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1 Hispanopithecus Villalta Comella and Crusafont
considered a junior subjective synonym of Dryopithec
the basis of a lower face attributed to D. fontani (th
Moyà-Solà et al. (2009) have recently resurrected
(type species: H. laietanus) for several late Miocene
to this genus.
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paleobiology, we disagree with Deane and Begun’s (2008: 699)
conclusion that ‘‘it is likely that the positional behavior and loco-
Introduction

Deane and Begun (2008) recently used a high-resolution poly-
nomial curve fitting (HR-PCF) methodology (Deane et al., 2005) for
measuring hominoid phalangeal curvature. Polynomial curvature
measurements can be taken from fragmentary specimens and
generally yield results congruent with those computed by other
methods, such as the included angle (IA; Stern et al., 1995). Deane
and Begun’s (2008) approach is, therefore, promising for making
locomotor inferences in fossil taxa. These authors found their results
for extinct hominoids, such as Dryopithecus (here referred to
Hispanopithecus1), to be broadly consistent with pre-existing loco-
motor hypotheses, with the exception of Pierolapithecus, which
appeared most similar to suspensory hominoids (contra Moyà-Solà
et al., 2004). While we applaud such methodological advances in
Pairó, 1944 has long been
us Lartet, 1856. However, on

e type species of the genus),
the genus Hispanopithecus

species previously attributed

All rights reserved.
motor adaptations of Pierolapithecus included a significant suspen-
sory component.’’ As explained below, phalangeal morphology
indicates that the positional behavior of Pierolapithecus, unlike that of
Hispanopithecus, did not include a significant suspensory compo-
nent; thus, we argue that the latter taxon lacked specific adaptations
to this locomotor behavior.
Locomotor inferences based on manual phalanges

On locomotor categories

Based on polynomial curvature measurements, Deane and Begun
(2008) perform a discriminant function analysis that classifies
extinct taxa into predefined locomotor categories: knuckle-walking,
suspensory, terrestrial quadruped, arboreal quadruped, and biped.
They conclude that ‘‘While all other fossil taxa are most similar to
extant quadrupeds, Pierolapithecus and Dryopithecus [¼Hispano-
pithecus] are more closely aligned with extant suspensory homi-
noids’’ (Deane and Begun, 2008: 695). The number of extant cases
correctly classified by the analysis is low (57%), suggesting that
curvature alone is insufficient to correctly infer the positional
behavior of the studied taxa. Nevertheless, Deane and Begun (2008)
note that the proportion of correctly-identified, suspensory taxa is
higher than for other categories, thus concluding that the classifi-
cation of Pierolapithecus into this category is reliable.

Some degree of simplification is certainly required when
defining functional groups, but the inclusion of hylobatids and
orangutans into a single category may be unwarranted due to
extensive differences in their locomotor repertoires. While hylo-
batids perform an agile, ricochetal brachiation more similar to that
of atelines (Turnquist et al., 1999; Young, 2003), orangutans display
a much wider array of locomotor behaviors (Cant, 1987; Hunt, 1991;
Thorpe and Crompton, 2006); the latter include, besides vertical
climbing and arm-swinging, a large amount of orthograde clam-
bering and even pronograde quadrupedalism and suspension to
some degree. Combining hylobatids and orangutans into a single
suspensory category is, therefore, unlikely to permit accurate
locomotor inferences in fossil taxa, even though both groups are
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highly suspensory. Other categorizations would be possible, such as
distinguishing small-bodied brachiators (hylobatids and spider
monkeys) from quadrumanous climbers (orangutans; Matarazzo,
2008), although it should be noted that atelines display a more
versatile locomotor repertoire (further including quadrupedalism)
than do the highly-specialized hylobatids.

