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ABSTRACT

Two distal humeral fragments are described from the middle Eocene Shanghuang fissures (southern Jiangsu Province, China). These specimens
provide the first evidence of forelimb morphology among Shanghuang primates. One specimen belongs to an adapiform strepsirhine primate that
is morphologically similar to European adapines, while the other pertains to a small haplorhine primate having numerous features in common with
North American omomyids. Both fossils exhibit classic primate elbow adaptations that are functionally related to arboreality and climbing.

INTRODUCTION

This contribution on Chinese fossil primates is written to
honor the career of Dr. Mary Dawson, a longtime collabo-
rator with the Institute of Vertebrate Paleontology and Pa-
leoanthropology (Beijing, China). Mary’s long list of dis-
tinguished publications reveal her remarkable career in
mammalian paleontology and we are happy to contribute to
this volume in her honor. Our best wishes go out to her.

Over the last several years, the continued washing, sort-
ing, and identification of fossils from the Shanghuang fis-
sures in southern Jiangsu Province, China, has produced ad-
ditional postcranial elements, including two primate hu-
meral fragments from Shanghuang fissure D that we
describe below. These specimens are middle Eocene in age
(∼45 Ma) and provide the first evidence of forelimb mor-
phology among Shanghuang primates. The Shanghuang
humeral fragments represent two different lineages, one
from each of the two primate suborders, Strepsirhini and
Haplorhini. Both specimens show classic primate elbow
features for forearm rotation and mobility related to arbo-
reality and climbing (see Szalay and Dagosto 1980). Their
discovery permits us to consider the contribution of fore-
limb anatomy to our understanding of primate diversity and
evolution at Shanghuang and for Asian Eocene primates in
general.

Institutional abbreviations are as follows: AMNH,
American Museum of Natural History; CM, Carnegie Mu-
seum of Natural History; IVPP, Institute of Vertebrate Pa-
leontology and Paleoanthropology (Chinese Academy of
Sciences, Beijing, China); NIU, Department of Anthropol-
ogy, Northern Illinois University; NMMP, fossil primate
collection, National Museum of Myanmar (Yangon, Myan-

mar); UCMP, University of California Museum of Paleon-
tology.

DESCRIPTION

The IVPP V13021 humeral fragment is broken proximally
and is eroded in several regions distally (Fig. 1). Its trochlea
is poorly preserved. The specimen measures 17.85 mm in
absolute length and 8.75 mm in its distal epicondylar width
(Table 1). Its width dimensions are similar to Galago sene-
galensis (193–210 g; Bearder 1986), Cheirogaleus major
(235–470 g; Wright and Martin 1995), Loris tardigradus
(227–355 g; Bearder 1986), and Callithrix argentata (320–
357 g; Ford 1994). Our size comparisons suggest that the
IVPP V13021 humerus from Shanghuang belongs to a pri-
mate that weighed between 200 and 300 g. Although the
IVPP V13021 distal humerus is morphologically similar to
those of Adapis parisiensis (see below), it differs in being
much smaller (Table 1). Adapis parisiensis is estimated to
weigh 1300 g (Fleagle 1999). Based on frequency of dental
remains, the most common adapiform at Shanghuang is
Adapoides troglodytes (Beard et al. 1994). We estimated
the body mass of Adapoides troglodytes on the basis of its
lower first molar dimensions (length, 2.98 mm; width, 2.13
mm) using regression equations provided by Conroy
(1987). Conroy’s (1987) prosimian regression yielded a
mean body mass estimate of 285 g for Adapoides tro-
glodytes, while his all-primate regression produced a mean
body mass estimate of 343 g. Given the apparent correspon-
dence in both size and morphology, we regard IVPP
V13021 as pertaining to Adapoides troglodytes here.
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The IVPP V13021 humerus is narrow distally with a
small brachial flange. Both of these features are similar to
conditions in European Adapis and extant lorisine primates
and distinguish them from more typical euprimates. The ca-
pitulum and trochlea in IVPP V13021 are compressed to-
gether with a greatly reduced or absent zona conoidea (Fig.
2). This elbow articular morphology is also found in Adapis
and lorisine primates (Szalay and Dagosto 1980). The radial
fossa is very large and deep in IVPP V13021 (relatively
deeper than in Adapis and lorises). The entepicondylar fo-
ramen is relatively distal in position in IVPP V13021. In
contrast, this foramen lies above the level of the radial fossa

in Adapis and lorises. Table 2 lists several humeral ratio
comparisons between IVPP V13021 and Adapis.

