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Detailed description of the axial 
skeleton and a revised diagnosis
for this taxon establishes
firmly its validity.

REVISITING RINCOSAURUS
CAUDAMIRUS FROM THE UPPER 
CRETACEOUS OF PATAGONIA

MACROEVOLUTIONARY HISTORY
OF BODY SIZE IN
ARCHOSAUROMORPHS

STEM PLATYRRHINE 
FROM THE MIOCENE OF 
PATAGONIA

Analysis of more than 400 species
indicate increasing size after the
Permian/Triassic boundary.

A well-preserved humerus of
Homunculus patagonicus from
the Santa Cruz Formation points to 
a robustly built arboreal quadruped
that weighed between 2.2 and 2.6 kg.
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Abstract.We describe a well-preserved humerus of Homunculus patagonicus, a stem platyrrhine from the late early Miocene of the Santa Cruz
Formation, Santa Cruz Province, Argentina. The distal part of a humerus was collected by Carlos Ameghino and figured in the 19th Century, but
is now lost.  Other described postcranial elements, also collected by him include a femur and a partial radius. Comparative observations are made
with living and extinct platyrrhines, Oligocene African anthropoids, and extant strepsirrhines. Homunculus patagonicus was a robustly built
arboreal quadruped that weighed between 2.2 and 2.6 kg. There is no evidence that the elbow could be fully extended as in living suspensory
platyrrhines like Ateles. The medial orientation of the epicondyle suggests that the finger and wrist flexors were not aligned with the long axis
of the limb, a distinction from more cursorial monkeys (extant cercopithecoids and the Cuban Pleistocene fossil platyrrhine Paralouatta have
retroflexed medial epicondyles). Overall, the morphology is typically platyrrhine although the bone is quite robust. The robustness of the
humerus is most comparable to that of early anthropoids from Africa rather than any extant platyrrhine.

Key words. Platyrrhini. Primate evolution. Postcrania. Locomotion.

Resumen. NUEVO HÚMERO DE HOMUNCULUS PATAGONICUS, UN STEM PLATIRRINO DE LA FORMACIÓN SANTA CRUZ (MIOCENO TEMPRANO
TARDÍO), PROVINCIA DE SANTA CRUZ, ARGENTINA. En este trabajo se describe un húmero bien conservado de Homunculus patagonicus, un
stem platirrino del Mioceno temprano tardío de la Formación Santa Cruz, Provincia de Santa Cruz, Argentina. La parte distal de un húmero había
sido recolectada y figurada por Carlos Ameghino en el siglo XIX, pero actualmente se lo considera extraviado. Otros elementos poscraneales
descriptos, también recogidos por él incluyen un fémur y un fragmento de radio. Se realizaron observaciones comparativas con platirrinos vivos
y extintos, antropoideos africanos del Oligoceno y estrepsirrinos actuales. Homunculus patagonicus era un cuadrúpedo arbóreo de constitución
robusta que pesaba entre 2,2 y 2,6 kg. No hay evidencia de que el codo haya podido extenderse completamente como en los platirrinos
suspensorios actuales como Ateles. La orientación medial del epicóndilo sugiere que los flexores de los dedos y la muñeca no estaban alineados
con el eje largo de la extremidad, a diferencia de los monos cursoriales (los cercopitecoideos actuales y el platirrino fósil Paralouatta del
Pleistoceno de Cuba tienen epicóndilos mediales retroflexionados). En general, la morfología es típicamente platirrina, aunque el hueso es
bastante robusto. La robustez del húmero se asemeja más a la de los primeros antropoideos de África que a cualquier platirrino actual.

Palabras clave. Platirrinos. Evolución de los primates. Postcráneo. Locomoción.

POSTCRANIAL REMAINS of fossil New World primates are rela-

tively rare. The most complete skeletal remains are those of

Pleistocene–Recent monkeys from Brazil and the Caribbean.