In any case, it should not be forgotten that locomotor repertoires
inferred for extinct hominoids must not be restricted to those
displayed by extant apes; just the reverse is expected, given the
mosaic nature of evolution (Stern and Susman, 1991). This is clearly
illustrated by several fossil apes, such as Proconsul (Rose, 1983;
Ward, 1993, 2007; Walker, 1997; Begun, 2007; Crompton et al.,
2008). Unfortunately, Deane and Begun (2008) did not report
discriminant scores, group centroids, or Mahalanobis distances,
which would have been useful for evaluating to what extent Pier-
olapithecus resembles suspensory hominoids more than quadru-
pedal monkeys, or whether Hispanopithecus fits better than
Pierolapithecus into the suspensory category.
Phalangeal curvature based on included angle (IA) measurements

The main advantage of Deane and Begun’s (2008) approach,
namely its applicability to fragmentary specimens, is not required
for either P. catalaunicus or H. laietanus, because several complete
phalanges are available (Almécija et al., 2007, 2008, 2009). More-
over, the merits of polynomial measurements notwithstanding,
included angle (IA) remains the most widely employed and
repeatable methodology for measuring phalangeal curvature (Stern
et al., 1995; Jungers et al., 1997; Richmond and Whalen, 2001;
Almécija et al., 2007, 2009; Ersoy et al., 2008; Matarazzo, 2008;
Richmond and Jungers, 2008). On the basis of the first polynomial
Fig. 1. Boxplots comparing proximal phalangeal curvature as computed on the basis of the fi
angle (b, data taken from Richmond and Jungers, 2008: their Fig. S5, except for fossil taxa rep
and whiskers the maximum-minimum range.
coefficient computed by Deane and Begun (2008), Hispanopithecus
resembles orangutans, while Pierolapithecus most closely resem-
bles hylobatids and displays phalanges more curved than chim-
panzees (Fig. 1a). IA measurements (Fig. 1b, Table 1, and Table 1 in
Supplementary Online Materials [SOM]: supplementary data
associated with this article can be found in the online version at
doi:10.1016/j.jhevol.2010.02.002) similarly show an orangutan-like
degree of proximal phalangeal curvature for Hispanopithecus
(Almécija et al., 2007); Pierolapithecus, on the contrary, displays
a much lower curvature (Almécija et al., 2009), being more
comparable to (in fact, displaying less curved phalanges than) the
knuckle-walking chimpanzees and most closely resembling the
fossil apes Griphopithecus and Sivapithecus (Fig. 1b, Table 1, and
SOM Table 1), for which a non-suspensory locomotor repertoire has
been inferred (Begun, 1992, 2007; Madar et al., 2002). Regarding
chimps, hylobatids, and Pierolapithecus, polynomial and IA
measurements clearly do not yield the same results, which
emphasizes our contention that other sources of evidence must be
sought.
Index of relative curvature (IRC)

A finer discrimination between locomotor categories is possible
when both proximal and middle phalangeal curvature is consid-
ered simultaneously by computing an index of relative curvature
(IRC; Matarazzo, 2008; see SOM Table 1); thus, even though small
brachiators and African apes display similarly-curved proximal
phalanges, they can be distinguished on this basis. The IRC for
Pierolapithecus and Hispanopithecus, much lower than one,
resemble the great ape pattern, which differs from small brachia-
tors by displaying proximal phalanges that are more curved than
rst polynomial component (a, after Deane and Begun, 2008: their Fig. 3) and included
orted in Table 1). Black vertical lines represent the median, boxes the 50% of the values,
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Table 1
Included angle (IA) measurements of phalangeal curvature (in degrees) of the
proximal and middle phalanges of Pierolapithecus, Hispanopithecus, and other fossil
taxaa

