VP, De-
partment of Vertebrate Paleontology, American Museum of
Natural History, New York, New York, U.S.A.; AMU-CURS,
Colección Alcaldía de Urumaco – Rodolfo Sánchez, Urumaco,
Venezuela; CAS, California Academy of Sciences, San Francis-
co, U.S.A.; ChM, Charleston Museum, South Carolina, U.S.A.;
CMM, Calvert Marine Museum, Solomons, Maryland, U.S.A.;
FMU, locality number in Urumaco Formation, Dirección de Pa-
leontología de la Alcaldía del Municipio Urumaco; MNHN,
Muséum National d’Histoire Naturelle, Paris, France;
MNHNCu-P, paleontological collection, Museo Nacional de
Historia Natural, La Habana, Cuba; MPC, Museo Paleonto-
logico de Caldera, Chile; SC, South Carolina State Museum,
Columbia, USA;UF, Florida Museum of Natural History, Uni-
versity of Florida, Gainesville, U.S.A.; UF/FGS, former Florida
Geological Survey collection, now housed at UF; UNEFM, Uni-
versidad Nacional Experimental Francisco de Miranda, Coro,
Venezuela; USNM, Department of Paleobiology, U.S. National
Museum of Natural History, Smithsonian Institution, Washing-
ton, D.C., U.S.A.

SYSTEMATIC PALEONTOLOGY

Class MAMMALIA Linnaeus, 1758
Order SIRENIA Illiger, 1811

Family DUGONGIDAE Gray, 1821
Subfamily DUGONGINAE (Gray, 1821) Simpson, 1932*

NANOSIREN, gen. nov. Domning

Type Species—Nanosiren garciae, sp. nov. Domning
Included Species—Nanosiren garciae Domning; Nanosiren

sanchezi Domning and Aguilera.
Range—Early Miocene to early Pliocene, western Atlantic

Ocean, Caribbean Sea, Gulf of Mexico, and possibly eastern
Pacific Ocean.

Diagnosis—Small dugongine dugongids distinguished from
Crenatosiren by: shortening of the premaxillary nasal process [c.
7(1); uncertain for N. garciae]; shortening of the zygomatic-
orbital bridge [c. 14(1)]; concavity of the frontal roof [c. 42(1)];
distinct swellings on the frontal roof [c. 45(1)]; exposures of the
frontal in the roofs of the nasal and cranial cavities that are
shorter and longer, respectively, than in Crenatosiren; longitudi-
nal curvature of the parietal roof; separation of the exoccipitals
[c. 66(1)]; loss of the hypoglossal foramen [c. 72(1)]; stronger
inflection of the processus retroversus of the squamosal [c.
77(3)]; and smaller tusks [c. 140(0)]. Distinguished from all other
dugongines by: loss of the hypoglossal foramen [c. 72(1)]; a rela-
tively flat and thin preorbital process of the jugal [c. 88(0)]; an
enamel crown of the tusk that is distinct from the root [c. 137(0)];
and smaller tusks [c. 140(0)].

Etymology—Greek nanos, dwarf, + Latin Siren, siren (f.),
from Greek Seiren; in reference to its small body size.

NANOSIREN GARCIAE, sp. nov. Domning
(Figs. 1–6; Tables 1–7)

“Early Pliocene . . . small dugongine,” Domning, 2001a:29.

Holotype—UF 201840, nearly complete braincase of adult,
including right and partial left periotic and fragments of maxilla
and left jugal. Collected by James E. Ranson, Jr., winter 1997–98.

Type Locality—Four Corners phosphate strip mine, north-
eastern Manatee County, Florida, USA; about 27° 38� N, 82° 05� W.

Formation—Collected from spoil; horizon inferred (see be-
low) to be Upper Bone Valley Formation (� Unit 6 of Cris-
singer, 1977; � upper part of Bone Valley Member, Peace River
Formation, Hawthorn Group of Scott, 2001).

Age—Latest Hemphillian (early Pliocene), ca. 5.3-4.9 Ma,
based on mammalian biochronology and sea-level data; Pal-
metto Fauna of Webb and Hulbert (1986; Morgan, 1994, 2005;
Webb et al., in press).

Hypodigm—See Appendix 1.
Range—Known only from the early Pliocene of Florida.
Diagnosis—In addition to the generic characters listed above,

distinguished from Crenatosiren by a reduced pterygoid fossa [c.
102(2)], a broader and thinner basioccipital, and a less slender,
more dumbbell-shaped humerus with a more oblique trochlea.
Differs from N. sanchezi by having a more pronounced rostral
boss on the premaxilla; a temporal condyle and processus retro-
versus of the squamosal that project farther ventrally in lateral
view; a deeply notched anteroventral border of the jugal; and a
more gradually tapering jugal-squamosal contact surface.

Etymology—Named in honor of Frank A. Garcia, in recogni-
tion of his numerous contributions to Florida paleontology, es-
pecially his discovery of many of the specimens of this new spe-
cies and other fossil sirenians.

AGE

The best evidence of the stratigraphic position of remains of
Nanosiren garciae in the Bone Valley district comes from the
“Dixie Site,” located in a now-reclaimed portion of the Cargill
Hookers Prairie phosphate strip mine in the SW 1/4 of Sec. 34 or
SE 1/4 of Sec. 33, T. 31 S, R. 24 E, Baird 7.5’ Quadrangle, Polk
County, Florida. This is roughly 25 km NE of the type locality.
(See Morgan, 1994:fig. 3 for a sketch map showing approximate
locations of the principal Bone Valley strip mines.) The bone
concentration at this locality was discovered by Frank A. Garcia
on 24 June 1995. In August 1995, a large group of volunteers
under his leadership excavated an area of several square meters
in one stratum and collected several hundred bones and bone
fragments of marine and terrestrial vertebrates, mostly sirenians.

This horizon lay beneath about 6 feet (2 m) of white sand, in
a bed at least 6 feet (2 m) thick (base not exposed) of very poorly

*The parentheses indicate that, although this name is deemed under
the Principle of Coordination to have been established at the subfamily
rank by Gray, Simpson was the first to actually use this name at this rank.
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sorted, gray to greenish sands and sandy clays containing phos-
phate gravel up to large pebble size. The latter fraction included
both brown, irregular, bored pebbles and discoidal “button
quartz” pebbles. The bone horizon was an especially gravelly
sand with yellow and brown streaks. This stratum corresponded
to Unit 6 in the stratigraphic scheme of Crissinger (1977); i.e., to
the Upper Bone Valley Formation (cf. Domning, 1988:fig. 1).
“Button quartz” pebbles are diagnostic for Unit 6 in the Bone
Valley district (Pirkle et al., 1967; Webb and Crissinger, 1983).
Bone from this concentration is a dull bluish gray inside and
outside, though often with a cream-colored surface; fossil bones
from Unit 6 in general display a wide variety of colors and pres-
ervations.

Horses from the “Dixie Site” include Cormohipparion emsliei,
Nannippus aztecus, and Neohipparion eurystyle. Among the
Bone Valley vertebrate assemblages so far described (Bradley,
Agricola, Four Corners, and Palmetto Faunas), these species are
found only in the late Hemphillian Palmetto Fauna (Webb et al.,
in press). Also found at the site was a molar of Calippus sp., a
middle Miocene taxon; but it is somewhat waterworn and may
have been reworked from earlier, Lower Bone Valley-aged de-
posits (R. C. Hulbert, Jr., pers. comm.). Other taxa present at the
site include Batoidea, Selachii, Chelonia cf. Hesperotestudo, Cro-
codylia, Gomphotheriidae cf. Rhynchotherium, Tayassuidae,
Camelidae cf. Megatylopus, Platanistidae, and Dugongidae cf.
Metaxytherium. These specimens, including the horses, are de-
posited in the USNM.

Additional evidence for this age assignment of N. garciae
comes from 29 additional specimens, donated to the UF collec-
tion by James Ranson, from the same region of the Four Corners
Mine that produced the holotype. Excluding those that are N.
garciae, all of them (15) that can be identified to the species level
are characteristic of the late Hemphillian Palmetto Fauna; none
are Miocene species. While not definitive, this supports the evi-
dence from the in-situ “Dixie Site” that the new taxon is early
Pliocene.

DESCRIPTION

Body Size—Judging from the holotype braincase juxtaposed
with isolated rostral fragments, an adult Nanosiren garciae skull
probably had a condylobasal length of approximately 280 mm.
The species’ closest living relative, Dugong dugon, provides the
best approximation to its body form and proportions. From neo-
nate to large adult, D. dugon body sizes range from 1.0 to 3.3 m
and 20 to 420 kg (Marsh et al., 1984; Bryden et al., 1998). Two
immature (5-year-old) female D. dugon with skull lengths of 276
and 299 mm had body lengths of 177 and 193 cm and body
masses of 132.5 and 115.9 kg, respectively (Janet Lanyon, un-
published data). A juvenile male (CAS 11038) with a skull length
of 287 mm had a body length of 164 cm and a mass of 180 pounds
(81.8 kg) (Harry, 1956). The skull:body length ratio would be
smaller in an adult than in these juveniles. Hence, with a skull
length of about 280 mm, an adult N. garciae might have approxi-
mated 2 m in body length and 150 kg in mass.

Premaxilla—The rostrum is large [c. 3(1)]; the premaxillary
symphysis is longer than 9 cm. The dorsal keel is sharp anteri-
orly, and broadens posteriorly into a convex surface. The poste-
rior end of the symphysis is raised in lateral view to form a
prominent rostral boss [c. 10(1)]; i.e., there is an abrupt step or
notch in the bone’s dorsal outline where this process is joined to
the symphyseal region. The lateral edges of the bone are thin
anteriorly; the sides of the anterior part are flat except where
they bulge slightly lateral to the tusk alveoli. The palatal surface
is rugose and shallowly concave. The nasopalatine canal is
slightly flattened dorsoventrally. The incisor alveoli extend much
less than half the length of the symphysis [c. 140(0)]. The opening
of the premaxillary canal lies posteroventral to the incisor alveo-

lus. The nasal process partly surrounds the enlarged and re-
tracted nasal opening (mesorostral fossa) [c. 8(1)], and is very
slender. The posterior end of the nasal process is not preserved
[c. 6(?), 7(?), 9(?)]. The mesorostral fossa is not constricted an-
teriorly by any medial bulge of the premaxilla. The rostral de-
flection is at least 50°, based on the deflection of the anterior part
of the maxilla, and possibly up to 60–65°, based on the mandibu-
lar deflection, or even 77° as observed in N. sanchezi (see below).

Nasal—Nasal bones are not apparent in the available speci-
mens, but were probably present, fused with the ethmoid and
frontals in the adult, and separated in the midline as in Crenato-
siren olseni (Domning, 1997) [c. 31(1), 32(1)]. The contours of
the lateral wall of the nasal cavity in N. garciae (concave,
smooth) contrast with those of C. olseni (convex, ridged). This
suggests that, as in C. olseni, a large, crescentic structure (com-
bining the nasal anteriorly and probably part of the ethmoid
posteriorly, and forming the convex, ridged surface), probably
lay against this smooth concavity, which is on the medial side of
the lamina orbitalis of the frontal. UF 203042 (see below) ap-
pears to display this relationship.

Ethmoidal Region—The perpendicular plate is 2 mm thick or
less in its midsection, but thicker dorsally and ventrally. Where it
joins the vomer to form the ventral part of the nasal septum, the
plate seems not to have extended more than 1 cm below the roof
of the narial passage. The thick upper part of the mesethmoid fits
into a median socket formed by the frontals; judging from the
shape of this socket (see below), the spina mesethmoidalis was
apparently directed strongly backward. The crista galli is promi-
nent and thick, with a strongly salient shoulder at its dorsal end.
The conchae are not intact on any specimen, but a lamina papy-
racea may perhaps be present, fused with the frontal and forming
the broad, smooth, slightly concave surface (noted above) on the
medial side of its lamina orbitalis. The dorsal edge of this surface
in UF 201840 curves dorsolaterally as a concha-like scroll, ex-
tending forward about 1.5 cm along the medial side of the lamina
orbitalis from just beneath the anterior frontal margin. USNM

FIGURE 1. Nanosiren garciae, composite restoration of skull and man-
dible in left lateral view. Braincase based on holotype, UF 201840; jugal
based on USNM 520117; rostrum based on USNM 323115, USNM
520106, and holotype of N. sanchezi; mandible based on middle Miocene
Nanosiren sp. from Maryland (USNM 16630). Form of supraorbital pro-
cess and lacrimal conjectural. Abbreviations: EO, exoccipital; FR, fron-
tal; J, jugal; L, lacrimal; MA, mandible; MX, maxilla; PA, parietal; PM,
premaxilla; SQ, squamosal. Scale bar equals 5 cm.
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520122 shows similar features. In the dorsally abraded skull frag-
ment UF 203042, comprising the ethmoid and the posterior parts
of the frontals, the ethmoid forms a large mass filling the space
dorsal to the nasal cavity. Extending anteroventrally from it on
either side, and separated from the perpendicular plate by a
space 3–5 mm wide, is a massive concha up to 14 mm thick which
is appressed to the medial side of the lamina orbitalis of the
frontal. This structure seems to correspond to the posterior, eth-
moid portion of the crescentic bony structure described above
for C. olseni, which in that species is continued anteriorly by the
nasal.