Cartelles and Caipora are known from the Brazilian Pleistocene

(Cartelle & Hartwig, 1996; Hartwig & Cartelle, 1996; Halenar,

2011; Halenar & Rosenberger, 2013).  Greater Antillean mon-

keys for which there are limb bones include Xenothrix from

the Holocene of Jamaica, Paralouatta from the Pleistocene

of Cuba, and Insulacebus and Antillothrix from the Pleistocene

of the Hispaniola (Williams & Koopman, 1952; Rivero &

Arredondo, 1991; MacPhee et al., 1994; MacPhee et al., 1995;

MacPhee & Meldrum, 2006; Cooke et al., 2011; Rosenberger

et al., 2015; Tallman & Cooke, 2016). In contrast most of the

numerous species of fossil monkeys from the Miocene of

Argentina and Colombia, are known from very few elements

(Gebo & Simons, 1987; Anapol & Fleagle, 1988; Gebo et al.,

1990; Meldrum & Lemelin, 1991; Fleagle & Tejedor, 2002;

Hartwig & Meldrum, 2002; Kay et al., 2012). An exception is

the pitheciine Cebupithecia from the Colombian middle

Miocene (Stirton, 1951; Stirton & Savage, 1951; Meldrum,

1993; Meldrum & Kay, 1997.

The fossil monkey, Homunculus patagonicus was based
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on a mandible described by Florentino Ameghino  (Ameghino,

1891), found by his brother Carlos in deposits of the Santa

Cruz Formation (SCF) from the northern shore of Río Gallegos,

most likely collected at Felton’s Estancia (now Estancia Killik

Aike Norte) west of the town of Río Gallegos (Ameghino,

1891; Bluntschli, 1931; Kay et al., 2012) (Fig. 1). In the

following year, Carlos recovered a mandible and an

edentulous partial rostrum, which Florentino attributed

to this species along with a complete femur, a radius, a

fragment of the shaft of an ulna, and the extreme distal

end of the humerus from Corriguen Aike, farther north on

the Atlantic coast (Fig. 1). This find remains among the

most complete records of the postcranial skeleton of any

pre-Pleistocene fossil platyrrhine (Meldrum, 1993; Fleagle

& Tejedor, 2002). The humerus and other skeletal elements

were briefly described in notes published by Ameghino

(1893) and described more fully and figured in a subsequent

publication (Bluntschli, 1931). Unfortunately, while the

other skeletal elements are to be found in the collections of

the Museo Argentino de Ciencias Naturales “Bernardino

Rivadavia”, Buenos Aires (MACN), the distal humerus MACN

A 5761 appears to be lost. The only surviving physical

representation of this fossil is a cast of the bone in the

collections of the Anthropology Institute in Zurich,

Switzerland (Ford, 1994) (Fig. 2.2).  Before it was lost, the

Corriguen Aike humerus was also photographed by William

B. Scott in 1901 (Vizcaíno et al., 2017) and illustrated by

Bluntschli (1931). Bluntschli's drawing accurately depicts the

Figure 1. Map of Santa Cruz Province showing the places (stars)
where monkeys have been found in the Santa Cruz Formation, in-
cluding: 1, Killik Aike Norte (= Estancia Felton), 2, Puesto Estancia La
Costa (=Corriguen Aike), 3, Estancia La Costa (=Estancia Montes),
4, Rincón del Buque, 5, Cañadón de las Vacas, 6, Monte León, 7,
Barrancas Blancas, 8, Segundas Barrancas del Río Santa Cruz, 9, Río
Bote. Basemap modified after figure 1 in Cuitiño et al. (2016).

Figure 2. Homunculus patagonicus distal humerus. 1, MACN A 5761 from Corriguen Aike collected by Carlos Ameghino, at Corriguen Aike in 1892,
illustration by Hans Bluntschli (1931: 859, fig. 26); 2, cast of same specimen (original now misplaced); 3, photograph of MACN A 5761 made
by W. B. Scott in 1901 (Vizcaíno et al., 2017); 4, distal part of the new humerus MPM PV 3500; 5, cast of Cebupithecia sarmientoi distal right
humerus UCMP 38762. Top row, anterior view; bottom row, posterior view. Scale bar equals 10 mm.
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specimen, as represented by Scott’s photograph (Fig. 2.3).

The photographs make evident that there are imperfections

of the surviving Zurich cast related to blurring of anatomical

features and seam lines between the parts of the mold.  