Taxon Specimen Phalanx Manual ray IA

Pierolapithecus catalaunicus IPS21350.12 PP II 45b

Pierolapithecus catalaunicus IPS21350.14 PP IV 53b

Pierolapithecus catalaunicus IPS21350.15 PP V 56b

Pierolapithecus catalaunicus IPS21350.13 MP III/IV 37c

Hispanopithecus laietanus IPS18800 PP II 69d

Hispanopithecus laietanus IPS18800 PP III 78d

Hispanopithecus laietanus IPS18800 PP IV 71d

Hispanopithecus laietanus IPS18800 MP II 52c

Hispanopithecus laietanus IPS18800 MP III 48c

Hispanopithecus laietanus IPS18800 MP IV (42)c

Hispanopithecus laietanus IPS18800 MP V 53c

cf. Griphopithecus K1420 PP III 51e50c

cf. Griphopithecus K1421 PP IV 52e46c

Sivapithecus parvada GSP 19700 PP IV 51f

a Estimated values due to some bone damage appear between parentheses. IA
measurements for cf. Griphopithecus were repeated for this study from Ersoy et al.
(2008: their Fig. 3) by S.A., who also took the IA measurements for P. catalaunicus
and H. laietanus. PP¼ proximal phalanges; MP¼middle phalanges.

b Almécija et al. (2009).
c This study.
d Almécija et al. (2007).
e Ersoy et al. (2008).
f Richmond and Whalen (2001: their Fig. 15.7).

Fig. 2. Relative phalangeal length (RPL) displayed as allometric bivariate plots of bone
length versus body mass in extant hominoids, macaques, and colobines separately for
manual rays II (a), III (b), and IV (c).
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intermediate phalanges. Hispanopithecus most closely resembles
orangutans by the extremely high curvature values, in agreement
with previous inferences of highly suspensory behaviors for this
taxon (Moyà-Solà and Köhler, 1996; Moyà-Solà et al., 2005;
Almécija et al., 2007, 2009; Deane and Begun, 2008). On the
contrary, Pierolapithecus most closely resembles African apes given
their more moderate proximal phalangeal curvature and lower
middle phalanx curvature. This does not rule out suspensory
behaviors in Pierolapithecus, but clearly indicates that it resembles
neither orangs nor hylobatids (the most suspensory living taxa), so
that a much lower committment to suspension must be inferred.
Although African apes are suspensory to some degree, they are also
largely terrestrial quadrupeds (e.g., Hunt, 1991). As such, inter-
preting the Pierolapithecus chimp-like pattern as indicative of
suspension would be as unwarranted as interpreting it as indicative
of knuckle-walking. Further evidence is thus, clearly required.

Relative phalangeal length (RPL)

The relative length of digits or manual phalanges allows better
discrimination between highly suspensory and less suspensory
taxa (Alba et al., 2003; Moyà-Solà et al., 2005; Almécija et al., 2007,
2009). On the basis of multivariate analyses of phalangeal length
and width measurements, Almécija et al. (2009) computed an
intrinsic index of relative phalangeal length (RPL); a larger RPL
value indicates arboreality, whereas a smaller RPL indicates ter-
restriality. This index shows that as compared to middle Miocene
hominoids Hispanopithecus displays elongated phalanges, thus
resembling orangutans and hylobatids; Pierolapithecus, on the
contrary, shows relatively shorter phalanges, thus being more
similar to chimpanzees and Sivapithecus (Almécija et al., 2009: their
Figs. 3b, d, and 4, Tables 3 and 6).

Here we show that equivalent results are obtained when the RPL
is computed in relation to body mass (Figs. 2 and 3; see SOM for
further details on methods and results). All hominoids display
relatively longer phalanges than do generalized quadrupedal
monkeys such as macaques. Macaca species vary considerably in
their degree of terrestrialty/arboreality (Fleagle, 1999: 190), but the
degree of variation displayed by our mixed-species macaque
sample does not exceed that of hominoid genera included in the
study. Among the latter, as noted by Susman (1979), chimpanzees
display a phalangeal length intermediate between orangutans and
gorillas; moreover, only the most arboreally-committed, suspen-
sory apes (hylobatids and orangutans) significantly depart from the
colobine condition, the latter being arboreal quadrupedal monkeys
with only limited suspensory capabilities. Among hominoids,
a higher RPL is correlated to increasing arboreality, from humans
plus gorillas, to chimpanzees, to hylobatids plus orangs (the latter
further departing regarding the fourth manual ray). Hispanopithe-
cus displays a higher RPL than Pierolapithecus, being intermediate