Vomer, Lacrimal—Not preserved.
Frontal—The supraorbital process is not preserved in any

specimen [c. 34(?), 36(?), 43(?), 44(?)]. Orbicular apophyses are
absent. Overall, the frontal roof is narrow and markedly concave
between strong, thick temporal crests, which are raised about 0.5
cm or more above the frontal roof and do not overhang laterally.
However, the frontal roof does not markedly slope ventrad to-
ward the anterior margin, but remains nearly parallel to the

plane of the dorsal edges of the temporal crests [c. 42(1)]. Be-
tween the temporal crests, the roof is transversely convex. At the
posterolateral corner of the gutter formed at either side of this
median convexity, an ellipsoidal swelling or boss about 2 cm long
extends forward from the frontoparietal suture, attached to the
medial side of the temporal crests (which are slightly thicker here
than more anteriorly), and tapers to an anterior point [c. 45(1)].
Behind the level of this point, the roof slopes backward, forming
an angle of 150–160° with the anterior half of the roof. The
frontal roof is only about 50–60 mm long in the midline, so the
anterior margin lies well behind the supraorbital process; this
implies the presence of a deep, narrow nasal incisure [c. 37(1)].
The anterior frontal margin is thin and jagged. The interfrontal
sutural surface bears interdigitations, and is divided by the back-
wardly-directed socket for the spina mesethmoidalis into an an-
terior, wedge-shaped portion about 1 cm thick dorsoventrally
and a much deeper and anteroposteriorly-longer posterior por-
tion. This posterior part of the roof has a maximum thickness in
the midline of 2–2.5 cm; this thickness diminishes to 1.5–2 cm at

FIGURE 3. Braincase of Nanosiren garciae (holotype, UF 201840). A, left lateral view; B, posterior view. Scale bar equals 5 cm.

FIGURE 2. Braincase of Nanosiren garciae (holotype, UF 201840). A, dorsal view; B, ventral view (showing wood and plasticine interior reinforcing
struts). Scale bar equals 5 cm.
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the frontoparietal suture. (In contrast, the frontal roof of Cre-
natosiren olseni is thicker overall, with corresponding measure-
ments of about 2 cm, 3.5–4 cm, and 2–2.5 cm, respectively.) The
length of the interfrontal suture on the endocranial surface is
2–2.5 cm (1.5–2 cm in C. olseni), and this suture runs almost
horizontally backward from the cribriform plate, rather than
sloping posterodorsad from it. The endocranial exposure of the
frontal is anteroposteriorly longer than the portion of the frontal
roof dorsal to the nasal cavity, which is only about 1.5 cm; this is
best seen on isolated frontals such as USNM 392232, 520109, and
520122. A ventral projection of the frontal lying lateral to the
cribriform plate separates the nasal and cranial cavities. The
slightly concave anterior part of the medial wall of the temporal
fossa is formed by the thin lamina orbitalis of the frontal [c.
38(0)]. A crista orbitotemporalis is absent.

Parietal—The cranial vault is trapezoidal in coronal section
anteriorly, and about 1–2 cm thick in the anterior midline. The
posterolateral corners of the roof are broadly indented by the
squamosals. The roof sometimes has a median convexity, but
overall it is concave between prominent, lyriform temporal crests
[c. 51(1)], which anteriorly may have sharply defined, medially
overhanging medial edges (type D of Domning, 1988:405), or
may be more smoothly rounded (type B or C). The posterior half
of the roof is bent downward relative to the anterior half, form-
ing an angle of about 150–155° between them. This produces a
more gradual transition between the parietal roof and the sur-
face of the supraoccipital, unlike Crenatosiren or other sirenians.
The internal occipital protuberance is prominent, but the tento-
rium is weak and the transverse sulcus is ill-defined at its lateral
extremities, with no distinct lateral pits. The bony falx cerebri is
sharp all the way to the frontoparietal suture. A median bump is
observed in front of the external occipital protuberance in some
specimens (e.g., USNM 520125), and occasionally a median em-
issary foramen is found just behind this bump (e.g., UF 97340).

Supraoccipital—The supraoccipital is 5- or 6-sided in outline,
and in UF 201840 it forms an angle of 117° with the posterior
part of the parietal roof. In other specimens this angle is consid-
erably more obtuse (137–150°), because of the strong curvature
of the roof itself, noted above. The external occipital protuber-
ance can be broad and triangular, or heart-shaped with a deep
indentation on its anterodorsal edge, or even entirely indistinct
from the semispinalis capitis muscle insertions; it rises only
slightly, if at all, above the course of the nuchal line, which passes
in front of it. The median ridge below the protuberance is very
strong, sometimes even thickening and increasing in height to-
wards its ventral end (USNM 520125). The nuchal line, which is
concave posteriorly, is sometimes marked near the midline by a
distinct ridge, in other cases (e.g., UF 201840) merely by a nar-
row crevice. Laterally it is formed only by the sharp but low
borders of the semispinalis capitis insertions. The rugose areas
for the semispinalis insertions usually are sharply delimited ven-
trally as well as dorsally; they extend the entire distance from the
external occipital protuberance to the bone’s lateral edges, and
even continue onto the lateral surfaces of the bone. The lower
part of the bone is concave on either side of the median ridge,
and broadly convex more laterally. The lateral borders of the
supraoccipital are thick; in outline, their upper corners may
slightly overhang the lower corners. The ratio of width to height
of the supraoccipital is 1.37–1.71. The sutural surfaces for the
exoccipitals are separated in the midline (sometimes by a notch),
and form an angle of about 115–132°.

Exoccipitals—Do not meet in dorsal midline [c. 66(1)]. The
foramen magnum has an acute dorsal peak. The dorsolateral
borders are more or less smoothly rounded [c. 70(0)], sometimes
with a sharper posterior edge. The supracondylar fossae are
moderately deep (deeper and more distinct on the right side in
UF 201840) [c. 67(2)]. The arc of the condylar articular surface
subtends an angle of about 95–127°. The condyloid foramen is

TABLE 1. Measurements (in mm) of skulls of Nanosiren sanchezi (holotype, UNEFM-VF-041) and five specimens of N. garciae (holotype, UF
201840).

Dimension
UNEFM-
VF-041

UF
93245

UF
97340

UF
201840

USNM
520123

USNM
520124

ab Height of jugal below orbit 34 — — — — —
AH Length of premaxillary symphysis 120e — — — — —
CC’ Zygomatic breadth — — — 159 — —
cc’ Breadth across exoccipitals — — — 114e — —
de Top of supraoccipital to ventral sides of occipital condyles — — — 86 — —
ff’ Breadth across occipital condyles — — — 80 — —
GG’ Breadth of cranium at frontoparietal suture 54 — — 48 47e —
gg’ Width of foramen magnum — — — 36 — —
hi Height of foramen magnum 32e — — 36e — —
JJ’ Width of mesorostral fossa 42e — — — — —
KL Maximum height of rostrum 49 — — — — —
MM’ Posterior breadth of rostral masticating surface 33e — — — — —
no Anteroposterior length of zygomatic-orbital bridge of maxilla 16e — — — — —
OP Length of zygomatic process of squamosal 83 — — 96 — —
OT Anterior tip of zygomatic process to rear edge of squamosal

below mastoid foramen
107 — — 125 — —

P Length of parietals, frontoparietal suture to rear of external
occipital protuberance

70 — — 74 73 —

pq Length of row of tooth alveoli 50e — — — — —
QR Anteroposterior length of root of zygomatic process of squamosal 37 — — 39 — —
ss’ Breadth across sigmoid ridges of squamosals — — — 153 — —
ST Length of cranial portion of squamosal 70 — — — — —
T Dorsoventral thickness of zygomatic-orbital bridge 8 — — — — —
UV Height of posterior part of cranial portion of squamosal 72 — — — — —
WX Dorsoventral breadth of zygomatic process 32 — — 35 — —
yy’ Maximum width between pterygoid processes — — — 29+ — —
YZ Length of jugal 103+ — — — — —
LFr Length of frontals in midline 58 — — — — —
HSo Height of supraoccipital 39 42 46 46 39 45
WSo Width of supraoccipital 62 72 63 69 64 65

Abbreviations: e � estimated, + � measurement on incomplete element.
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replaced by a shallow groove, as in manatees (Trichechus)—an
unusual feature for dugongids. The condyle reaches the same
level as the paroccipital process.

Basioccipital—Broad and dorsoventrally thin, with a slightly
concave dorsal surface and a relatively flat ventral surface only
faintly marked by the insertions of the longus capitis muscles. In
the absence of pronounced rugosities for these muscles, the an-
terior and posterior slopes of this surface are both rather gentle.
The breadth and thinness of the bone are illustrated by the ratio
of its breadth (measured 2.5 cm behind the basioccipital-
basisphenoid suture) to its thickness in the midline at the same
level: in the immature specimen USNM 520112 this ratio is 6.60,
and in the adult holotype UF 201840 it is 5.44. For comparison,
it is only 2.75 in USNM 16630, the immature Nanosiren sp. from
Maryland (see below), whose proportions are more nearly typi-
cal of other dugongids.

Basisphenoid—The sella turcica is shallow, as in other sire-
nians; the dorsum sellae and tuberculum sellae are both formed
by low transverse ridges.

Presphenoid—No orbitosphenoidal crest or chiasmatic
grooves are present.

Orbitosphenoid—Not preserved.
Alisphenoid—An alisphenoid canal is absent [c. 101(1)]. The

pterygoid process is stout, and the upper part of its lateral side
lacks sculpture; about 1.5 cm below the squamosal suture, a
prominent, sharp ridge arises and continues anteroventrad. The
ventral part of the process is not preserved. A slight convexity
extends anteroventrad from the anterior end of the sutural sur-
face for the squamosal to the edge of the alisphenoid. The
notch that takes the place of the foramen ovale is shallow [c.
103(1)].

Pterygoid—The pterygoid fossa is broad at its upper end,
which lies about 0.5 cm below the roof of the internal nares [c.
102(2)]. The lateral and medial edges of the fossa are low at the
fossa’s upper end, but have a well-defined intersection. The me-
dial edge of the fossa projects farther posteriorly than the lateral
edge.

Palatine—Not preserved [c. 97(?)]. However, since the inter-
maxillary suture ends anterior to the rear edge of the zygomatic-
orbital bridge (Fig. 4A), it is apparent that a thin palatine must
have extended to this same level [c. 16(0), 99(0)].

Maxilla—The alveolar portion is proportionately slightly thin-
ner dorsoventrally than in dugongids like Metaxytherium. The
edges of the palatal surface are lyriform; the surface narrows in
front of the cheek teeth to a width of some 6 mm, then widens at
the posterior end of the rostral masticating surface. The palatal
gutter is deep. The palatal and rostral surfaces of the maxilla
meet in a smooth curve; the palatal part is deflected about 50°
from the occlusal plane. The rear end of the interdigitated inter-
maxillary suture lies at the front of DP5 (UF/FGS V-5946, Fig.
4A). The palate anterior to this is 19–22 mm thick in the midline.
The zygomatic-orbital bridge is elevated about 5 mm above the
alveolar margin, and is only gently arched [c. 11(0)]. The poste-
rior edge of the bridge is thick and rounded, the anterior part
thinner; its anteroposterior length in USNM 531471 is short (18
mm) relative to its thickness (10 mm) [c. 14(1)]. The infraorbital
foramen is not preserved [c. 13(?)], but the ventral side of the
infraorbital canal displays no obstruction [c. 20(0?)].