Corriguen Aike, where the skeletal elements were found

is a puesto (sheep camp) on the large Estancia La Costa (at

that time called Estancia Montes) between the mouths of

the Río Coyle and Río Gallegos in Argentinian Patagonia

(Marshall, 1976; Vizcaíno et al., 2012a). The Corriguen Aike

site, now called Puesto Estancia La Costa (Vizcaíno et al.,

2012a) (Fig. 3), is a remarkable paleontological locality

where the fossiliferous levels lie in the intertidal zone so

that they are constantly weathering, but can only be

collected at low tide and in weather conditions when the

detrital mud is swept clear (Hatcher, 1903). This site

continues to yield many complete skulls and skeletons that

provide much of our knowledge of the latest early Miocene

mammals of South America (Vizcaíno et al., 2012b; Kay et al.,

2021). 

In this paper we describe a nearly complete right

humerus, lacking only the proximal end, from Puesto Estancia

La Costa, which we attribute to the species Homunculus

patagonicus. The specimen was discovered during a 2004

paleontological expedition by the Museo de la Plata

(Argentina) and Duke University (USA).

Institutional abbreviations. MACN A, Museo Argentino de

Ciencias Naturales “Bernardino Rivadavia”, Colección Ameghino,

Buenos Aires, Argentina; MPM PV,Museo Regional Provincial

Padre M. J. Molina, Río Gallegos, Argentina; UCMP, University

of California Museum of Paleontology, Berkeley, CA, USA;

AMNH, Mammal collections, American Museum of Natural

History, New York, USA; CGM, Cairo Geological Museum,

Figure 3. Puesto Estancia La Costa (PLC) at low tide looking north. 1, The figures are clustered around the site of the recovery of MPM PV 3500;
2, MPM PV 3500 in situ.
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Cairo, Egypt; USNM, Vertebrate zoology collections of

the Smithsonian Institution Natural History Museum,

Washington, DC, USA; DPC, Duke Lemur Center Division Of

Fossil Primates, Durham, NC, USA.

MATERIALS AND METHODS

Locality Information

The new humerus (MPM PV 3500, field catalog number

PLC JP 04-054; Fig. 4) was found by Jonathan Perry in situ at

Puesto Estancia La Costa (PLC) in stratigraphic level 5.3 a

unit named by Adán Tauber in the Estancia La Costa

Member of the SCF south of the Río Coyle (Tauber, 1997;

Fleagle et al., 2012; Perkins et al., 2012). The same and

adjacent stratigraphic levels have yielded several crania

attributed to Homunculus patagonicus in recent years (Kay

et al., 2012). The age of this level is between 17.3 and 17.6

Ma, based on the age of two radiometrically dated tuffs that

bracket it: the CO tuff of Perkins et al. (2012) and the CV-13

Figure 4. Homunculus patagonicus right humerus, MPM PV 3500. 1, Anterior view of original and reconstruction from CT scan; 2, posterior view
of original and reconstruction from CT scan and original. Scale bar equals 10 mm.

Downloaded From: https://bioone.org/journals/Ameghiniana on 12 Jan 2022
Terms of Use: https://bioone.org/terms-of-use	Access provided by Duke University



AMEGHINIANA - 2022 - Volume 59 (1): 78–96

 82

tuff of Trayler et al. (2020). The former as refined by high-

precision U-Pb age modeling is 17.31 Ma and the latter is

17.62 Ma (Trayler et al., 2020). 

Sample Digitization

MPM PV 3500 was Micro-CT scanned at the University

of Texas High-Resolution CT Facility (UTCT) and a copy of

the Zurich cast of Ameghino’s original distal humerus

(MACN A 5761) was Micro-CT scanned at the Shared

Materials Instrumentation Facility (SMIF), Duke University,

with surface reconstructions presented for both using Aviso

Version 8.1 (Visualization Sciences Group, 2007–2015).

These scans and 3D models are available for download

online at www.Morphosource.org (Copes et al., 2016).  

A broad sample of platyrrhine species was used for the

morphological comparisons, with the addition of select early

anthropoid and non-anthropoid taxa as appropriate. Most

of the comparative sample was Micro-CT scanned at Duke

University, SMIF, and reconstructed into 3D surface models

for the most direct comparisons of detailed morphology

across the full range of extant platyrrhine taxa, which span

two orders of magnitude size difference from the pygmy

marmoset (~100 g) to the largest atelids (~10,000 g) (Smith

& Jungers, 1997).