Fig. 3. Boxplots of residuals of relative length for the second (PP2) and fourth (PP4) proximal phalanges (see descriptive statistics in SOM Table 3) by taking chimpanzee regressions
(reported in SOM Table 2) as a criterion of subtraction.
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between chimps and suspensory taxa, and even overlaping with
the latter regarding the fourth phalanx. Pierolapithecus, on the
contrary, much more closely matches the colobine and chimpanzee
conditions. Again, this agrees with inferences of orang-like
suspensory capabilities in Hispanopithecus (Almécija et al., 2007),
and further confirms previous accounts of Pierolapithecus display-
ing shorter phalanges (Moyà-Solà et al., 2004, 2005; Almécija et al.,
2009), most closely resembling taxa with a significant quadrupedal
component.
Other morphological features

In addition to metric differences in length and curvature, other
morphological characteristics of phalanges, such as articular
surface shape, have functional meaning and are informative for
inferring positional behavior in fossils. Early to middle Miocene
apes are quite similar in phalangeal morphology, displaying many
features functionally related to palmigrady and powerful-grasping
capabilities (Almécija et al., 2008, 2009). Despite morphometric
similarities with chimpanzees in curvature and relative length,
Pierolapithecus differs considerably in many other phalangeal
morphological details. The latter indicates a lack of the suspensory-
related features shared between chimpanzees, orangutans, and
hylobatids, and indicates instead the retention of primitive,
palmigrady-related features (large basal palmar tubercles, dorsally-
directed proximal articular facet, non-palmarly-bent trochlea; see
Fig. 4 and Almécija et al., 2009, for further details). This indicates
that despite displaying chimp-like, intermediate phalangeal
curvature and relative length, the Pierolapithecus phalanges display
a morphological pattern that does not resemble any extant
suspensory ape, even when the African apes are included amongst
the latter.
Discussion

Moyà-Solà et al. (2004) inferred an orthograde bodyplan for
Pierolapithecus on the basis of ribs, clavicle, lumbar vertebrae, and
wrist anatomy, but argued that this taxon lacks specific suspensory
adaptations (see also Moyà-Solà et al., 2005). This has been
disputed by Begun and co-workers (Begun and Ward, 2005; Begun
et al., 2006; Begun, 2007; Deane and Begun, 2008), who argue that
similarities with hylobatids are indicative of ‘‘a considerable