Squamosal—Dorsally in broad contact (about 2.5 cm long)
with the squared posterior part of the parietal roof [c. 76(1)]. The
sigmoid ridge is strong and rugose, overhanging posteriorly [c.
74(0)]. The mastoid indentation is deep. The posttympanic pro-
cess is distinct [c. 73(1)]. The external auditory meatus is short
mediolaterally [c. 75(1)] and probably about as wide anteropos-
teriorly as high [c. 82(1?)]. The surface of the cranial portion
dorsal to the posterior part of the zygomatic root bulges into a
distinct shelf that extends backward parallel to the parietal-
squamosal suture. The postglenoid process is broken, but it and

the postarticular fossa are well developed. The temporal condyle
is strongly convex anteroposteriorly and protrudes well below
the concave ventral border of the zygomatic process, making it
prominent in lateral view (Fig. 1). On the anterolateral side of
the condyle, a small sharp crest marks the posterior end of the
suture with the jugal. The zygomatic process, represented by
numerous isolated specimens, is distinctively sigmoid overall,
with a strongly and evenly rounded posterodorsal outline, a
markedly concave ventral border, and an elongate posteroven-
tral corner that extends well below the line of the squamosal-
jugal suture (Figs. 1, 3A). The latter corner is a thick, rounded
process that ventrally curves inward almost as strongly as in
Dugong dugon, and forms the processus retroversus [c. 77(3)].
On its medial side, this process is ventral to and well separated
from the posterior edge of the zygomatic root (as in N. sanchezi,
Fig. 12B). The edge of the root extends backward to form an
additional convexity, dorsal to the processus retroversus, on the
posterior edge of the zygomatic process; but this dorsal termina-
tion of the process is slightly developed at best (e.g., in UF
201837), and in lateral view it is often barely noticeable. The
processus retroversus is separated from the postglenoid process
by a deep groove, varying slightly in width depending on the
former’s degree of inward curvature. The posterodorsal edge of
the zygomatic process is only slightly convex laterad. The zygo-
matic process narrows anteriorly in lateral view, and in its ante-
rior third it turns inward rather abruptly and widens mediolat-
erally (resembling Dugong). Here the ventromedial edge be-
comes sharp, though farther back the edge is smooth and obtuse,
in contrast to the acute, sometimes slightly jagged ventrolateral
edge. The medial side of the zygomatic process is flat and in-
clined inward dorsally [c. 84(0)].

Jugal—Highly distinctive in lateral outline: narrow from its
anterior end to beneath the middle of the orbit, then abruptly
increasing in depth and thickness under the posterior part of the
orbit (creating a prominent notch in the outline), before tapering
quickly to the posterior end (Fig. 1). The 5 cm-long anterior
section is not flattened, but has a strong laterally-projecting lon-
gitudinal ridge that gives the process a more triangular cross
section. It measures about 12 mm in anteromedial-posterolateral

FIGURE 4. Nanosiren garciae. A, right maxilla with M1-2 and alveoli
for DP4-5 (UF/FGS V-5946), occlusal view. B, right m1 in occlusal view
(USNM 520130). C, unworn left m3 in labial view (USNM 520129). D,
fragment of left mandible with unworn m3 in occlusal view and alveoli
for m1-2 (USNM 520129). Scale bar equals 1 cm. Drawings by Jennifer
Emry.
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thickness just in front of the orbit, and 13 mm in anterolateral-
posteromedial width (USNM 520117, Fig. 1; 13 and 15 mm, re-
spectively, in the holotype UF 201840). Therefore, like Crenato-
siren olseni, it is scored as having c. 88(0), though it comes close
to 88(1). Its anterolateral surface is slightly convex, and its an-
terior edge is sharp. Whether it contacted the premaxilla is un-
known [c. 87(?)]. The anteromedial surface articulates with the
maxilla; a rugose area about 2 cm long on the upper part of the
lateral surface articulates with the lacrimal. In UF 201840 there
is a prominent lateral protuberance in the lower part of this area,
and the rugosity gives less of an appearance of having served as
a sutural surface, being more convex than concave. Just behind
the level of the center of the orbit, the jugal’s ventral margin
abruptly turns straight down for more than 1 cm, then curves
posteroventrally to the bone’s ventralmost point, which lies be-
low the orbit’s posterior edge [c. 85(1)]. In this region the bone
is about 1 cm thick mediolaterally. The ventral margin then rises
evenly to the rear end of the zygomatic process. This process was
slightly longer than the diameter of the orbit, and (judging from
its imprint on the squamosal) extended posterad to the front
edge of the temporal condyle [c. 89(0)]. No raised postorbital
process is present in front of the tip of the squamosal. The ven-
tral margin of the orbit is slightly overhanging [c. 90(1)], but not
as a thin lip. The lateral surface posteroventral to the orbit is
broadly convex.

One jugal from the “Dixie Site” (USNM 531460) does not
show the notched anteroventral outline described above. In-
stead, its anteroventral margin is nearly straight with only a slight
concavity, as in Nanosiren sanchezi (see below). Although the
bone is somewhat abraded, this seems insufficient to account for
the difference; nor does it appear to have been reworked from
older deposits, since it was associated with the other bones of N.
garciae at the “Dixie Site” and shares their dark gray color and
preservation. It may simply be a plesiomorphic individual, indi-
cating that the early Pliocene population was polymorphic for
the “notched” morphology (which is nonetheless unique to N.
garciae and diagnostic of this species when it does occur).

Periotic—Fragments of both periotics are preserved in UF
201840, set in sockets in the squamosals and apparently not in
contact with the alisphenoids. The lateral surfaces are relatively
smooth; a low convexity marks the boundary between partes
temporalis and mastoideus. The anteroventral notch between
these two parts is V-shaped. The anteromedial end of the pars
temporalis (tegmen tympani) tapers abruptly. The pars mastoi-
deus bears an oval processus fonticulus with raised edges and a
concave center; its sharp outline reflects the shape of the deep
mastoid indentation on the squamosal, into which the processus
fonticulus fits. The posterolateral edge of the pars mastoideus is
not sharp. The cavity above the aquaeductus vestibuli is elon-
gated laterad over the medial shelf of the pars temporalis. The
fossa for origin of m. stapedius is a broad concavity. The pars
petrosa is mostly missing; the bulge on its endocranial surface,
dorsally overhanging the internal auditory meatus, is prominent,
massive, and subcylindrical.

Tympanic—The isolated tympanic UF 211919 may be refer-
able to this taxon. It is bulbous and has a prominent vertical
groove located posteriorly on its medial side, but is otherwise
unremarkable.

Malleus, Incus, Stapes—Not preserved.
Mandible—Known only from fragments. In USNM 531479,

the condyle is irregularly elliptical and flat, overhanging laterally
but with an irregular lump just below it on the lateral side. The
posterior border of the condylar process is wide and convex
(transversely and especially dorsoventrally), with a sharp medial
edge; the notch in the border is smooth, without a distinct step at
its lower end [c. 125(2)]. The coronoid process and angle are not
preserved [c. 126(?), 129(?)]. In USNM 520128, the coronoid
arch has a sharp ventral edge but no pronounced medial bulge,

and the coronoid canal and exposed dental capsule resemble
those of most other dugongids [c. 127(1)]; the surface lateral to
m3 slopes steeply. Other specimens indicate a horizontal ramus
that was anteroposteriorly short and dorsoventrally deep as is
typical for Neogene dugongids [c. 128(1?)], with a strongly con-
cave ventral border [c. 122(3)] and probably a single large mental
foramen [c. 123(1)]. In USNM 520118 and 531473, the anterodor-
sal margin of this foramen is formed by irregular ridges, and the
dorsal side of the mandibular canal is pierced by small dorsad-
directed nutrient canals extending to the masticating surface. In
USNM 531473, the dorsal edge of the ramus is thin anteriorly;
the rugose masticating surface is wide [c. 121(1)] and deflected
approximately 60–65°. The lateral edges of the masticating sur-
face are convex in outline but overhang only slightly. In USNM
520118 and 520133, the posteroventral side of the symphysis is
nearly flat and the ventral side is convex transversely and an-
teroposteriorly. The symphyseal suture is unfused posteriorly,
with a flat surface marked by vascular canals leading anteroven-
trad from a few small foramina; however, some small areas of
fusion exist dorsally and anteriorly.

Dentition—A small I1 tusk was present, as indicated by an
alveolus at the tip of the premaxilla [c. 140(0)], but no examples
are preserved. I2-3, i1-3, and all canines and permanent premo-
lars are absent, leaving at least the last two deciduous premolars
and molars 1-3 to constitute the lifetime cheek dentition [c.
143(1), 144(2), 146(1), 150(0), 151(0), 155(1), 157(2), 158(0)]. In
the maxilla UF/FGS V-5946 (Fig. 4A), there is a quartet of al-
veoli (presumably representing the three alveoli of DP5 and a
partly obliterated set of alveoli for DP4; cf. Domning and Per-
vesler, 2001:39) anterior to M1, and a crypt behind M2 for the
unerupted M3. The adult cheek dentition comprised DP5-M3 or
M1-3, as in most other Neogene dugongids. The molar enamel is
smooth [c. 156(0)].

DP4-5: Not preserved.
M1: Three-rooted; has two tricuspate lophs joined to well-

developed pre- and postcingula in the typical dugongid pattern.
The precingulum is smooth lingually, with one distinct cuspule
toward its labial end (UF/FGS V-5946). The paracone extends
forward to join the labial end of the precingulum, enclosing an
anterior cingular valley. The transverse valley is not blocked by
accessory cuspules, but is constricted lingually by the protocone
and hypocone. The hypoloph is straight; the metaconule does not
lie anterior to the metacone and hypocone. The postcingulum is
formed by a low cusp or shoulder on a ridge joined lingually to
the hypocone; together with a posterior spur of metacone, it
almost encloses a posterior cingular valley.

M2: Three-rooted; similar in pattern to M1, but distinctly
broader, with a long lingual slope toward the base of the crown.
The precingulum is smooth. In UF/FGS V-5946, the transverse
valley is blocked by a large cuspule appressed to the protocone.

M3, dp4: Not preserved.
?dp5: UF 211701, an isolated, two-rooted tooth, is moderately

worn and displays a trilobate wear surface on the protolophid.
No anterolabial indentation of the crown (“vorderes Basalband”
of Abel, 1904) is present. The transverse valley is open but con-
stricted labially by the hypoconid. The lingual half of the hypo-
lophid is straight and transverse; the hypoconid extends forward
and back from it and has a wear surface that is bifurcate poste-
riorly. Just behind this bifurcation is a distinct labial cuspule,
from which a ridge curves lingually to enclose the hypoconulid
basin.

m1 (Fig. 4B): USNM 520130 has two subequal, anteroposte-
riorly-flattened roots and a slightly worn crown. The anterior
side of the crown has an interdental wear facet but no “vorderes
Basalband.” The protolophid is G-shaped, with a slight thicken-
ing near the middle of the anterior crest representing an incipient
cuspule. The transverse valley is deep, but blocked by a strong
crista obliqua formed by an anterolingual spur of the hypoconid.
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There are no accessory cusps on the hypolophid. The hypoco-
nulid lophule comprises a large posterolabial cusp, whose thick
anterolingual spur contacts a small spur of the hypolophid to
bisect the hypoconulid basin. The basin is bounded lingually by
a ridge, but open labially.

m2: Not preserved.
m3: Two-rooted; the posterior root is larger, and in USNM

520129 it opens into the mandibular canal with an apical aperture
4 mm wide (Fig. 4C, D). The crown of this unworn, partly
erupted tooth lacks a “vorderes Basalband,” and has a G-shaped
protolophid, a crista obliqua, no accessory cusps on the hypolo-
phid, and a moderate-sized but not Y-shaped hypoconulid loph-
ule. The latter comprises a large labial and a smaller, centrally-
located posterior cuspule; the hypoconulid basin is open postero-
lingually.

Hyoid Apparatus—Not preserved.
Vertebrae—Resemble those of other dugongids, but no asso-

ciated vertebral column is known. In the closely related living
species, Dugong dugon, the column comprises 7 cervical, 18-19
thoracic, 3 lumbar, 1 sacral, and about 32 caudal vertebrae.

Axis: USNM 531715 lacks the arch; the odontoid process is
short and thick, flat at the tip, turned up at the anterior end, and
bears a distinct facet for the atlas (Table 3). The transverse pro-
cesses are small and do not extend lateral to the cotyles. The
transverse foramina are open notches. Another, slightly larger
axis (USNM 323187) has a more irregular tip of the odontoid
process.

Thoracic vertebrae: The neural spines have a sharp median
posterior crest extending down to the neural canal; usually, the
ventral end of the crest is especially protuberant (Table 4). In
Metaxytherium such a posterior crest is not generally present. On
the middle thoracics USNM 323112 and 531478, and apparently
on the damaged posterior thoracic UF 203041, the base of the
spine is constricted anteroposteriorly, in a manner resembling
Caribosiren turneri (Reinhart, 1959:fig. 3B). A posteromost tho-
racic (USNM 534363) has a rough, flattish dorsolateral surface of
the pedicle and centrum, immediately dorsal to the rib articula-
tion; the anterior and posterior edges of this surface are sharp
and straight, and form prominent borders of the grooves that
pass ventrolaterad from the anterior and posterior vertebral
notches, respectively.

Caudal vertebrae: Resemble those of other dugongids, with
transverse processes extending straight laterally from hexagonal
centra (Table 4).