The reduced distal width, reduced brachial flange, and
compressed articular region in IVPP V13021 are all elbow
features that are morphologically and functionally similar
to Adapis and lorises. Lorises have greatly expanded their
capitulum relative to their trochlea (Fig. 3; Szalay and Da-
gosto 1980). These features have been interpreted as indi-
cating a reduction in ulnar stabilization of the forearm in
lorises (Szalay and Dagosto 1980). In contrast, IVPP
V13021 has trochlear width and height measures (esti-
mated) that exceed similar measures for the capitulum. This
suggests that the elbow joint is not as specialized in IVPP
V13021 as it is in lorisines. In this regard Adapis shares
capitular and trochlear elbow features with IVPP V13021
that are lacking in lorises. The numerous similarities in limb
morphology shared between Adapis and lorises have sug-
gested lorisine-like locomotor capabilities in these fossil
primates (Dagosto 1983), although some workers have sug-
gested a more monkey-like movement pattern for Adapis
(Godinot and Jouffroy 1984; Godinot 1991). We also inter-
pret the IVPP V13021 distal humerus as being loris-like
rather than monkey-like in terms of elbow function and
adaptive abilities. The IVPP V13021 humerus from Shang-
huang is clearly that of an arboreal quadrupedal primate
with good climbing capabilities. Like extant lorises, it prob-
ably did not leap frequently, although additional evidence
from the hindlimb will be necessary to corroborate this in-
ference. Adapis has also been interpreted as an infrequent
leaper.

The IVPP V13022 humeral fragment preserves approxi-
mately the distal one-third of its original length (Fig. 4). It
has a notch removed from the brachial flange and a de-
pressed circular fracture in the center of the anterior surface.

Fig. 1.—Anterior and posterior views of IVPP V13021. Scale bar = 5 mm.

TABLE 1. Humeral measurements (mm) for IVPP V13021. * = estimated value.

V13021 Galago senegalensis
n = 8

Cheirogaleus major
n = 2

Adapis parisiensis
n = 4

Distal width 8.75 8.82 10.67 18.26
Total length — 31.45 35.87 —
Capitulum width 2.91 2.33 2.8 5.43
Capitulum height 2.87 2.37 3.02 5.7
Capitular tail length — 0.88 1.09 1.62
Zona conoidea width — 0.79 1.0 —
Anterior trochlear width 3.51 2.53 4.05 6.69
Anterior trochlear height—lateral 2.48* 2.16 2.83 4.05
Anterior trochlear height—medial 3.5* 2.68 3.06 5.31
Articular width 6.42 5.51 7.87 13.8
Posterior trochlear width 3.5 3.4 4.33 7.8
Posterior trochlear height 3.14 1.93 2.79 3.68
Trochlear depth 2.89 2.06 2.7 4.51
Capitular depth 2.78 2.62 3.21 7.02
Length of brachial flange 13.84 13.78 13.67 27.96
Midshaft m-l width 3.44 2.68 3.15 5.74
Midshaft a-p width 3.5 2.80 3.06 6.14
Medial epicondyle length 2.23 2.58 1.63 4.36
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The edge of the medial epicondyle is also broken. These
breakage patterns are similar to those described for bones of
small mammals that have been preyed upon by birds (An-
drews 1990), and one might therefore infer that IVPP
V13022 was preyed upon by an nocturnal owl or a diurnal
raptor. IVPP V13022 is notably small, with a distal width
(Table 3) between that of Microcebus berthae (mean body
mass = 30.6 g; range = 24.5–38 g) and Microcebus myoxi-
nus (mean body mass = 49 g; range = 36.5–64 g) (Raso-
loarison et al. 2000). We suggest that the IVPP V13022 hu-
meral fragment belonged to a primate weighing between 30
and 50 g. Although IVPP V13022 is morphologically simi-
lar to humeri of omomyid primates, an allocation to Omo-
myidae is problematic because omomyid primates of the
appropriate size have never been found at Shanghaung
(Beard et al. 1994). Measurements for this specimen are
provided in Table 3. Ratio values for IVPP V13022 and
Shoshonius are provided in Table 2.