Fig. 4. Fourth proximal phalanges of Pierolapithecus catalaunicus (a) and Hispanopithecus laietanus (d), as compared to colobines (Nasalis larvatus, b), chimpanzees (Pan troglodytes,
c), orangutans (Pongo pygmaeus, e), and gibbons (Hylobates moloch, f), in palmar and lateral views. All phalanges are scaled to the same length; scale bars represent 2 cm. Note that
both Miocene apes and colobines differ from living hominoids by displaying larger palmar tubercles as compared to the trochlea, with a distinct groove in between. Large palmar
tubercles are indicative of the presence of large sesamoid bones, which channel the long flexor tendons during hyperextension of the metacarpophalangeal joint during palmigrady
(see Almécija et al., 2009: their Fig. 6). Hispanopithecus, however, differs from Pierolapithecus (and more closely resemble extant suspensory forms) by displaying, among others,
a longer and more curved proximal phalanx with smaller palmar tubercles, a narrower channel, and a more beaked trochlea. The latter feature contributes to the overal phalangeal
curvature, thus contributing to a more efficient hook grasp during suspensory hand postures (see Almécija et al. (2009) and references cited therein).
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suspensory capability’’ for this taxon (Deane and Begun, 2008:
699). Begun, Ward, and co-authors (Ward, 1993, 2007; Begun and
Ward, 2005; Deane and Begun, 2008) follow Keith’s (1923) inter-
pretation that the set of forelimb and trunk features shared by
living apes (orthogrady) was originally related to brachiation (e.g.,
‘‘Living apes all share a suit of adaptations to below-branch, fore-
limb-dominated arboreality’’ [Ward, 2007: 1013, italics added]).
However, this need not be the case because orthograde features are
also functionally related to other behaviors displayed by living
hominoids, including climbing, clambering, and even facultative
bipedalism (Crompton et al., 2008). Current function must not be
equated with the original target of selection, especially given
previous assertions that original climbing adaptations could have
been later co-opted for suspensory behaviors (Cartmill, 1985;
Nakatsukasa et al., 2003; Moyà-Solà et al., 2004, 2005; Almécija
et al., 2009).
The relationship between phalangeal curvature and arboreal
behaviors, particularly suspensory ones (Stern et al., 1995), is
grounded on sound biomechanical models (Richmond, 2007).
Phalangeal curvature is particularly appealing for inferring
behavior because it is largely ecophenotypical (i.e., it largely results
from mechanical stresses experienced during ontogeny; Richmond,
1998, 2007; Richmond and Whalen, 2001; Matarazzo, 2008).
Nevertheless, for inferring the positional behavior of extinct taxa,
insights from phalangeal curvature are too limited and should not
be used alone. This is recognized by Deane and Begun (2008: 699),
who warn us that ‘‘caution should be exercised when analyzing
phalangeal curvature independent of other postcranial characters.’’
A ‘total morphological pattern’ approach (Stern and Susman, 1991)
of taking all the available evidence into account is therefore
required. It is beyond the scope of this paper to discuss other
anatomical regions in further detail, but phalangeal morphology
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and proportions are revealing enough regarding the possession of
suspensory adaptations. Orangutans and hylobatids are character-
ized not only by curved phalanges, but also by longer manual rays
than other apes (e.g., Susman, 1979). Long hands have been
considered an arboreal adaptation that enables the hand to func-
tion as a grasping hook during suspension (Preuschoft, 1973;
Susman, 1979; Sarmiento, 1988; Almécija et al., 2009) by covering
a large portion of the stem’s circumference and thus, preventing the
hand from slipping off. In this regard, the relatively longer
phalanges of Hispanopithecus as compared to Pierolapithecus, like
phalangeal curvature, indicate a much greater commitment to
suspension in the former taxon. Moreover, the lower phalangeal
curvature of Pierolapithecus cannot be attributed simply to shorter
phalanges, since IA values are expected, everything else being
equal, to increase at shorter lengths (Susman et al., 1984; Ohman
and Latimer, 1986). As such, the lower IA and RPL values of Pier-
olapithecus as compared to Hispanopithecus strongly indicate
significant locomotor differences (see below).

Both taxa display locomotor repertoires with no modern analog
amongst hominoids by retaining morphologically primitive
features indicative of a significant amount of above-branch,
powerful palmigrady, despite their orthograde bodyplan (Moyà-
Solà and Köhler, 1996; Moyà-Solà et al., 2004; Almécija et al.,
2007, 2008, 2009). The retention of pronograde quadrupedalism
in middle and late Miocene hominoids should not be surprising
given that orangutans still employ pronograde quadrupedalism to
some degree (Cant, 1987; Thorpe and Crompton, 2006; Crompton
et al., 2008), and given other fossil evidence highlighting the
mosaic nature of hominoid evolution (Rose, 1983, 1994; Rae, 1999;
Ward, 2007; Almécija et al., 2007, 2008; Alba and Moyà-Solà, 2008)
during which newer adaptations are progressively superimposed
upon more ancient ones. Palmigrady would have been gradually
abandoned as suspensory behaviors became progressively more
adaptively significant (Begun and Ward, 2005; Almécija et al., 2007,
2008, 2009), and hence the retention of palmigrady-related
features does not rule out the possession of suspensory capabil-
ities. This is clearly illustrated by Hispanopithecus (see below);
however, the considerable differences in phalangeal elongation,
curvature, and other morphological features between this taxon
and Pierolapithecus certainly point to significant locomotor differ-
ences, most likely related to suspensory behaviors. The high degree
of phalangeal curvature and elongation in Hispanopithecus, closely
resembling the orangutan condition, permits us to infer a signifi-
cant amount of suspensory behavior despite palmigrade retentions
(Moyà-Solà and Köhler, 1996; Moyà-Solà et al., 2005; Almécija et al.,
2007). On the contrary, the lower degree of phalangeal curvature
and elongation of Pierolapithecus, as shown here and elsewhere
(Almécija et al., 2009), is indicative at the very least of a much less
significant suspensory component (Almécija et al., 2008, 2009).
Given similarities with chimpanzees, suspensory behaviors cannot
be completely discarded on morphometric grounds, but the similar
condition displayed by colobines clearly indicates that these simi-
larities cannot be taken as specific suspensory adaptations. More-
over, extensive differences in other morphological phalangeal
features between Pierolapithecus and chimpanzees (Almécija et al.,
2009) further indicate that the former lacks the suspensory-related
features that characterize all living great apes.