Ribs—All are composed of compact bone except for some
cancellous bone in the proximal ends. A right R1 (USNM
520120) lacks its capitulum, tuberculum, and longus capitis pro-
cess, but its total length from broken neck to distal end is 114
mm; its midshaft diameters are 18 × 14 mm. Its angle forms a
prominent shoulder, its outline almost a right angle in anterior
view, but rather thin anteroposteriorly and concave on its pos-
terior surface. Distal to the angle, the shaft bears a longitudinal
crest posteriorly; the distal end of the rib is broadened slightly,
flattened, and incurved, as is typical of dugongids. Another right
R1 (USNM 531476) is similar in condition and morphology, but
larger (preserved length 124 mm, diameters 25 × 16 mm). Shafts
of other ribs are slender and subcylindrical, without marked
swelling of anterior ribs as seen in some Crenatosiren olseni
(Domning, 1997:fig. 7). Midshaft diameters of typical adult ribs
are approximately 2.5 × 2.0 cm. The total straight-line length of
a mid-thoracic rib from the “Dixie Site” is 245 mm.

Sternum—UF 132909 (Fig. 5) is a fully fused sternum lacking
the xiphoid process, 118 mm long as preserved. The manubrial
portion is asymmetrical, about 6 cm long, with a rounded ante-
rior tip and a posterior thickness of about 16 mm; it is wider
(about 5 cm) at the middle of its anterior process than farther
back at the anterior rib articulations (39 mm). The anterior pro-
cess bears an asymmetrical ventral keel that is 4.5 cm long but

TABLE 2. Linear dimensions (in mm) of cheek teeth of middle Miocene Nanosiren sp. from Maryland (USNM 16630), late Miocene N. sanchezi
from Venezuela (holotype, UNEFM-VF-041), and six specimens of early Pliocene Nanosiren garciae from Florida.

Tooth and
Dimension

USNM
16630
(left)

USNM
16630
(right)

UNEFM-
VF-041

(left)

UF/FGS
V-5946
(right)

USNM
520115
(left)

USNM
520115
(right)

USNM
520127
(right)

UF
211701
(left)

USNM
520129
(left)

USNM
520130
(right)

M1 L — — 11.1 12.4 — 12.9 11.7 — — —
M1 AW — — 11.7 10.4 — 11.1 10.5 — — —
M1 PW — — 11.2 10.2 — 10.5 9.3 — — —
M2 L — — 12.9 13.8 13.7 13.9 — — — —
M2 AW — — 12.0 12.2 12.9 12.4 — — — —
M2 PW — — 11.1 12.3 11.9 11.9 — — — —
M3 L — — 16.0e — — — — — — —
M3 AW — — 12.3 — — — — — — —
M3 PW — — 11.2 — — — — — — —
dp5 L — — — — — — — 11.8 — —
dp5 AW — — — — — — — 8.0 — —
dp5 PW — — — — — — — 8.5 — —
m1 L 14.7 14.5 — — — — — — — 13.3
m1 AW 10.8 10.9 — — — — — — — 9.4
m1 PW 11.1 11.0 — — — — — — — 9.4
m2 L — 16.7 — — — — — — — —
m2 AW — 12.6 — — — — — — — —
m2 PW — 12.7 — — — — — — — —
m3 L 17.5 17.5 — — — — — — 15.0 —
m3 AW 13.0 12.5 — — — — — — 10.1 —
m3 PW 12.5 12.5 — — — — — — 8.5 —

Abbreviations: L � crown length; AW � anterior width; PW � posterior width; e � estimated.

TABLE 3. Measurements (in mm) of axes of Nanosiren garciae.

USNM
323187

USNM
531715

USNM
534364

Length, tip of odontoid process to rear
of centrum

42 32 43

Breadth across cotyles 72 56 71
Breadth of cotyle 29 23 25
Height of cotyle 30 27 29
Posterior breadth of centrum 47 38 47
Posterior height of centrum 29 25 27
Width of neural canal 28e 24 29e
Breadth across transverse processes — 55 —

Abbreviation: e � estimated.
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most distinct in its anterior 2.5 cm, being accentuated by hollows
on either side. The xiphisternal portion, which begins at the
middle of the second rib articulation, reaches its maximum width
of 45 mm at the rear edge of this articulation. Three pairs of rib
articulations are present; the bone is broken just behind the
third.

Scapula—Only fragments are preserved; all consist of dense
bone and resemble those of other dugongids (e.g., Kellogg,
1966:pl. 43) (Table 5). The spine overhangs posteriorly. In
USNM 534368, the coracoid process is relatively small, and the
glenoid fossa is wide and oval.

Humerus—Robust and dumbbell-shaped, resembling Metaxy-
therium in miniature, with large tubercles diverging at an angle of
about 85°, and a deep bicipital groove (Fig. 6, Table 6). The
greater tubercle extends proximad of the head, and has a large
anteromedial flange. The lesser tubercle is not elongated distally.
The deltoid crest is prominent and strongly recurved. The head
is broadened mediolaterally, rather than elongated obliquely to
the shaft. On UF 130128, an exceptionally well-preserved mature
adult humerus, there are two sharply defined, protuberant
muscle scars on the lateral side level with the head, the anterior
one for m. infraspinatus and the posterior, somewhat triangular
one probably for the lateral head of m. triceps brachii; the scars
for mm. supraspinatus and subscapularis are also well defined
(cf. Domning, 1977). The olecranon fossa is well defined. The
trochlea forms an angle of about 70° with the shaft (compared
with about 82° in Crenatosiren olseni; Domning, 1997:fig. 6), and
sometimes (UF 130128, USNM 531485) has an indentation in its
posterolateral margin for a humero-ulnar ligament, as in Du-
gong.

Of peculiar interest is USNM 323113 (Table 6), which is not
only the smallest adult Bone Valley specimen (despite having
fully fused epiphyses), but also has unusual features as well. The
lesser tubercle is missing but seems atrophied rather than broken
or abraded; the bone surface where it should be is smooth and
nearly flat. A small, posteriorly-recurved flange is present at the
distal edge of what would have been the root of the missing
tubercle. The neck is unusually short, especially as seen at the
distal margin of the head, and the head seems appressed to the

shaft, facing more posterad and less proximad than is typical of
dugongids. The trochlea is canted about 75° to the shaft. This
specimen may be pathological, and/or may represent an earlier,
middle Miocene species of Nanosiren (see below).

Radius-ulna—Fused to each other with slight torsion (Table
7). The anterior side of the olecranon process is not tilted back
sharply, and forms an angle of only about 30° to the axis of the
ulnar shaft. The posterior side of the olecranon is straight and
parallel to the axis of the shaft (USNM 323114), or slightly con-
vex in outline (USNM 377481), or the whole proximal end of the
bone is curved backward with a concave posterior edge (UF
224884). In UF 60835 and USNM 377481, the medial side of the
ulna is deeply concave proximally. In UF 224884, the tip of the
olecranon has a posteromedial projection. The proximal (ulnar)
and distal (radioulnar) articular surfaces for the humerus are
separated laterally by a distinct linear cleft 1–1.5 cm long, and by
a small to large, centrally-located pit at this cleft’s medial end.
The semilunar notch is not constricted mediolaterally at its mid-
section, or only slightly so (USNM 531723). The shaft of the
radius is flattened anteroposteriorly.

Manus, Innominate—Not preserved.

NANOSIREN SANCHEZI, sp. nov. Domning and Aguilera
(Figs. 7–15; Tables 1, 2)

Holotype—UNEFM-VF-041, disarticulated partial skull of
subadult (left premaxilla and maxilla with I1 and M1-3, frontals,
ethmoid, parietal-supraoccipital skullcap, right exoccipital, left
jugal, right squamosal) and associated ribs. Collected by R.
Sanchez, D. Domning, and J. Reyes, 2–7 Aug. 2002. Casts are
deposited in the Alcaldía de Urumaco (AMU-CURS 88), UF,
and USNM.

Type Locality—FMU 029, 3.8 km N of Urumaco (Norte de El
Mamón), Estado Falcón, Venezuela (11° 14� 56.58� N, 70° 16�
37.64� W, REGVEN) (Fig. 7).

Formation—Upper member of Urumaco Formation. This for-
mation, in the Falcon Basin of northwestern Venezuela, is char-
acterized by diverse faunal associations in continental (savan-
nas), freshwater (swamps and rivers), brackish (estuarine), and

TABLE 4. Measurements (in mm) of non-associated vertebrae of Nanosiren sp. (ChM PV2692) and Nanosiren garciae.

Specimen No.

Breadth
across

transverse
processes

Posterior
breadth of

centrum

Height of
centrum in

midline

Thickness of
centrum in

midline

Width of
neural
canal

Height of
neural
canal

Height of
neural spine
above neural

canal

Maximum
length, front

to rear of
zygapophyses

Breadth across
postzygapophyses

ChM PV2692
(thoracic)

78 44e — 30 17 — — — —

USNM 534360
(anterior thoracic)

130e — — — 50e — 73 52e 55e

USNM 323112
(middle thoracic)

81 56 40 37 24 15 — 56 26

USNM 531478
(middle thoracic)

83 66 — 36 26 17e 62 — —

USNM 534366
(middle thoracic)

81 52 32 31 24 19 — — —

UF 203041
(posterior thoracic)

73 58 39 36 23 18 — 59 29

USNM 359682
(posterior thoracic)

97 66 52 43 23 15 — — —

USNM 531639
(posterior thoracic)

98 70 45 47 28 19e — — —

USNM 534363
(posterior thoracic)

82e 67 45 38 25 17 — — —

USNM 534365
(posterior thoracic)

81 56 41 36 23 14 — — —

USNM 520119
(caudal)

— 56 38 31 16 17 — N/A N/A

USNM 531475
(peduncular caudal)

— 40e 31 24 10 — — N/A N/A

Abbreviations: e � estimated; N/A � not applicable.
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marine (coastal lagoon, salt marsh, and sandy littoral) environ-
ments. Each assemblage can be correlated with a distinctive sedi-
mentary environment. The following facies are apparent: shallow
marine (rich in mollusks and fishes); brackish water (rich in ma-
rine catfish); and swampy paleoenvironments (rich in crocodil-
ians, freshwater and marine turtles, sirenians, and freshwater
catfish) (Aguilera, 2004; Sánchez-Villagra and Aguilera, 2006).
Three informal members (lower, middle, and upper) are recog-
nized within the Urumaco Formation (Díaz de Gamero and Li-
nares, 1989; Ministerio de Energía y Minas, 1997). The upper
member of the Urumaco Formation, the object of this research,
comprises gray to brown, often limey claystones with thin inter-
calated and locally shelly sandstones. The uppermost layer is
referred to as the “Capa de Tortugas” because of its abundant
remains of Bairdemys turtles (Díaz de Gamero and Linares,
1989) and (according to Winkler and Sánchez-Villagra, 2006) a
nesting site with eggshells assignable to Bairdemys venezuelensis,
suggesting that the eggs were deposited in a beach directly facing
the sea or brackish waters, perhaps near a river delta or lagoon.
Several localities and levels have concentrations of vertebrate
fossils, mostly freshwater fishes, turtles, and crocodilians, and
terrestrial and aquatic/semiaquatic mammals (Aguilera, 2004;
Sánchez-Villagra and Aguilera, 2006). Based on Hambalek et al.
(1994), the paleoenvironment of the upper member was tropical
nearshore marine to low coastal savannas subject to tidal and
freshwater flow, surrounded by mangrove vegetation.

The specimens described here came from below the “Capa de
Tortugas” in the upper member, but not from its type section.
The holotype of Nanosiren sanchezi was found in the eroded
bank of a small ephemeral stream. The section there exposes a
massive light-gray argillite in the upper part; the base displays a
lens of dark reddish, weathered muddy sandstone which con-
tained most of the sirenian material (Aguilera, 2004: photos, pp.
23 and 42). The associated fauna immediately above this level
comprises sharks (Carcharhinus), saw-sharks (Pristis), rays
(Myliobatis), and the marine catfish Bagre.

TABLE 5. Measurements (in mm) of scapulae of Nanosiren garciae. Letters in parentheses denote measurements used by Domning (1978: tab. 17).

Dimension*
UF 97350 (left)

(immature)
USNM 531721
(left) (juvenile)

UF 40054
(right)

UF 102087
(right)

UF 132911
(left)

USNM 534367
(left)

USNM 534368
(right)

BI 18+ 12+ 18+ 27 26 29 36
BJ 22+ 15+ 17+ 31 31e 30e 30e
EF 22 16 22 27 26 28 32
GH 28+ 18+ 29+ 49 49 50 53
MN — — — 34 38 40 42

Abbreviations: e � estimated; + � measurement on bone lacking epiphysis.
*BI � mediolateral width of glenoid fossa; BJ � lateral border of glenoid fossa to inside of concave distal end of spine; EF � minimum
anteroposterior breadth of neck; GH � maximum anteroposterior breadth of distal end; MN � anteroposterior length of glenoid fossa.

FIGURE 5. Sternum of Nanosiren garciae (UF 132909), ventral view;
xiphoid process missing. Scale bar equals 5 cm.