Body mass estimation

The body mass of Homunculus, represented by MPM PV

3500, is estimated from a sample of 126 individual platyrrhine

humeri from 17 genera listed in Table 1. Supplementary

Online Information 1 provides specimen numbers and

measurements of these specimens. Surface area measure-

ments of two articular facets illustrated in Figure 5 were

taken directly from the 3D digital models in Geomagic Studio

v. 12 (Geomagic, USA).  Articular surfaces have proven to be

reliable and accurate predictors of body mass across pri-

mates (Lieberman et al., 2001), including in studies of fossil

platyrrhines (Yapuncich et al., 2015).  

Surface area measurements of condylar and trochlear

articular facets (Fig. 5) were taken directly from the 3D

digital models in Geomagic Studio v. 12 (Geomagic, USA).  The

methods for demarcation are like those outlined in Yapucich

et al. (2015) and papers cited therein. A posterior view

shows the condylar articular surface (trochlea) for the ulnar

trochlear notch. Anteriorly there are three surfaces: (1) a

continuation of the trochlea defined by strong medial and

lateral borders, (2) the capitulum for the radius, clearly

defined by strong lateral and rounded medial borders, and

(3) the zona conoidea, which is the ‘valley’ between the

other two—the zona conoidea is grouped with the capitulum

for the analyses because it is also a weight-bearing element

for the radius. The different articular surfaces transition

(capitulum stops and trochlea takes over) in the most

distal view. Thus, in Figure 5, the anterior and posterior

views, the separation is indistinct. Subsequent figures show

TABLE 1. Body mass regression parameters for the Humerus Capitulum Facet (HCF), Humerus Trochlear Facet (HTF), and the Combined
Humeral Facets (CHF). 

Facet N m-LCI Slope (m) m-UCI b-LCI Intercept (b) b-UCI QMLE

HCF 42 1.192 1.276 1.360 1.875 2.221 2.567 1.024

CHF 42 1.204 1.292 1.381 0.656 1.093 1.530 1.026

HTF 42 1.198 1.297 1.396 1.392 1.824 2.257 1.032

Notes: Upper and Lower Confidence Intervals (UCI and LCI) listed for the slope (m) and intercept (b) of the body mass regression equations. The
Quasi-Maximum Likelihood Estimate (QMLE) is a correction factor used when moving from logged to unlogged regression estimates.

Figure 5. Homunculus patagonicus humerus MPM PV 3500. 1, Anterior
and 2, posterior views of the distal humerus illustrating the surface
areas measured for body size prediction. A, trochlea surface in yellow;
B, capitulum surface in blue. Scale as in Figure 2.4.
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these articular surfaces more clearly from the distal-most

perspective.  

Each facet measurement from each individual was

reduced to 42 data points representing species-dimorphic

averages (Yapuncich et al., 2015). Individuals of the same

sex and species were averaged to a single data point unless

reported dimorphism levels in that species were above 20%.

Body mass data from Smith and Jungers (1997) were used

for the dimorphism cutoff and for the final regressions.

Taxa with dimorphism levels above the 20% threshold were

treated as separate male and female data points for that

species.  

Average surface area data was logged using the natural

log and logged body mass data was regressed onto it to

generate three body mass estimates from articular surface

areas of the distal humerus:  the humerus trochlear facet

surface (HTF), the humerus capitulum facet surface (HCF),

and these combined articular surface areas (combined

humeral facets or CHF). Mass estimates derived from these

regressions were unlogged and multiplied by a correction

factor (QMLE; Smith, 1993) (Tab. 1). Regression precision

statistics included with these regressions are the Coefficient

of Determination (r2), Percent Standard Error of Estimate

(%SEE), and Mean Standard Error (MSE). Accuracy statistics,

derived from an independent subsample of individuals

with known body masses, include the Mean Percentage

Error (MPE), or the absolute values of prediction errors for

all individuals in the test sample. Additionally, following

Yapuncich et al. (2015), the percentage of individuals with

an average estimated error under 20% was also reported

to account for outlier estimates (%MPE<20%) (Tab. 2).