The IVPP V13022 humerus has a downward or ob-
liquely angled trochlea like that of haplorhine primates
(Szalay and Dagosto 1980). It has a wide zona conoidea
separating the capitulum from the trochlea. The capitulum
is round and oblong in shape, closely resembling that of
omomyid primates. The capitulum is not as round as that of
tarsiers or Shoshonius. The capitulum has a tail, and the
capitular tail length to capitulum width ratio (48%) is rela-
tively long but similar to that of many prosimian primates,
including Microchoerus (47%) and Tarsius (44–50%)
(Gebo et al. 1994). The posterodistal humerus bears an epi-

trochlear fossa like that observed in Tetonius (Fig. 5), Mi-
crochoerus, and Fayum and extant anthropoids (Conroy
1976; Fleagle and Simons 1982; Ford 1988; Dagosto 1990;
Gebo et al. 1994), while tarsiers lack this feature (Dagosto
et al. 1999). Distally, the IVPP V13022 humerus has a
smaller and more distally located entepicondylar foramen
relative to that of Tarsius or omomyids such as Shoshonius
(Dagosto et al. 1999). The medial epicondyle projects me-
dially, like that of an omomyid, but is not as wide as those of
Tarsius and microchoerids. The brachial flange, from
which the brachialis and brachioradialis muscles arise, is
large and similar in shape to those of omomyids and some
microchoerids. The olecranon fossa is shallow, as is the
case in omomyids. There are no special morphological re-
semblances to the elbow regions of crown-group anthro-
poids, either fossil taxa from the Fayum or extant platyr-
rhine monkeys.

At Shanghuang, there are four different haplorhine taxa
occupying the 30–50 g size range (Gebo et al. 2001). Thus,
size cannot help us allocate this small humeral specimen to
a particular taxon of small haplorhine primates at Shang-
huang. The IVPP V13022 humerus is morphologically
more similar to omomyid primates than it is to tarsiers or
crown-group anthropoids. In fact, the only feature it shares
with crown-group anthropoids is the epitrochlear fossa, and
this feature co-occurs in omomyids and microchoerids. It
seems that the best taxonomic allocation for the IVPP
V13022 humerus is with either: (1) the omomyid-like pri-
mates at Shanghuang (Morphology 1 in Gebo et al. 2001);
or (2) a basal anthropoid taxon such as Eosimiidae, in which
case IVPP V13022 would illustrate a very primitive elbow
morphology for basal anthropoids. Although the morpho-
logical evidence is strongest for the first possibility, option
two remains an alternative possibility.

DISCUSSION

The two new humeral specimens from Shanghuang illus-
trate different primate elbow morphologies already docu-
mented among Eocene adapines and omomyids. The IVPP
V13021 humerus is similar to that of Adapis in its reduced
distal width, reduced brachial flange, and compressed ar-
ticular region. It differs from Adapis in its smaller size, its

Fig. 2.—Anterior view of distal joint surfaces in IVPP V13021 (left) and
Adapis parisiensis (right, reversed; AMNH 10018).

TABLE 2. Ratio values for Shanghuang humeri.