Conclusions

Phalangeal morphology is a rich source of anatomical informa-
tion for making locomotor inferences in extinct hominoids, but
there is no reason to rely on curvature alone given additional
sources of anatomical evidence even from the same anatomical
region. Pierolapithecus and Hispanopithecus are both classified as
suspensory by Deane and Begun’s (2008) discriminant analysis, but
the latter is difficult to interpret because: (1) they conflate the
brachiating hylobatids with the clambering orangutans into
a single ‘‘suspensory’’ category; and (2) they do not report the
discriminant scores and group centroids that would be required to
assess to what extant Pierolapithecus fits into the suspensory
category into which it is classified. On the basis of IA measurements
for both proximal and middle phalanges, we show that Pier-
olapithecus phalanges are much less curved than those of both
Hispanopithecus and orangutans, further displaying a curvature
pattern that does not fit that of small brachiators. The lower degree
of RPL in Pierolapithecus further indicates a much lower significance
of suspensory behaviors than in Hispanopithecus. Finally, phalan-
geal morphology shows that Pierolapithecus, unlike the largely
terrestrial and less suspensory chimpanzees, lacks specific
suspensory adaptations, most closely resembling the condition of
other early to middle Miocene apes and extant quadrupedal taxa.
Overall, the evidence provided by Pierolapithecus falsifies the
hypothesis that suspensory behaviors were the main original target
of selection underlying the acquisition of orthogrady (see also
Moyà-Solà et al., 2004, 2005; Crompton et al. 2008; Almécija et al.,
2009). Nothing precludes suspension having been sporadically
employed by the orthograde Pierolapithecus, but available evidence
clearly indicates that it would not have been practiced to the same
degree as in hylobatids, orangutans, Hispanopithecus, or even in the
less suspensory African apes. As concluded by Almécija et al. (2009:
296), Pierolapithecus ‘‘lacked specific adaptations to below-branch
suspension’’ and cataloguing it as an extinct suspensory ape is
not warranted when all the available phalangeal evidence is taken
into account.
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Moyà-Solà, S., Köhler, M., Alba, D.M., Casanovas-Vilar, I., Galindo, J., Robles, J.M.,
Cabrera, L., Garcés, M., Almécija, S., Beamud, E., 2009. First partial face and
upper dentition of the Middle Miocene hominoid Dryopithecus fontani from
Abocador de Can Mata (Vallès-Penedès Basin, Catalonia, NE Spain): taxonomic
and phylogenetic implications. Am. J. Phys. Anthropol. 138, 126–145.
Nakatsukasa, M., Kunimatsu, Y., Nakano, Y., Takano, T., Ishida, H., 2003. Comparative
and functional anatomy of phalanges in Nacholapithecus kerioi, a Middle
Miocene hominoid from northern Kenya. Primates 44, 371–412.

Ohman, J.C., Latimer, B., 1986. A re-evaluation of phalangeal curvature measure in
hominoids. Am. J. Phys. Anthropol. 69, 247.

Preuschoft, H., 1973. Functional anatomy of the upper extremity. In: Bourne, H.
(Ed.), The Chimpanzee, vol. 6. Karger, Basel, pp. 34–120.

Rae, T.C., 1999. Mosaic evolution in the origin of the Hominoidea. Folia Primatol. 70,
125–135.