Finally, MPE* and %MPE<20% also use a subsample of

primates to test the accuracy of the prediction regressions,

but differ from the MPE and %MPE<20% described above

by using species-average body mass data taken from

Smith & Jungers (1997) instead of known individual body

mass data. These modified accuracy statistics provide a

comparison between the estimated mass and the average

(e.g., population) species body mass, and not from single

individuals that may or may not be good population

representatives. 

RESULTS

Description and comparative anatomy

Although it was not directly associated with any dental

or cranial remains, MPM PV 3500 can be attributed to

Homunculus patagonicus with near certainty. The new

humerus is virtually identical in dimensions and details of

morphology to the humeral fragment recovered in association

with dental remains of Homunculus by Carlos Ameghino

(Fig. 2). Moreover, the associated material from this site has

recently been designated the neotype of Homunculus

patagonicus (Tejedor & Rosenberger, 2008), so, the question

of allocation to the original type, now lost, from a different

and distant locality at a different and higher stratigraphic

level, is moot. 

MPM PV 3500 is a nearly complete right humerus,

lacking only the head and the most proximal part of the

shaft (Figs. 4, 6). The distal portion is intact and undistorted.

However, the proximal one-third of the bone shows a

TABLE 2. Body mass regression precision and accuracy.  

Facet Precision Accuracy

r2 %SEE MSE MPE %MPE<20% MPE* %MPE*<20%

HCF 0.959 24.16 0.045 10.92 86.67 16.69 72.00

CHF 0.956 25.28 0.048 9.64 86.67 14.61 80.00

HTF 0.946 28.41 0.060 11.56 80.00 18.18 64.00

Notes: Precision statistics, or those that describe the fit of the data to the regression, include the Coefficient of Determination (r2), the Percent
Standard Error of Estimate (%SEE), and the Mean Standard Error (MSE).  Accuracy statistics, or those that test the regression equations on a small
population of primates with known body masses, include the Mean Percentage Error (MPE) and the Percent Mean Percentage Error that fall under
20% in the sample (%MPE<20%).  MPE* and %MPE*<20% use a subsample of primates to test the accuracy of the regressions, but use species-
average body mass data taken from Smith and Jungers (1997) instead of true individual body mass data.

Downloaded From: https://bioone.org/journals/Ameghiniana on 12 Jan 2022
Terms of Use: https://bioone.org/terms-of-use	Access provided by Duke University



AMEGHINIANA - 2022 - Volume 59 (1): 78–96

 84

number of thin breaks apparently due to expansion of the

surrounding and enclosing sediment matrix. Although the

bone is broken in many places, in all cases the breaks line

up very well, and the original shape can be restored.

The bone has a preserved maximum length of 85 mm. It

appears that the anterolateral portion of the humeral shaft

may be preserved very close to its proximal epiphysis. At

this point the convexity of the deltoid plane appears to

reach its completion with a small portion of bone extending

beyond the plane. This most proximal bit of bone may

represent the beginning of the proximal epiphysis. If this is

the case, then the total length of the undamaged humerus

was likely between 89 and 94 mm. However, when

compared with extant platyrrhines of similar body size

(based upon the mass predictions from articular surfaces,

Tab. 3), a length of >100 mm might be expected. This points

to the greater overall robusticity of the preserved parts. 

Much of the superior-most dorsal part of the shaft is

missing and there are numerous hairline cracks in the bone

resulting from crushing and expansion of rock matrix within

the bone. Nevertheless, the more prominent features of

bony anatomy are preserved and permit broad comparisons

of MPM PV 3500 to a range of extant and fossil primate

taxa. In anterior view, the lateral side of the proximal

humeral shaft has a broad and well-defined anterolaterally

facing deltoid plane (Figs. 6–7). The plane is bounded

anteriorly by a pronounced deltopectoral crest and laterally

by a sharp deltotriceps crest. Because of damage to the

posterior part of the shaft, only the distal portion of the

deltotriceps crest is preserved; however, the well-defined

edges, and slightly concave shape of the deltoid plane

suggest that the deltotriceps crest almost certainly

extended more proximally than the point of fragmentation.