FIGURE 6. Left humerus of Nanosiren garciae (UF 130128). A, pos-
terior view; B, lateral view; C, anterior view; D, medial view. Scale bar
equals 5 cm.
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Age—The Urumaco Formation is late Miocene in age, as in-
dicated by foraminiferans, and probably encompasses the Cha-
sicoan-Huayquerian South American land mammal ages (Díaz
de Gamero and Linares, 1989), approximately 9 Ma (Marshall
and Sempere, 1993).

Referred Specimens—AMU-CURS 89, two caudal vertebrae
from the type locality; coll. R. Sanchez, 2 Aug. 2002. AMU-
CURS 185, thoracic vertebra from east of Quebrada Tío Grego-
rio; coll. O. Aguilera, 4 Aug. 2002.

Range—Known only from the late Miocene of Venezuela.
Diagnosis—Nanosiren differing from N. garciae by having a

less pronounced rostral boss on the premaxilla; a temporal con-
dyle and processus retroversus of the squamosal that do not
project so far ventrally in lateral view; a gently concave, not
deeply notched anteroventral border of the jugal; and a more
abruptly tapering jugal-squamosal contact surface.

Etymology—Named in honor of Rodolfo Sánchez Garvet, Di-
rector Municipal de Paleontología, Urumaco, who discovered,
helped collect, and prepared the type specimen.

DESCRIPTION

The following abbreviated description emphasizes differences
from N. garciae.

FIGURE 7. Map of the Urumaco area, Venezuela, showing the type
locality of Nanosiren sanchezi (FMU 029) and the locality of a large
sirenian rib, cf. Metaxytherium (FMU 025).T
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TABLE 7. Measurements (in mm) of radii and ulnae of Nanosiren
garciae.

Dimension

UF
60835
(left)

UF
224884
(right)

USNM
323114
(right)

USNM
377466
(left)

USNM
377481
(left)

USNM
531723
(left)

CD — — — 108 — —
EC — — 20 — 26 —
EF — 24 22 — 24e 30e
IJ 33 — 31 32 40 42
KL — 19e 17 — 20 23e
OP — 18 17 — 19 23

Abbreviations: CD � total length of radius, anterior lip of semilunar
notch to distal end; EC � height of semilunar notch, anterior tip of
olecranon to anterior radial lip of notch; EF � thickness of olecranon,
anterior tip to posterior side; IJ � maximum mediolateral breadth, ra-
dial portion of semilunar notch; KL � maximum mediolateral breadth,
upper part of ulnar portion of semilunar notch; OP � minimum thick-
ness of olecranon, posterior side to semilunar notch; e � estimated.
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Body Size—Same as that of N. garciae. Its size relative to
well-known Miocene dugongids such as Metaxytherium is shown
by the ribs in Figure 15.

Premaxilla—The rostrum is large [c. 3(1)]; the premaxillary
symphysis, damaged at its tip, was about 12 cm long (Figs. 8, 9).
The posterior end of the symphysis is raised slightly in lateral
view to form a rostral boss [c. 10(1)], but this boss is much less
pronounced than in N. garciae; i.e., there is no abrupt step or
notch in the bone’s dorsal outline just behind the symphysis as in
N. garciae. The sides of the anterior part of the rostrum are flat,
and do not bulge noticeably lateral to the tusk alveoli. The na-

sopalatine canal is not much flattened dorsoventrally. The inci-
sor alveoli, as indicated by the exposed root of the tusk, are
about 3 cm deep, thus extending much less than half the length
of the symphysis [c. 140(0)]. The nasal process is thin and taper-
ing [c. 6(0)] and very short [c. 7(1)]. The mesorostral fossa
[c. 8(1)] is not constricted anteriorly. The rostral deflection is
about 77°.

Nasal—Nasal bones are not apparent but were probably pres-
ent, as described above for N. garciae [c. 31(1), 32(1)].

Ethmoidal Region—The perpendicular plate is only about 1
mm thick in its midsection, but thicker dorsally and ventrally
(Fig. 10). The plate seems not to have extended more than 1 cm
below the roof of the narial passage. The crista galli is prominent
and thick, with a strongly salient shoulder at its dorsal end. The
conchae are not preserved. Vomer, Lacrimal—Not preserved.
The lacrimal may have been small as it does not seem to have
had a very large contact area on the jugal (q.v.).

Frontal—The supraorbital processes are missing [c. 36(?),
43(?), 44(?)] (Fig. 10). Orbicular apophyses are absent. The fron-
tal roof is like that of N. garciae [c. 42(1)]; the ellipsoidal swelling
medial to the temporal crest [c. 45(1)] tapers to a blunt anterior
point on the right but blends into the temporal crest on the left.
The posterior half of the roof forms an angle of about 160° with
the anterior half. The frontal roof is only about 60 mm long in the
midline, which implies the presence of a deep, narrow nasal in-
cisure [c. 37(1)]. The anterior frontal margin is thin, and is
smooth where preserved laterally. The posterior part of the roof
diminishes in midline thickness to 17 mm at the frontoparietal
suture. The slightly concave anterior part of the medial wall of
the temporal fossa is formed by the thin lamina orbitalis of the
frontal [c. 38(0)]. A crista orbitotemporalis is absent. The almost
horizontal interfrontal suture on the endocranial surface is 1.5
cm long.

Parietal—The cranial vault is 14 mm thick in the anterior
midline (Fig. 10). The concave roof [c. 51(1)] has rounded tem-
poral crests of type B (of Domning, 1988:405). The posterior and
anterior halves of the roof form an angle of about 150°. The
endocranial sculpture is like that of N. garciae. No median bump

FIGURE 8. Nanosiren sanchezi, composite restoration of skull and
mandible in left lateral view. Skull based on holotype; mandible based on
middle Miocene Nanosiren sp. from Maryland (USNM 16630). Form of
supraorbital process and lacrimal conjectural. Abbreviations: EO, ex-
occipital; FR, frontal; J, jugal; L, lacrimal; MA, mandible; MX, maxilla;
PA, parietal; PM, premaxilla; SQ, squamosal. Scale bar equals 5 cm.

FIGURE 9. Nanosiren sanchezi (holotype, UNEFM-VF-041), left premaxilla, maxilla, I1, and M1-3. A, lateral view; B, medial view; scale bar equals
5 cm. C, occlusal view of left maxilla and M1-3; scale bar equals 1 cm.
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or median emissary foramen is present in front of the external
occipital protuberance.

Supraoccipital—The supraoccipital is 5-sided in outline, and
forms an angle of about 140° with the posterior part of the pa-
rietal roof (Figs. 10, 11). The external occipital protuberance is
prominent; it rises only slightly above the nuchal line, which
passes in front of it. The median ridge below the protuberance
disappears before reaching the bone’s ventral end. The nuchal
line, concave posteriorly, is marked near the midline by a narrow

crevice and formed laterally by the semispinalis capitis inser-
tions. These rugose areas are sharply delimited both dorsally and
ventrally. The thick lateral borders of the supraoccipital are not
overhanging. The ratio of width to height of the supraoccipital is
1.59. The sutural surfaces for the exoccipitals are separated in the
midline by a notch, and form an angle of about 132°.

Exoccipitals—Like those of N. garciae [c. 66(1), 67(2), 70(0)]
(Fig. 11). The arc of the condylar articular surface subtends an
angle of about 135°. The condyloid foramen is replaced by a
shallow groove, as in N. garciae and Trichechus.

Basioccipital—Preserved only as a fragment fused to the ex-
occipital. Its width cannot be determined; its thickness in the
posterior midline is 7 mm, intermediate between an immature
middle Miocene Nanosiren sp. (USNM 16630; 8 mm) and an
immature N. garciae (USNM 520112; 5 mm).

Presphenoid—Poorly preserved; does not appear to differ
from N. garciae.

Basisphenoid, Orbitosphenoid, Alisphenoid, Pterygoid,
Palatine—Not preserved [c. 97(?), 101(?), 102(?), 103(?)]. How-
ever, since the intermaxillary suture ends anterior to the rear
edge of the zygomatic-orbital bridge (Fig. 9B, C), it is apparent
that a thin palatine must have extended to this same level [c.
16(0), 99(0)].

Maxilla—The palatal surface narrows in front of the cheek
teeth to a width of about 1 cm (Fig. 9). The palatal surface is not
deflected from the occlusal plane. The rear end of the intermax-
illary suture lies near the front of the DP5 alveolus. The palate
anterior to this is 19 mm thick in the midline. The zygomatic-
orbital bridge is elevated about 4 mm above the alveolar margin,
and is only gently arched [c. 11(0?)]. This bridge is anteroposte-
riorly short (16 mm) relative to its thickness (8 mm) [c. 14(1)].
The infraorbital foramen is not preserved [c. 13(?)], but the ven-
tral side of the infraorbital canal displays no obstruction [c.
20(0?)].

Squamosal—Resembles that of N. garciae [c. 73(1), 74(0),
75(1), 76(1), 77(3), 82(1), 84(0)] (Figs. 8, 12). The mastoid inden-
tation is very deep. The surface of the cranial portion dorsal to
the zygomatic root bulges into a distinct shelf that extends back-
ward along the line of the parietal-squamosal suture. In this area

FIGURE 11. Nanosiren sanchezi (holotype, UNEFM-VF-041), pari-
etal-supraoccipital skullcap and right exoccipital, posterior view. Scale
bar equals 3 cm.

FIGURE 10. Nanosiren sanchezi (holotype, UNEFM-VF-041), fron-
tals (lacking supraorbital processes) (fr), mesethmoid (me), presphenoid
(ps), and parietal-supraoccipital skullcap. A, dorsal view; B, left lateral
view; C, ventral view; D, anterior view showing posterior walls of nasal
cavities; E, posterior view showing anterior wall of cranial cavity. Scale
bar equals 5 cm.
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(at the level of the posterior edge of the zygomatic root) the
sutural (medial) surface of the squamosal, above the periotic
socket, is deeply concave over a length of 2 cm, as in other
dugongids such as Dugong and Metaxytherium floridanum. The
parts of the sutural surface anterior and posterior to this concav-
ity are gently convex medially and bear ridges (radiating upward
and forward and upward and backward, respectively) that inter-
digitate with the parietal. The anteriormost 1.5 cm of the sutural
surface is a triangular area, recessed laterad and sharply demar-
cated by a jaggedly-ridged bony step, that articulated with the
alisphenoid. The postarticular fossa is very deep (more so than in
Crenatosiren olseni); the postglenoid process is very pronounced,
measuring 14 mm dorsoventrally from the dorsal side of the
fossa. The temporal condyle is prominent in lateral view (Fig. 8).
The impression of the jugal on the anterolateral side of the con-
dyle is terminated by a broad convexity, not a sharp crest as in N.
garciae. The processus retroversus (Fig. 12B) is like that of N.
garciae. The posterodorsal edge of the zygomatic process is thick,
and only slightly convex laterad. The zygomatic process narrows
anteriorly in lateral view; its anterior tip is slightly damaged but
shows almost no sign of the abrupt widening and turning inward
seen in the holotype of N. garciae. The ventromedial and ven-
trolateral edges are relatively smooth. The overall thickness of
the zygomatic process is greater than in the holotype and some
other specimens of N. garciae, but comparable to others.

Jugal—Less strikingly peculiar in lateral outline than in most
N. garciae, but similar [c. 85(1), 87(?), 89(0), 90(1)] (Figs. 8, 13).
It is narrow dorsoventrally (but thicker mediolaterally than in N.
garciae) from its anterior end to beneath the middle of the orbit,
then gradually (without a prominent notch) increasing in depth
under the posterior part of the orbit, before tapering quickly to
the posterior end. The anterior section resembles that of N. gar-
ciae; it measures about 12 mm in anteromedial-posterolateral
thickness just in front of the orbit, and 14 mm in anterolateral-
posteromedial width. Therefore, like N. garciae and Crenatosiren
olseni, it is scored as having c. 88(0), though it comes close to
88(1). A rugose area on the upper part of the lateral surface may
have articulated with a lacrimal, but is less distinctly developed

than in N. garciae (USNM 520117) and does not form a socket.
At its ventral tip the bone is about 6 mm thick mediolaterally.
The ventral margin then rises to the rear end of the zygomatic
process. The surface in contact with the squamosal is wide and
oval anteriorly, but tapers abruptly from a width of 13 mm at a
level 1 cm behind the orbit to only 5 mm on the thin zygomatic
process (in N. garciae this transition is more gradual). A broad,
rather circumscribed bulge is present posteroventral to the orbit.

Periotic, Tympanic, Malleus, Incus, Stapes—Not preserved.
Mandible—Not preserved.
Dentition—I1 and M1-3 are preserved; an empty alveolus for

DP5 and an area of resorbed alveoli for more anterior deciduous
premolars (presumably DP3-4) are present in the maxilla (Fig.
9). I2-3 and all canines and permanent premolars are absent [c.
143(1), 144(2), 146(1), 150(0), 151(0), 155(1), 157(2), 158(0)].
The molar enamel is smooth [c. 156(0)].