Ratios V13021 Adapis V13022 Shoshonius

Capitulum width/trochlear width 0.83 0.81 0.84 0.69
Capitulum width/capitulum height 1.01 0.95 1.05 0.81
Capitular tail length/capitulum width — 0.30 0.48 0.38
Lateral trochlear height/medial trochlear height 0.71 0.76 0.50 0.83
Trochlear width/articular width 0.55 0.48 0.38 0.47
Trochlear height/articular width 0.55 0.38 0.30 0.39
Articular width/distal width 0.73 0.76 0.73 0.70
Medial epicondylar width/distal width 0.25 0.24 0.22 0.35
Brachial flange length/distal width 1.58 1.53 1.06 1.63
m-l shaft width/a-p shaft width 0.98 0.93 0.96 1.02
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deeper radial fossa, and in the position of the entepicondylar
foramen. The IVPP V13022 humerus is most similar to
those of North American omomyids such as Tetonius, al-
though its entepicondylar foramen is located more distally.
It is less similar to humeri of Tarsius, Shoshonius, and Eu-
ropean microchoerids. Although both Shanghuang humeral
specimens exhibit differences from Eocene primate humeri
that were previously known, they are well within the mor-
phological range of adapine and omomyid humeral morphs.
The only Eocene primate elbow morphology currently
missing from the Shaunghaung site is that of a notharctine
or cercamoniine primate. Although the “notharctine” mor-
phological condition is not yet documented from the Shang-
huang fissures, poorly known sivaladapids like Hoangho-
nius might be predicted to possess such a morphology,
given their notharctine-like first metatarsal (Gebo et al.
1999). Elsewhere in Asia, this “notharctine” elbow mor-
phology has been documented from the Eocene of Myan-
mar (Pondaung Formation), in the form of a humerus in-
cluded in a partial skeleton (NMMP 20; Fig. 5) that has
often been attributed to the amphipithecid Pondaungia
(Ciochon et al. 2001) and later to Pondaungia savagei
(Gunnell et al. 2002; Ciochon and Gunnell 2002). For an
alternative taxonomic allocation for NMMP 20, see Beard
et al. (2007) and Marivaux et al. (in press).

The NMMP 20 humerus is large (Fig. 6), and its alloca-
tion to Pondaungia savagei rests solely on the basis of its
size, given that the NMMP 20 partial skeleton was not
found in association with diagnostic dental remains. Cio-
chon et al. (2001) estimated that the NMMP 20 humerus
pertains to a species having a body mass of 5 to 6 kg, based
on humeral length and its diameter at midshaft. We estimate
that NMMP 20 belongs to a primate that would have
weighed between 3.2 and 9.6 kg, using both humeral and
calcaneal dimensions as size estimators. Our mean body
mass estimate for NMMP 20 is 5.9 kg. Body mass estimates
for species of Pondaungia using dental measurements
range from 4 to 9 kg according to Ciochon et al. (2001). Egi
et al. (2004) provided similar estimates for Pondaungia
savagei ranging from 8.4 to 9.5 kg, with a mean estimated

body mass of 8.8 kg. Jaeger et al. (2004) revised the species-
level systematics of the larger-bodied amphipithecids from
the Pondaung Formation, recognizing only Pondaungia
cotteri as a valid species exhibiting a high degree of sexual
dimorphism [with an estimated body mass ranging from 5.5
to 10 kg, using the anthropoid regression equation in Con-
roy (1987)]. Jaeger et al. (2004) regard the holotypes of Am-
phipithecus mogaungensis and Pondaungia savagei as
male individuals of the sexually dimorphic species
Pondaungia cotteri. The NMMP 20 humerus fits within the
lower end of the range of estimated body mass for this re-
vised taxon, Pondaungia cotteri.

Ciochon and his collaborators have repeatedly argued
that the notharctine-like humerus included in the NMMP 20
partial skeleton indicates that Pondaungia and its close
relatives are adapiforms rather than anthropoids (Ciochon
et al. 2001; Gunnell et al. 2002; Ciochon and Gunnell 2002,
2004). This result agrees with some phylogenetic analyses
of amphipithecid dentitions (Ciochon and Holroyd 1994;
Gunnell et al. 2002). In contrast, most workers have argued
that the dental evidence for Amphipithecidae provides
compelling data in support of their anthropoid affinities
(Pilgrim 1927; Colbert 1937; Simons 1971; Ba Maw et al.
1979; Ciochon et al. 1985; Godinot 1994; Chaimanee et al.
2000; Jaeger et al. 1998, 2004; Beard 2002; Marivaux et al.
2005). The apparently conflicting phylogenetic signal
yielded by the NMMP 20 humerus on the one hand (which
suggests adapiform affinities) and the amphipithecid denti-
tion on the other (which most workers acknowledge sup-
ports anthropoid affinities) is problematic, because it is
highly unlikely that ancestral anthropoids would possess
notharctine-like elbows given the similarities among an-
thropoids, tarsiers, and omomyids in elbow morphology
(Szalay and Dagosto 1980). We are left with several unsat-
isfying possibilities. These include the following: (1) the
dental evidence suggesting that amphipithecids are anthro-
poids is misleading, and amphipithecids are indeed adapi-
form primates (Ciochon et al. 2001; Gunnell et al. 2002;
Ciochon and Gunnell 2002, 2004); (2) the postcranial evi-
dence suggesting that amphipithecids are adapiforms is
misleading, indicating a high and previously unsuspected
level of homoplasy in the appendicular anatomy of early
anthropoids; or (3) NMMP 20, which was not associated

Fig. 4.—Anterior and posterior views of IVPP V13022. Scale bar = 1 mm.