Medial to the deltopectoral crest is a shallow bicipital

groove, bounded medially by a pronounced crest for the

attachment of muscle (m.) teres major (Fig. 6). A distinct

bicipital groove and distinct crest for teres major are visible

in many African Eocene and Oligocene anthropoids (e.g.,

Apidium, Aegyptopithecus; CGM 40855, DPC 1275) and

extant strepsirrhines (e.g., the galagid Otolemur), but weakly

developed in the wide range of extant platyrrhine specimens

we have examined. The most superior part of the posterior

surface of the proximal humeral shaft is eroded away along

with the head. More distally, the posterior surface has a

smoothly rounded convex shape bounded laterally by the

crest for the lateral head of m. triceps and medially by the

crest for m. teres major.

The breadth of the proximal humeral shaft of MPM PV

3500 is reminiscent of many strepsirrhines and early

anthropoids, and the detailed morphology of the deltoid

plane and associated crests (Sections A and A’ in Fig. 6) is

unusual compared with other primates, extant or fossil, in

its flatness, its anterolateral orientation, and its raised

distolateral ridge. 

TABLE 3. Body mass estimates of Homunculus patagonicus from articular surface area regressions of the Humerus Capitulum Facet (HCF),
Humerus Trochlear Facet (HTF), and the Combined Humeral Facets (CHF).  Mass predictions include 95% confidence intervals (CI- and CI+).

Taxon Facet Used CI - Predict CI +

Homunculus
(MPM PV 3500)

HCF 1536 2561 4269

CHF 1407 2395 4076

HTF 1261 2275 4103

Homunculus
(Zurich Cast)

HCF 1543 2572 4288

CHF 1427 2429 4136

HTF 1290 2327 4199

Cebupithecia
(IGM 183420)

HCF 1305 2174 3622

CHF 935 1589 2703

HTF 645 1164 2099
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In most primates, the deltoid plane faces more laterally

than anterolaterally and usually follows the rounded

curvature of the humeral shaft. The deltotriceps crest,

when present, is usually more distinct proximally and more

poorly defined distally (Fig. 7). A prominent deltopectoral

crest is common in many strepsirrhines, in tarsiers, in many

catarrhines, in early anthropoids like Aegyptopithecus (DPC

1275, Fig. 7.11) and Apidium (Figure 1d in Fleagle & Simons,

1995), and in some extant callitrichine platyrrhines.  

Among living and fossil platyrrhines, the closest ap-

proximation to the deltoid plane morphology of MPM PV

3500 is in some specimens of the pitheciid Pithecia pithecia

and in many callitrichines, especially Callimico goeldii (Fig.

7.1) and Saguinus mystax (Fig. 7.3). Fossil taxa from the

Caribbean, namely Antillothrix bernensis (MacPhee et al.,

1995) (Fig. 7.10) and Insulacebus toussaintiana also show

similarities in this region (Cooke et al., 2011; Tallman & Cooke,

2016). All of these taxa share a prominent and barely con-

cave deltoid plane with distinct deltopectoral and deltotriceps

crests, although the plane is more laterally oriented com-

pared to Homunculus. The extant taxa with this comparable

morphology share a propensity for utilizing vertical supports

in various locomotor and postural behaviors (Garber, 1992;

Porter & Garber, 2004; Walker, 2005; Cooke et al., 2016).

The middle portion of the humeral shaft of MPM PV

3500 has a gently rounded, convex posterior surface, a

flattened anteromedial surface and a slight ridge anteriorly

below the deltoid tuberosity (Section B in Fig. 6). Although

the region shows a number of proximo-distally oriented

hairline fractures, the anatomical shape is certainly not

the result of postmortem damage. The humeral shaft in

Homunculus is relatively robust compared with extant

platyrrhines and more similar to the robustness found among

many early anthropoids (compare midshaft Diameter/

humeral length in Tab. 4).  