I1: Overall length about 35 mm. The root of the tusk, exposed
and damaged on its medial side (Fig. 9B), appears to be medio-

FIGURE 13. Nanosiren sanchezi (holotype, UNEFM-VF-041), left ju-
gal. A, dorsal view; B, lateral view. Scale bar equals 5 cm.

FIGURE 12. Nanosiren sanchezi (holotype, UNEFM-VF-041), right squamosal. A, lateral view; B, posterodorsal view. Abbreviations: eam,
external auditory meatus; mi, mastoid indentation; pr, processus retroversus; sr, sigmoid ridge; tc, temporal condyle; zr, zygomatic root. Scale bar
equals 5 cm.
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laterally compressed. The enamel crown is small, conical, and
unworn, apparently not quite erupted. The crown is about 10 mm
high, with anteroposterior and mediolateral diameters of 6.0 and
6.7 mm, respectively [c. 141(0), 142(0)].

M1: Three-rooted; moderately worn. Has two tricuspate lophs
joined to pre- and postcingula in the typical dugongid pattern.
The precingulum has a large cuspule at its lingual end, and de-
scends labially to join a spur of the paracone, enclosing a narrow
anterior cingular valley. The transverse valley is not blocked by
accessory cuspules, but is constricted lingually by the protocone.
The hypoloph is nearly straight; the metaconule bulges only
slightly anterior to the metacone and hypocone. The postcingu-
lum is smooth and joined lingually to the hypocone; it encloses a
posterior cingular valley partially open posterolabiad.

M2: Three-rooted; slightly worn. Similar in pattern to M1. The
precingulum is smooth. The postcingulum is a smooth ridge that
descends from the hypocone much more steeply than in M1. The
metacone has a posterolingual spur that does not join the post-
cingulum.

M3: Almost erupted, unworn. The precingulum has a single,
nearly central cuspule, and encloses a valley open anterolabially.
The summit of the protocone lies slightly anterior to the line of
the protoconule and paracone; the paracone is lower than the
protoconule and appressed to it. The transverse valley is rela-
tively unobstructed. The hypoloph comprises two conical cusps,
with a more elongated cusp located almost directly behind the
lingual cusp. This elongated cusp (or pair of coalesced cusps) has
two summits in line with and continuous with a steeply descend-
ing posterior ridge that encloses a posterior basin, open postero-
labially.

Hyoid Apparatus—Not preserved.
Vertebrae—An anterior thoracic vertebra (AMU-CURS 185,

Fig. 14A, B) lacks only its neural spine. The spine was strongly
inclined posteriorly. The transverse processes are curved down-
ward at their ends and bear concave rib facets facing anteroven-
trad and laterad. The zygapophyseal articular planes are nearly
flat and horizontal; the anterior facets have raised posterolateral
and especially lateral margins. The centrum is rectangular in
cross section; it bears a slight dorsal keel and well-defined ante-
rior and posterior costal demifacets, but no midventral keel. The
neural canal has a semicircular dorsal outline, not a slitlike apex.
Breadth across transverse processes � 98 mm; posterior breadth
of centrum � 40; height of centrum in midline � 27; thickness of
centrum in midline � 24; width of neural canal � 24; height of
neural canal � 19; maximum length, front to rear of zygapophy-
ses � 41; breadth across postzygapophyses � 47.

Two caudal vertebrae (CURS 89, Fig. 14C, D) are from the
anterior to middle portion of the tail. Their centra are hexagonal
in outline, and bear abraded anterior and posterior demifacets
for chevrons. The neural spines slope posteriorly. Only prezyg-
apophyses are present. The broken transverse processes project

straight laterad and are nearly horizontal. Posterior breadth of
the more complete centrum � 52 mm; height of centrum in
midline � 36; thickness of centrum in midline � 35; width of
neural canal � 13e; height of neural canal � 14e; height of
neural spine > 20.

Ribs—Major portions of at least nine ribs were associated with
the holotype skull. All are practically devoid of cancellous bone.
A right anterior rib (Fig. 15B) had a straight-line length in excess
of 20 cm and mid-shaft diameters of 35 × 23 mm; it lacks the
capitulum and a section distal to the middle of the shaft, but the
distal 7 cm is preserved. The proximal portion is mediolaterally
broad. The distal end tapers rapidly in mediolateral thickness to
a conical point, though much more gradually in anteroposterior
thickness.

The other, more posterior ribs (six right, two left) are rela-
tively uniform in size and are much more slender. The only
complete and undistorted one, a left rib (Fig. 15A), has a
straight-line length of 225 mm, mid-shaft diameters 24 × 15 mm,
and measures 22 mm from the tip of the capitulum to the lateral
edge of the tuberculum. It weighs about 175 g. The neck is very
short; the space between capitulum and tuberculum forms a
short, wide saddle that appears as a notch in anteroposterior
view. In dorsoventral view, the anterior and posterior edges of
the rib are parallel distal to this notch, but converge abruptly
proximal to it. (A rib of Crenatosiren olseni, SC 90.104, is very
similar.) The angle is indistinct, but there is a rather pronounced
flange for a tendon of m. iliocostalis thoracis on the posterior
edge of the shaft just proximal to its middle. The distal end tapers
gradually to a conical point. Features of the other ribs are simi-
lar.

The marked contrast in thickness and weight between anterior
and posterior ribs of this specimen is reminiscent of Crenatosiren
olseni (Domning, 1997).

Sternum, Scapula, Humerus, Radius-ulna, Manus, Innomi-
nate—Not preserved.

COMPARISONS AND RELATIONSHIPS

Phylogenetic Analysis

Comparisons with other sirenian taxa are most efficiently
made on the basis of the previous phylogenetic analyses. Data on
Nanosiren sanchezi and N. garciae were incorporated into the
character-state matrix of Domning (1994) as currently updated,
and all characters (as emended in Appendix 3) were reanalyzed
for the Dugonginae and three outgroups (taxa shown in Appen-
dix 2).

Incorporating data on Nanosiren sanchezi and N. garciae into
the cladistic analysis and reanalyzing the partial taxon list (Ap-
pendix 2) as described above, using Hennig86, resulted in the
single tree shown in Figure 16. This is basically the same as the

FIGURE 14. Nanosiren sanchezi. A, B, anterior thoracic vertebra (AMU-CURS 185); A, anterior view; B, right lateral view. C, D, caudal vertebra
(AMU-CURS 89); C, anterior view; D, right lateral view. Scale bar equals 5 cm.
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tree of Bajpai and Domning (1997:fig. 6), with the insertion of
the new Nanosiren clade between Crenatosiren and other du-
gongines. The clade comprising Nanosiren + other dugongines is
supported by transformations to the unambiguously optimized
character states 42(1) and 45(1). The Nanosiren spp. are united
by 66(1), 72(1), 77(3), and 140(0) (a reversal); the other du-
gongines are united by 85(2), 88(1), 137(1), 140(2), and 142(1).

This result shows that Nanosiren is the most basal dugongine
clade after Crenatosiren. This is consistent with its probable early
appearance (possibly early Miocene; see below). At present, C.
olseni, which is the largely plesiomorphic sister group to all other
dugongines, is the best candidate for a direct ancestor to the
Nanosiren clade as a whole. Of late Oligocene age, C. olseni is
too late to be ancestral to the rest of the subfamily (it is con-
temporaneous with Dioplotherium manigaulti, for example); but
it is older than any known occurrence of Nanosiren, and both are
found in the southeastern United States. They are dugongines of
about equally small body size, and in nearly all character states
C. olseni is identical or more primitive. The major exception is
tusk size (c. 140), which the analysis interpreted as a reversal
from medium size in Crenatosiren and Halitherium to small size

in Nanosiren. As for the most distinctive trait of Crenatosiren, its
pronounced nasal incisure [c. 37(1)] formed by an extremely long
and slender base of the supraorbital process, comparable condi-
tions in Nanosiren cannot be ruled out, given the incomplete
frontal bones now in hand.

The other principal changes from Crenatosiren to Nanosiren
are: shortening of the premaxillary nasal process [c. 7(1)]; short-
ening of the zygomatic-orbital bridge [c. 14(1)]; concavity of the
frontal roof [c. 42(1)]; distinct swellings on the frontal roof [c.
45(1)]; thinner frontal roof; longitudinal curvature of the parietal
roof; separation of the exoccipitals [c. 66(1)]; loss of the hypo-
glossal foramen [c. 72(1)]; stronger inflection of the processus
retroversus [c. 77(3)]; reduction of the pterygoid fossa [c. 102(2)];
and a less slender, more dumbbell-shaped humerus with a more
oblique trochlea. Within the Dugonginae, c. 72(1) and 140(0),
the parietal curvature, and the endocranial portion of the frontal
roof being longer than the portion roofing the nasal cavity are
unique synapomorphies of Nanosiren; c. 42(1) is a synapomor-
phy of all dugongines more derived than Crenatosiren; and the
derived states of the other cranial characters are variably present
among the other dugongines (Appendix 2).

Otherwise, Crenatosiren shows scarcely any foreshadowing of
the peculiarities of Nanosiren. In C. olseni, the posteroventral
corner of the zygomatic process extends slightly below the line of
the squamosal-jugal suture, though not as far as in Nanosiren.
The posterior limit of the jugal impression on the squamosal is
marked by a sharp raised edge, prominent in lateral view; in
Nanosiren this edge (though also sharp in N. garciae) is incon-
spicuous in comparison with the pronounced lateral exposure of
the temporal condyle. The striking proximal breadth of the an-
terior ribs in C. olseni (Domning, 1997:fig. 7) is also not seen in
the known specimens of Nanosiren. When better material of
early Miocene Nanosiren becomes available, however, it may
reveal more resemblances to Crenatosiren and corroborate the
derivation proposed here.

As N. sanchezi is older and slightly less derived than N. garciae
and has no known autapomorphies, we presume it to be a late
Miocene direct ancestor of the latter. The earlier history of the
Nanosiren clade remains poorly documented, but small dug-
ongids possibly representing this lineage are known from various
sites in the West Atlantic, Caribbean, and East Pacific region
dating as far back as early Miocene (see below).

More than one sirenian taxon was present in the Urumaco
fauna, as shown by a large isolated right rib (AMU-CURS 52;
Fig. 15C). It was collected on 3 August 2002 by R. Sánchez and
D. Domning, 5 km NW of Urumaco, on the west side of the Río
Urumaco, locality FMU 025 (11° 14� 38.89� N, 70° 16� 7.55� W,
REGVEN) (Fig. 7), in a yellowish-gray argillaceous limonite,
below the “Capa de Tortugas” in the upper member of the Uru-
maco Formation. A shell of the turtle Bairdemys and a mandibu-
lar ramus of the large rodent Phoberomys were found nearby.

This rib resembles in size and shape the mid-thoracic ribs of
adult Metaxytherium krahuletzi (Domning and Pervesler,
2001:tab. 13, pls. 11–13). It measures 490 mm in total straight-line
length; 80 mm from tip of capitulum to lateral edge of tubercu-
lum; 48 × 36 mm in mid-shaft diameters; and weighs 1.6 kg. It can
be provisionally identified as cf. Metaxytherium. With an age
here estimated at around 9 Ma, it would correlate with the late
Clarendonian or early Hemphillian North American Land Mam-
mal Ages, and the latest known occurrences of Metaxytherium in
North America (Domning, 1988:416–417).

Distribution of the Nanosiren Lineage

Although N. sanchezi has been identified only in Venezuela,
and N. garciae only in Florida, they each can be presumed to
have had at least a pan-Caribbean distribution, on the basis of
the wide ranges of extant sirenians (including the West Indian
manatee, Trichechus manatus). Prior to the mid-Pliocene closure

FIGURE 15. A, Nanosiren sanchezi (holotype, UNEFM-VF-041), left
mid-thoracic rib in posterior view; B, same, proximal and distal sections
of right anterior rib in anterior view; C, cf. Metaxytherium (AMU-CURS
52), right mid-thoracic rib in posterior view. Scale bar equals 10 cm.
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of the Central American seaway, sirenians also had access to the
eastern Pacific, where halitheriines (Metaxytherium crataegense
and M. arctodites; Muizon and Domning, 1985; Aranda-Manteca
et al., 1994), the hydrodamalines derived from them, and du-
gongines (Dioplotherium allisoni; Domning, 1978) have all been
reported in Miocene deposits. Nanosiren spp. can be expected to
have occurred in the eastern Pacific as well, and some of the
following records suggest that they did.