Richmond, B., 1998. Ontogeny and biomechanics of phalangeal form in primates.
Ph.D. Dissertation, State University of New York at Stony Brook, Stony Brook.

Richmond, B., 2007. Biomechanics of phalangeal curvature. J. Hum. Evol. 53,
678–690.

Richmond, B.G., Jungers, W.L., 2008. Orrorin tugenensis femoral morphology and the
evolution of hominin bipedalism. Science 319, 1662–1665.

Richmond, B.G., Whalen, M., 2001. Forelimb function, bone curvature and
phylogeny of Sivapithecus. In: de Bonis, L., Koufos, G.D., Andrews, P. (Eds.),
Hominoid Evolution and Climatic Change in Europe. Phylogeny of the Neogene
hominoid primates of Eurasia, vol. 2. Cambridge University Press, Cambridge,
pp. 326–348.

Rose, M.D., 1983. Miocene hominoid postcranial morphology. Monkey-like, ape-
like, neither, or both? In: Ciochon, R.L., Corruccini, R.S. (Eds.), New Interpreta-
tions of Ape and Human Ancestry. Plenum Publishing Corporation, New York,
pp. 503–516.

Rose, M.D., 1994. Quadrupedalism in some Miocene catarrhines. J. Hum. Evol. 26,
387–411.

Sarmiento, E.E., 1988. Anatomy of the hominoid wrist joint: its evolutionary and
functional implications. Int. J. Primatol. 9, 281–345.

Stern Jr., J.T., Jungers, W.L., Susman, R.L., 1995. Quantifying phalangeal curva-
ture: an empirical comparison of alternative methods. Am. J. Phys.
Anthropol. 97, 1–10.

Stern Jr., J.T., Susman, R.L., 1991. ‘‘Total morphological pattern’’ versus the ‘‘magic
trait’’: conflicting approaches to the study of early hominid bipedalism. In:
Senut, B., Coppens, Y. (Eds.), Origine(s) de la Bipédie chez les Hominidés. CNRS,
Paris, pp. 99–111.

Susman, R.L., 1979. Comparative and functional morphology of hominoid fingers.
Am. J. Phys. Anthropol. 50, 215–236.

Susman, R.L., Stern Jr., J.T., Jungers, W.L., 1984. Arboreality and bipedality in the
Hadar hominids. Folia Primatol. 43, 113–156.

Thorpe, S.K.S., Crompton, R.H., 2006. Orangutan positional behavior and the
nature of arboreal locomotion in Hominoidea. Am. J. Phys. Anthropol. 131,
384–401.

Turnquist, J.E., Schmitt, D., Rose, M.D., Cant, J.G.H., 1999. Pendular motion in the
brachiation of captive Lagothrix and Ateles. Am. J. Primatol. 48, 263–281.
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idos. Not. Com. Inst. Geol. Min. Esp. 13, 1–51.

Walker, A., 1997. Proconsul: function and phylogeny. In: Begun, D.R., Ward, C.V.,
Rose, M.D. (Eds.), Function, Phylogeny and Fossils: Miocene Hominoid Evolution
and Adaptations. Plenum Press, New York, pp. 209–224.

Ward, C.V., 1993. Torso morphology and locomotion in Proconsul nyanzae. Am. J.
Phys. Anthropol. 92, 291–328.

Ward, C.V., 2007. Postcranial and locomotor adaptations of hominoids. In:
Henke, W., Tattersall, I. (Eds.), Handbook of Paleoanthropology. Springer Verlag,
Heidelberg, pp. 1011–1030.

Young, N.M., 2003. A reassessment of living hominoid postcranial variability:
implications for ape evolution. J. Hum. Evol. 45, 441–464.


	Locomotor inferences in Pierolapithecus and Hispanopithecus: Reply to Deane andnbspBegun (2008)
	Introduction
	Locomotor inferences based on manual phalanges
	On locomotor categories
	Phalangeal curvature based on included angle (IA) measurements
	Index of relative curvature (IRC)
	Relative phalangeal length (RPL)
	Other morphological features

	Discussion
	Conclusions
	Acknowledgements
	Supplementary data
	References