On the posterolateral surface of the shaft, the

brachioradialis flange (Section C in Fig. 6, Fig. 8) is long

and broad carrying the origin for m. brachioradialis far

proximally, as in Apidium (e.g., DPC 1008,  Fleagle & Simons,

1995) and Aegyptopithecus, (e.g., DPC 1275, CGM 40855,

Fleagle & Simons, 1982) but unlike its more distal origin in

extant platyrrhines (Figs. 7, 9) (Fleagle & Kay, 1987). The

distal end of the shaft is marked laterally by a distinct

brachioradialis flange that is much broader than that of any

extant platyrrhine (Figs. 7–8) but similar to that of many

strepsirrhines or Aegyptopithecus. Nevertheless, the lateral

epicondyle is not large and does not extend more laterally

than the capitular tail (Fig. 8). If the total unbroken length of

the humerus, as we reconstruct it, is 89–94 mm, then the

lateral edge of the brachioradialis flange extends roughly

40% up the humeral shaft. This is on the higher end of values

found among extant or fossil platyrrhines, but similar to
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Figure 6. Three Micro-CT cross sections of MPM PV 3500 with the
bone viewed anteriorly.  Section A, the proximal end of the shaft
showing the flattened anteromedial deltoid plane. Cracks in the bone
are very thin and line up perfectly suggesting no substantial distor-
tion. Section A’, cross-section at Section A corrected for cracks and
displacement of bone. Section B, the middle section of the humeral
shaft. Note the triangular shape with a gently rounded, convex
posterior surface and a slight ridge anteriorly below the deltoid
tuberosity. Section C, the distal end of the shaft. Note the strong
brachioradialis flange. Scale bar equals 10 mm.
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that of the early anthropoids, Aegyptopithecus and Apidium.

Some Callicebus or Cebus individuals have a flange projec-

ting over 35% up the humeral shaft, as does at least one

specimen of Antillothrix, but with notably less robust develop-

ment. The very large fossil atelid from the Pleistocene of

Brazil, Cartelles coimbrafilhoi has an exaggerated width of

the brachioradialis flange (Halenar & Rosenberger, 2013),

but it extends less than 28% of the total shaft length, and

the details of the surrounding distal articular morphology

in Cartelles show few similarities to the new humerus

described here.

Overall, the distal articular area of Homunculus is broader

(relative to the length of the bone) than that of many extant

platyrrhines, but not as broad as in many extant and fossil

strepsirrhines (compare bicondylar width index in Tab. 4).

The medial side is marked by a prominent medial epicondyle

and an entepicondylar foramen (Figs. 8–9) located just

above the trochlea. The medial epicondyle has a posterior

angle (measured relative to the alignment of the trochlea

and capitulum as seen from the distal view (Fig. 8.3) of ap-

proximately 25°, similar to that of many arboreal quadrupeds

(Tab. 4, see also distal views in Fig. 9). The orientation of the

medial epicondyle is generally correlated with the habitual

positioning of the hand.  More cursorial primate quadrupeds

(whether arboreal or terrestrial) have a more posteriorly

directed medial epicondyle, sometimes referred to as a

‘retroflexed’ medial epicondyle (Fleagle & Simons, 1978;

Fleagle & Kay, 1983; MacPhee & Meldrum, 2006; Hunt,

2016). This places origin of the flexor muscles of the wrist

and fingers on the posterior surface of the forearm and in

line with a pronated position of the forearm (and hand). In

contrast a prominent medially extending medial epicondyle

places the origin of these flexors in a more medial position

and is associated with wide range of forearm pronation and

supination. Thus, in terrestrial quadrupeds, (and most

cercopithecines e.g., Chlorocebus, Miopithecus) the value of

the medial epicondyle angle is high. In suspensory species

(Ateles, Alouatta) and clingers (Pithecia, Callimico, Saguinus,

TABLE 4. Selected indices of humerus shape comparing Homunculuswith a variety of extant and fossil primates.