The Nanosiren lineage as a whole – that which Barnes et al.
(1985:30) mentioned as including “the smallest known post-
Eocene sirenians”—likely comprises New World fossils ranging
in age from early Miocene to early Pliocene. A partial list of
known material follows:

Early Miocene, Puerto Rico—A small thoracic vertebra and
an unassociated partial rib (AMNH-VP 125782-3) were reported
from the Miranda Sand Member of the Cibao Formation (early
Miocene), northern Puerto Rico, and termed the “small Miranda
sirenian” by MacPhee and Wyss (1990). A group of associated
adult vertebrae and ribs of a comparably small sirenian, also
from the Cibao Formation, are in the private collection of Jorge
Vélez-Juarbe, together with fragments of a larger sirenian from
the same site. Small skullcaps and other remains of uncertain
stratigraphic provenance, which MacPhee and Wyss (1990)
thought possibly referable to Caribosiren turneri (a small late
Oligocene halitheriine dugongid), need restudy to determine
whether any of them might instead pertain to an early Nanosiren.

Early Miocene, Cuba—A squamosal indistinguishable from
N. sanchezi or N. garciae has been reported from the late early
Miocene Lagunitas Formation (Burdigalian, 16.1–21.5 Ma) of
Domo de Zaza, Cuba (MacPhee et al., 2003:fig. 14), together
with other sirenian remains. Some of these latter obviously rep-
resent a larger sirenian, possibly Metaxytherium (e.g., the humer-
al head MNHNCu-P 3091), following the pattern of multispecies
sirenian assemblages now known to be the rule in the West
Atlantic-Caribbean region (Domning, 2001a). A small skullcap
(MNHNCu-P 3124; MacPhee et al., 2003:fig. 13) and other sire-
nian material from this site, like the Puerto Rican fossils, require
restudy to determine their affinities.

The squamosal from Domo de Zaza (MNHNCu-P 3316) is the
same size as those of Nanosiren and has the same outline of the
zygomatic process in lateral view, in particular the strongly in-
flected and posteroventrad-directed processus retroversus which
gives the ventral border a strongly concave outline. The resem-
blance extends to the mediolaterally-broadened anterior end of
the zygomatic process and its sharp-edged articulation with the
jugal, both seen in the holotype of N. garciae.

? Miocene, South Carolina, U.S.A.—An adult thoracic ver-
tebra (ChM PV2692; Table 4) from the former Magnolia Phos-
phate Mine is, like most of the “Charleston phosphate bed”
fossils, of highly uncertain stratigraphic provenance (Domning,
1989). Based on its small size (similar to that of USNM 16630;
see below), it is likely referable to Nanosiren sp.

FIGURE 16. The single shortest tree of 14 dugongine taxa and outgroups, generated by Hennig86 from 79 characters using implicit enumeration
(ie*;bb*;), and showing the distribution of unambiguously optimized characters most relevant to the position of Nanosiren spp. Tree length, 109 steps;
consistency index, 0.76; retention index, 0.78; r, reversal.
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Early and Middle Miocene, Maryland and North Carolina,
U.S.A.—A partial skeleton (USNM 16630) and a left scapula
(USNM 16715) of a small sirenian were incorrectly referred to
Metaxytherium calvertense by Kellogg (1966). They came from
zones 12 and 11, respectively, in the Plum Point Marl Member of
the Calvert Formation, Calvert County, Maryland (early middle
Miocene, probably in the lower part of planktonic foraminiferal
zone N9, late early Barstovian land mammal age, ca. 15 Ma;
Gibson, 1983:362; Tedford et al., 1987:fig. 6.2). Other, compara-
bly-small specimens from the Calvert Formation include left and
right humeri (USNM 23246, 215078; CMM-V-2690), a right ra-
dius-ulna (USNM 25902), and a thoracic vertebra (USNM
186897). Specimens of the same small dugongid, thought to be
derived from the Calvert-correlative upper part of the Pungo
River Formation exposed in the base of the Lee Creek Mine,
Beaufort County, North Carolina (latest early Miocene, plank-
tonic foraminiferal zone N8, early Barstovian, ca. 16 Ma; Gibson,
1983:360; Tedford et al., 1987:fig. 6.2), include left and right hu-
meri (USNM 205472, 321923) and a thoracic vertebra (USNM
460119).

USNM 16630 was assigned to Metaxytherium calvertense by
Kellogg (1966) in the mistaken belief that it represented a juve-
nile of that species. It is a partial skeleton comprising both man-
dibles with left dp5 (lacking crown), m1, and unerupted m3, and
right m1-2 and unerupted m3 (Kellogg also misinterpreted the
tooth homologies); basioccipital, left exoccipital, axis, 7 thoracic,
3 lumbar, 1 sacral, and 2 caudal vertebrae, 12 ribs, and right
scapula. The teeth are slightly larger than corresponding ones of
N. garciae (Table 2). In the size of other individual elements
USNM 16630 is a good match for those of N. garciae, but it
appears to be more primitive in that the basioccipital is not as
broad and flat as in the latter, as noted above. Replacement of
the hypoglossal (condyloid) foramen by a shallow groove is the
most distinctive feature that tends to relate USNM 16630 to
Nanosiren.

Middle Miocene, Florida, U.S.A.—A complete adult thoracic
vertebra from the front half of the thorax (UF/FGS V-5078),
collected “between fuller’s earth beds” at Midway, Gadsden Co.,
Florida, is 85 mm in total height and 71 mm in transverse width,
hence smaller than the vertebrae in Table 4. The spine is con-
stricted posteriorly just above the postzygapophyses, and slopes
backward. A posterior median crest is present on the spine, but
does not protrude at its bottom.

Morgan (1994:247) noted an “additional undescribed small
dugongid . . . present in the Bone Valley region” and “either
Barstovian or Clarendonian in age.” This statement referred to
N. garciae, shown here to be Hemphillian instead; but there do
appear to be earlier Bone Valley occurrences of small sirenians,
likely Nanosiren sp. These may include the very small humerus
described above (USNM 323113), and a mandible fragment
(USNM 359669).

Late Miocene, Chile—A lower molariform tooth (dp5 or
m1?) reported from the late Miocene of Chile (Bianucci et al.,
2006) is comparable in size to teeth of Nanosiren, and may rep-
resent N. sanchezi. It is from the base of the Bonebed Member
of the Bahía Inglesa Formation near Las Arenas, north-central
Chile. The tooth (MPC-219) has a crown length of 13.3 mm, an
anterior width of 10.3 mm, and a posterior width of 10.0 mm.

Late Miocene, Peru—A partial right mandible of an imma-
ture animal (MNHN PPI 248) was collected at Aguada de Lo-
mas, Peru, in the Pisco Formation 9 m below marker bed LM 5
at locality L5-16 (Mario Urbina and Leonard Brand, pers.
comms., 2006). This evidently corresponds to a late Miocene age
(ca. 7-8 Ma?). The horizontal ramus displays a single large men-
tal foramen with three subsidiary foramina anterodorsal to it.
The minimum dorsoventral breadth of the ramus (measurement
MO) was an estimated 43 mm; the length of the symphysis (AS)
was slightly more than 46 mm. The dorsal edge is damaged; the

deflection of the symphyseal masticating surface (MD) was prob-
ably in the range of 65–80°. Half of the maximum total breadth
of the masticating surface (1⁄2 of RR’) is 18 mm. The preserved
right half of this surface is flat and almost featureless except for
a single prominent pit almost 1 cm wide in its lower part, having
an irregular bony protuberance at its center. This pit is the only
one present that resembles the shallow vestigial alveoli seen in
Dugong dugon and other sirenians; a second, immediately be-
hind it, is so faintly marked as to be almost invisible. This pit is
not deep enough to have held a vestigial tooth as sometimes seen
in D. dugon (e.g., Lyman, 1939), but is unusual in its contrast
with the near-total absence of other pits. The cheek tooth row is
represented by a series of six alveoli 3–4 mm in diameter, fol-
lowed by a large concavity about 2 cm in length, part of which
encompassed the dental capsule. The third, fourth, and fifth of
these alveoli contain roots of lower teeth. These alveoli most
likely held three 2-rooted teeth (dp3-5), the largest with a crown
length of possibly 10–12 mm; the concavity at the rear probably
held an erupting m1 and a developing m2. The alveolar row
length (dp3-5) is 26 mm.

This mandible is very similar in size and morphology to USNM
16630 (Kellogg, 1966), though the latter is slightly larger, has
resorbed the dp3 alveoli, and has retained the alveoli of dp4, the
roots of the left dp5, and the complete left m2 and right m1–2
(m2 is unerupted). USNM 16630 also has the usual shallow ves-
tigial alveoli on its masticating surface.

Early Pliocene, Peru—A rib (MNHN PPI 110) from the early
Pliocene (ca. 4 Ma) Pisco Formation in Peru was identified by
Muizon and Domning (1985) as representing a new, unnamed
taxon of dugongid with similarities to the living Dugong. It has
an overall straight-line length of 260 mm and mid-shaft diam-
eters of 21 × 11 mm, and thus is comparable in length to ribs of
Nanosiren. However, it is more slender, and differs from N. gar-
ciae in all the same details that Muizon and Domning (1985)
noted as distinguishing it from Dugong and Metaxytherium. It
thus remains enigmatic, though relationship with known forms of
Nanosiren or other dugongines remains a possibility.

DISCUSSION

Feeding Ecology

Domning (2001a:29, 33–35, 37, 41, 43) noted the presence of
this “undescribed . . . small dugongine” in the early Pliocene
portion of the Bone Valley Formation, and conjectured that its
shallow draft might have been adaptive in feeding on shallow-
water seagrasses such as Halodule and Halophila, whose delicate
but nutritious rhizomes would have been accessible even to a
sirenian lacking tusks. Nanosiren coexisted in the Caribbean with
at least three other lineages of marine dugongids having larger
body sizes, including the large-tusked dugongines Corystosiren
and Xenosiren. Apparently due to the danger of stranding on a
falling tide, today’s dugongs and manatees are reluctant to feed
in water less than about 1 m deep unless an escape route to
deeper water is readily accessible (Domning, 2001a:36). Smaller
size, therefore, with consequent tolerance for shallower water
and access to seagrass beds further inshore and for longer peri-
ods in each tidal cycle, might have given Nanosiren a competitive
edge on the other, larger sirenians of its time. Furthermore, if it
“had to subsist on [seagrass] leaves in competition with numer-
ous other, more capable seagrass consumers, smaller size and
consequently lesser food requirements would have been addi-
tionally advantageous” (Domning, 2001a:41).

That the diet of Nanosiren garciae consisted mainly of seagrass
is confirmed by the stable isotope content of tooth enamel from
USNM 520115: �13C, -1‰; �18O, 29‰ (Mark Clementz, pers.
comm.; compare with values in Clementz et al., 2006:fig. 6).
However, the taxa or parts of seagrasses eaten cannot yet be
determined by this or other means.
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How Small Can a Sirenian Be?

Downhower and Blumer (1988) calculated a minimum body
mass of 6.8 kg for a viable aquatic endotherm, whether neonate
or adult. (Strictly speaking, this prediction was “the minimum
size at which we might realistically expect endothermic compe-
tence.” Some pinnipeds and penguins are smaller at birth, but
only enter the water after growing larger.) How does this com-
pare with the smallest sirenians?

By comparison with Recent Dugong dugon, the body length
and mass of an adult N. garciae, with a skull length of 280 mm,
were estimated above as probably around 2 m and 150 kg, re-
spectively. This is on a par with the earliest sirenians, Prorasto-
mus sirenoides (Savage et al., 1994) and Pezosiren portelli
(Domning, 2001b), but nearly all other Eocene and subsequent
sirenians have been substantially larger.

Newborn individuals, of course, come closer to Downhower
and Blumer’s theoretical limit, but do not go below it—not even
in the smallest and most strictly tropical of the extant species, the
Amazonian manatee (Trichechus inunguis). The smallest living
sirenian seen by D.P.D. was an orphaned male T. inunguis, with
a straight-line body length of 78.5 cm and weighing about 7.9 kg
(embalmed weight 8.0 kg; Domning and de Buffrénil, 1991:table
4). It was obviously a neonate, but had been held in captivity for
three weeks; it was thin though not emaciated, and soon died,
undoubtedly from malnutrition. Its birth weight had presumably
been several kg greater, and it appears to have been at the low
end of the size range for newborn T. inunguis; for comparison, a
calf recently born in captivity measured 101 cm in length and
weighed 18 kg (da Silva, 2002).

For osteologically mature T. inunguis, a 280-mm skull length,
like that estimated above for an adult N. garciae, is the minimum
observed and is well below the mean of 334 mm (Domning and
Hayek, 1986:table 1). If the holotype of N. garciae described here
is taken to be of average adult size, then newborn N. garciae
must have been smaller than any T. inunguis neonates, and very
likely approached the theoretical limit of 6.8 kg.