Fig. 3.—Left distal humerus of a lorisine (Nycticebus coucang, NIU 99-
4-1). Note the enlarged capitulum.
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with amphipithecid dental remains in the field, has been
misallocated to the Amphipithecidae (Beard et al. 2007;
Marivaux et al. in press). Option 3 decouples the NMMP 20
partial skeleton from the Amphipithecidae, leaving no rea-
son to doubt the anthropoid phylogenetic signal provided
by amphipithecid teeth and jaws.

Overall, the Eocene record of primate humeri from Asia
is exceedingly similar to the North American and European
records. The IVPP V13021 elbow is Adapis-like, and it
probably pertains to Adapoides. Adapoides is older and
dentally more primitive than the adapines found in Europe
(Beard et al. 1994). The dental and elbow evidence from
Shanghaung supports the hypothesis of an early Asian mi-
gration to Europe for adapine primates (Beard et al. 1994).
However, given the differences in humeral morphology be-
tween Adapis and Leptadapis in Europe (Dagosto 1983),
the similarities in elbow morphology shared by IVPP

V13021 and Adapis but not Leptadapis suggest multiple
dispersal events of adapines from Asia to Europe or a case
of convergent evolution. Although Asian adapines remain
poorly documented postcranially, what is known shows
them to be rather distinctive relative to notharctine or cer-
camoniine adapiform primates.

The IVPP V13022 elbow is very similar to those of omo-
myid primates from North America. Unfortunately, there
are several small primate taxa of this size at Shanghuang,
rendering any taxonomic allocation problematic. The IVPP
V13022 humerus does not share any distinctive features
with tarsiers, nor does it look like the humerus of crown-
group anthropoids. It matches best with our “Morphology
1” designation for the tarsal elements (Gebo et al. 2001).
Unfortunately, the taxonomic affinities of the Shanghuang
primates having “Morphology 1” tarsals remain obscure at
present. Clearly, a reassessment of the diverse range of pri-
mate dental remains found at Shanghaung is warranted to

Fig. 5.—Posterior views of IVPP V13022 (left) and Tetonius (right;
UCMP 134843). Note the presence of an epitrochlear fossa on both speci-
mens (arrows).

Fig. 6.—Distal humerus from Pondaung (NMMP 20; left) and Notharctus
tenebrosus (AMNH 127167; right).

TABLE 3. Humeral measurements (mm) for IVPP V13022.

V13022 Microcebus myoxinius
n = 7

Microcebus berthae
n = 1

Shoshonius cooperi
CM 69755

Distal width 4.5 4.97 4.18 6.12
Total length — 20.93 18.37 24.87
Capitulum width 1.05 1.22 1.09 1.4
Capitulum height 1.0 1.44 1.25 1.72
Capitular tail length 0.5 0.11 0.15 0.53
Zona conoidea width 0.5 0.48 0.4 0.33
Anterior trochlear width 1.25 1.69 1.46 2.03
Anterior trochlear height—lateral 0.5 1.27 1.16 1.39
Anterior trochlear height—medial 1.0 1.58 1.37 1.68
Articular width 3.3 3.5 3.1 4.29
Posterior trochlear width 1.2 2.33 1.6 3.26
Posterior trochlear height 0.5 1.42 0.9 1.34
Trochlear depth 1.1 1.2 1.31 1.44
Capitular depth 1.75 1.71 1.44 1.94
Length of brachial flange 4.75 7.0 6.54 10.0
Midshaft m-l width 1.25 1.57 1.31 1.98
Midshaft a-p width 1.3 1.69 1.44 1.94
Medial epicondyle length 1.0 1.04 0.8 2.15
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clarify the likely identity of this unnamed group of pri-
mates.
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