Such small animals would certainly have been more vulnerable
to predation than sirenians of more normal sizes. Indeed, a
scapula of a juvenile N. garciae (UF 40054) displays a set of
about eight parallel scratches 3–5 mm apart, apparently made by
an attacking or scavenging shark. This danger would have been
an additional reason for Nanosiren to frequent shallow water.
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APPENDIX 1. Hypodigm of Nanosiren garciae.
All known specimens of Nanosiren garciae are from the Bone Valley

phosphate mines in central Florida. For detailed data consult the catalogs
of the museums cited. Specimens collected in situ at the “Dixie Site” are
marked with an asterisk (*); some of these likely represent the same
individual. Numerous fragmentary ribs and other bones from the “Dixie
Site” in the USNM collection are uncataloged. Since most other Bone
Valley specimens were recovered from spoil heaps, it is possible that
some bones referred here to N. garciae actually came from the middle
Miocene Lower Bone Valley Formation, and accordingly may represent
an earlier species of Nanosiren.

Premaxillae: USNM 323115, 520106*-7*, 520121, 531463*, 531468*-70*.
Ethmoids: UF 203042; USNM 520108*.
Frontals: USNM 392232, 520109*, 520122, 531458*.
Parietal-supraoccipital skullcaps: UF 93245, 97340, 208347, 208605,

211992; USNM 520123-5, 531465*, 534359.
Exoccipitals: UF 40055; USNM 520110*-1*, 520126, 531461*.
Basioccipital: USNM 520112*.
Sphenoid: USNM 520113*.
Maxillae, some with teeth: UF/FGS V-5946; USNM 520114*-6*, 520127,

531471*.
Squamosals: UF 102094, 117352-3, 123788, 123810, 201835-8, 203143,

208273-4; USNM 359676, 359714, 359742, 377458-9, 377500, 377464,
531459*, 531466*-7*, 531719-20.

Jugals: USNM 520117*, 531460*, 531464*.
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Tympanic: UF 211919.
Mandibles, some with teeth: USNM 520118*, 520128-9, 520133, 531472*-

3*, 531479*.
Teeth: UF 211701; USNM 520130.
Cervical vertebrae: USNM 392230, 531715, 534364.
Thoracic vertebrae: UF 203041; USNM 323111-2, 377482-3, 377497,

377499, 520131, 531478*, 531483, 531716, 534360, 534363, 534365-6.
Caudal vertebrae: USNM 377460, 377471, 377480, 520119*, 531475*,

531484.
Vertebra fragments: USNM 377482-3, 377497, 377499, 534361, 534362*.

Ribs: UF 65695; USNM 323181, 323184, 377450, 377465, 377478, 377489,
377496, 377498, 377502, 377504, 520120*, 531476*-7*, 531717-8,
534372-8.

Sternum: UF 132909; USNM 534371.
Scapulae: UF 40054, 97350, 102087, 132911; USNM 359687, 359715,

531474*, 531721, 534367-8.
Humeri: UF 28656, 130128, 208411; USNM 323109, 377495, 520132,

520135*, 531480-2, 531485-7, 531714, 531722, 534369-70.
Radius-ulnae: UF 60835, 91172, 224884; USNM 323114, 377466, 377481,

531462*, 531723.

APPENDIX 3. Characters that proved informative in the present
analysis, plus revisions to the complete list of character states used by
Domning (1994; emended in Bajpai and Domning, 1997), are listed be-
low:

(6) Nasal process of premaxilla: (0) thin and tapering at posterior end,
having long overlap with frontal and/or nasal; (1) tapering but
thickened at posterior end, with long overlap of frontal and/or
nasal; (2) broadened and bulbous at posterior end, having more or
less vertical joint surface in contact with frontal.

(7) Nasal process of premaxilla: (0) long; (1) very short.
(10) Premaxillary symphysis: (0) not laterally compressed to form a

middorsal ridge; (1) laterally compressed, bearing a middorsal
ridge anteriorly and with its posterior end upraised to form a boss
in lateral view; (2) laterally compressed but without a boss, the
posterior end being dorsally flattened instead.

(14) Zygomatic-orbital bridge of maxilla: (0) long anteroposteriorly
(vertical thickness < 0.40 × minimum length); (1) shortened (thick-
ness � 0.40 × length; cf. Domning, 1978:fig. 24); (2) shortened and
transformed into transverse vertical wall.

(16) Palate: (0) thin or incomplete at level of penultimate cheek tooth;
(1) > 1 cm thick at level of penultimate tooth.

(20) Infraorbital canal: (0) not obstructed; (1) partly obstructed by a
transverse bony ridge.

(36) (redefined). Supraorbital process of frontal: (0) well developed,
dorsoventrally thin (< 1 cm thick), with prominent, dorsoventrally-
flattened posterolateral corner; (1) dorsoventrally thickened, with
posterolateral corner variably developed.

(37) Nasal incisure at posterior end of mesorostral fossa: (0) absent or
small (does not extend abaft supraorbital process); (1) deep and
narrow (extends abaft supraorbital process); (2) comparably deep
but broad, with the anterior frontal margin displaying a median
convexity. (Unordered character.)

(42) (redefined). Frontal roof: (0) convex, more or less flat, or moder-
ately concave between temporal crests (if latter present); (1)

deeply concave or depressed overall (with or without a small me-
dian convexity) between temporal crests, but not sloping ventrad
anteriorly; (2) deeply concave or depressed, and sloping steadily
ventrad to anterior margin (cf. Domning, 1990:fig. 4E).

(43) Supraorbital process of frontal: (0) flattened in more or less hori-
zontal plane, with dorsal surface inclined relatively gently ventro-
laterad; (1) turned markedly downward, with dorsal surface in-
clined strongly ventrolaterad and posterolateral corner projecting
posteriorly.

(44) Supraorbital process of frontal: (0) not divided; (1) divided by one
or more distinct, deep dorsoventral grooves indenting its lateral
margin.

(45) (new). Frontal roof: (0) bears no knoblike bosses; (1) bears a
bilateral pair of knoblike bosses, more or less cylindrical in shape
and directed anterad; or at least a distinct longitudinal ridge or swell-
ing medial and parallel to, and distinct from, each temporal crest.

(66) Exoccipitals: (0) meet in a suture dorsal to foramen magnum; (1)
do not meet in a suture.

(72) (new). Hypoglossal (= condyloid) foramen: (0) surrounded by
bone; (1) open (forming a notch) or absent.

(77) (redefined). Processus retroversus of squamosal: (0) absent; (1)
present, moderately inflected; (2) present, not inflected (cf. Domn-
ing, 1978:fig. 7); (3) present, strongly inflected. (Unordered char-
acter.)

(85) Ventral extremity of jugal: (0) lies posterior to orbit; (1) lies ap-
proximately under posterior edge of orbit, but forward of jugal’s
postorbital process (if present); (2) lies ventral to orbit.

(88) Preorbital process of jugal: (0) relatively flat and thin (posterome-
dial-anterolateral breadth of portion lateral to maxillojugal suture
> anteromedial-posterolateral thickness); (1) thick and robust
(breadth � thickness).

(89) Posterior (zygomatic) process of jugal: (0) as long as or longer than
diameter of orbit; (1) shorter than diameter of orbit.

(90) Ventral rim of orbit: (0) does not distinctly overhang lateral surface
of jugal, where such a surface is present below the orbit; (1) does
distinctly overhang.

APPENDIX 2. Partial character-state matrix including informative characters (see Appendix 3 for definitions) used in the present analysis of the
taxa Halitherium taulannense, H. schinzii, H. christolii, Crenatosiren olseni, Nanosiren sanchezi, N. garciae, Dugong dugon, Bharatisiren kachchhensis,
Dioplotherium manigaulti, D. allisoni, Xenosiren yucateca, Corystosiren varguezi, Rytiodus capgrandi, and Rytiodus sp. from Libya. −, character not
applicable; ?, state unknown.

1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 2 3 3 4 4 4 4 6 7 7 8 8 8 9 9 0 2 2 2 2 2 3 4 4 4 4 4 5

6 7 0 4 6 0 6 7 2 3 4 5 6 2 7 5 8 9 0 7 2 2 3 5 8 9 7 0 1 2 3 4 7

halitaulan 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 – 1 1 1 0 2 0 0 0 1 0 0 0 1 1
halischinz 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 - 1 1 1 0 2 0 1 0 1 0 0 1 2 1
halichrist ? ? ? ? 0 ? 0 0 0 0 0 0 0 ? 1 ? ? ? ? ? 1 3 1 2 1 1 ? ? ? ? 1 2 ?
crenolseni 0 0 1 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 1 ? 1 3 1 2 1 1 0 1 0 0 1 2 2
nanosanchz 0 1 1 1 0 0 ? 1 1 ? ? 1 1 1 3 1 0 0 1 ? ? ? ? ? ? ? 0 0 0 0 1 2 2
nanogarcia ? ? 1 1 0 0 ? 1 1 ? ? 1 1 1 3 1 0 0 1 ? 2 3 1 2 1 ? ? 0 ? ? 1 2 2
dugngdugon 0 0 1 1 1 0 1 2 1 0 1 0 1 0 3 2 1 0 1 1 1 3 1 2 1 1 1 2 0 1 1 2 2
bharatkach 1 0 2 0 0 1 0 1 1 1 1 0 0 0 ? 2 1 0 1 2 1 ? ? ? ? ? ? 2 0 ? 1 2 2
dioplmanig 2 0 1 0 0 1 1 1 1 1 0 1 0 0 ? 2 1 1 1 2 2 ? ? ? ? ? 1 2 2 0 1 2 2
dioplallis 2 0 2 0 1 1 0 1 1 1 0 1 0 0 1 2 1 1 1 1 2 3 0 2 1 1 1 2 2 1 1 2 2
xenosyucat 2 ? ? 2 1 1 1 1 1 1 0 1 ? ? 1 1 1 1 1 ? ? ? ? ? ? ? 1 2 ? 1 ? ? 2
coryvargez ? 1 1 ? ? ? 1 2 1 ? 0 1 0 ? ? 2 1 0 ? ? ? ? ? ? ? ? 1 2 3 1 1 2 2
rytiocapgr 2 1 ? 0 ? ? 1 1 1 1 0 0 ? ? 1 2 ? 0 ? ? ? ? ? ? ? ? 1 2 3 1 ? ? 2
rytiosp 2 1 1 0 0 ? 1 1 1 1 0 0 1 ? 1 ? 0 0 1 2 1 3 1 ? 1 ? 1 2 3 1 1 2 2
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(97) Posterior border of palatine: (0) not incised, merely shallowly con-
cave; (1) incised or deeply indented; (2) very deeply incised, to as
far forward as level of M1.

(102) Pterygoid fossa: (0) absent; (1) present, extending above level of
roof of internal nares; (2) reduced, confined to below roof of in-
ternal nares

(122) Ventral border of horizontal mandibular ramus: (0) straight or only
slightly concave; (1) moderately concave, sharply downturned an-
teriorly; (2) moderately and evenly concave; (3) strongly concave
(Domning, 1994:fig. 2).

(123) Accessory mental foramina: (0) present, in addition to and usually
posterior to the large principal foramen; (1) absent (Domning,
1994:fig. 2).

(125) Posterior border of mandible: (0) descends ventrally or postero-
ventrally from condyle without marked interruption or abrupt
change of direction; (1) bears a step-like process (processus angu-
laris superior) below condyle; (2) has no distinct processus angu-
laris superior, but does have broadly convex outline beginning well
below condyle (Domning, 1994:fig. 2).

(128) Horizontal ramus of mandible: (0) slender (minimum dorsoventral

height < 0.25 × length of mandible); (1) broad dorsoventrally
(height � 0.25 × length of mandible) (Domning, 1994:fig. 2).

(129) Ventral border of horizontal ramus of mandible: (0) tangent to
angle; (1) not tangent to angle (Domning, 1994:fig. 2).

(137) Incisor tusk (I1): (0) enamel crown distinct from root; (1) enamel
extends entire length of tusk.

(140) Depth of I1 alveolus: (0) much less than half the length of the
premaxillary symphysis; (1) about half the length of the symphysis;
(2) much greater than half the length of the symphysis.

(141) Cross section of I1 crown: (0) suboval or subelliptical; (1) lens-
shaped, with sharp anterior and posterior edges; (2) lozenge-
shaped (Domning, 1978a:fig. 3B; 1989a:fig. 4A); (3) broad and
extremely flattened mediolaterally (Domning, 1990:fig. 4). (Unor-
dered character.)

(142) I1: (0) with enamel on all sides, forming complete enamel crown;
(1) with enamel mainly on medial side.

(143) I2-3, i1-3: (0) present, at least in part; (1) all absent.
(144) Canines: (0) double-rooted; (1) single-rooted; (2) absent.
(157) Permanent premolars: (0) some double- or triple-rooted; (1) all

single-rooted; (2) all absent.
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