Species Suborder Family
Maximum 

length

Midshaft 
Diameter/

Length

100* 
Bicondylar 

width/Length

Medial 
Epicondylar 

Angle

Capitulum 
Depth/Ant

Articular Width

Aegyptopithecus zeuxis
Anthropoidea 

(basal)
Pliopithecidae 141 9.6 23 25 53.5

Apidium phiomense
Anthropoidea 

(basal)
Parapithecidae 62 8.5 24.5 26.9 57.4

Chlorocebus aethiops Cercopithecoidea Cercopithecidae 125.9 7.5 16.7 50.1 80

Miopithecus talapoin Cercopithecoidea Cercopithecidae 83.6 6.59 16.2 50 81

Eulemur fulvus Lemuroidea Lemuridae 83.2 7.6 23 9.3 49

Aotus trivirgatus Platyrrhini Cebidae 73.5 6.5 19 15 58

Plecturocebus moloch Platyrrhini Pitheciidae 75.8 6.7 19 19 54

Callithrix pennicillata Platyrrhini Cebidae 47.1 7.6 21 0 51

Cebupithecia sarmientoi Platyrrhini Pitheciidae 88.1 7.3 20 25 49

Sapajus apella Platyrrhini Cebidae 102.7 7.3 21 34.6 60

Homunculus patagonicus Platyrrhini Homunculidae 92 9.1 22 25 49

Saguinis oedipus Platyrrhini Cebidae 55.4 8.1 23 0 51

Saimiri sciureus Platyrrhini Cebidae 67.5 6.8 18 25.5 62

Ateles paniscus Platyrrhini Atelidae 218.7 5.4 13.9 3.0 40

Notes: Modified from Fleagle and Simons (1995), with additions.
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Figure 7. Comparison of the humeri of modern and fossil anthropoid taxa with the new Homunculus humerus in anterior and lateral views.
1, Callimico goeldii (USNM 395455); 2, Sapajus apella (AMNH 133851); 3, Saguinus mystax (AMNH 188177), anatomical structures of the proxi-
mal humerus mentioned in the text are labeled; 4, Alouatta seniculus (AMNH 211543); 5, Aotus nancymaae (AMNH 239852); 6, Plecturocebus
cupreus (AMNH 136208); 7, Varecia variegata (DPC 049); 8, Homunculus patagonicus (MPM PV 3500); 9, Cebupithecia sarmientoi (UCMP
38762); 10, Antillothrix bernensis (MHD 03a); 11, Aegyptopithecus zeuxis (DPC 1275). Images not to same scale.
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Callithrix), it is close to 0; and in arboreal quadrupeds (e.g.,

Aotus, Callicebus, Cebus, Saimiri ), it is intermediate (e.g., Fleagle,

2013). Homunculus falls with the arboreal quadrupeds (see

Tab. 4 and Fig. 9). The borders of the entepicondylar

foramen at its ventral opening are relatively uniform, unlike

the distally excavated border morphology found often in

cebines and callitrichines.

The distal humeral articulation for the radius and ulna

is similar to that of many extant platyrrhines, especially to

the pitheciines Cebupithecia and Pithecia (Figs. 7–9). The

capitulum is positioned in line with the humeral shaft in

lateral view, not displaced or ‘rolled’ ventrally as in more

terrestrial cercopithecines (Fleagle & Kay, 1987), and has a

small, but distinct, capitular tail. There is a deep pit for the

head of the radius proximal to the capitulum, a feature

characteristic of primates using flexed elbow postures.

Between the capitulum and the lateral trochlea, there is a

shallow but wide zona conoidea on the anterior surface

that disappears distally. The trochlea of Homunculus is

more conical than cylindrical, with a distinct medial lip (Figs.

8.2, 9) (Rose, 1993). A very prominent medial lip is found in

catarrhine terrestrial quadrupeds; a distinct medial lip as

seen in Homunculus, is found in many arboreal quadrupedal

platyrrhines such as Aotus, Callicebus, Cebus, Cacajao and

Chiropotes (Fig. 9) The anteromedial edge of the trochlea is

relatively “squared off” proximally, which is unlike the more

rounded proximal border of the specialized suspensory

atelids. On the anterior surface of the shaft proximal to

the trochlea (Fig. 8.2) there is no “clinging facet” (Fleagle &

Meldrum, 1988), as is found in species that regularly adopt

a specialized flexed-elbow clinging posture such as Pithecia,

Callithrix, and many strepsirrhines. 

On the dorsal surface of the distal humerus, the olecra-

non fossa (Fig. 8.1) is shallow and somewhat proximodis-

tally compressed, so that it is much broader than tall. There

is no evidence of extensive buttressing of the capitulum as

in many terrestrial quadrupeds and most cercopithecines

(e.g., Bown et al., 1982; Fleagle & Simons, 1982, 1995). The

depth of the capitulum is intermediate between that of

clinging species and that of terrestrial quadrupedal cercop-

ithecines and cebines; overall it resembles many arboreal

quadrupeds (compare capitulum depth/anterior articular

width in Tab. 4). Like other platyrrhines and many early an-

thropoids, the posterior surface of the medial epicondyle is

marked by a prominent dorsal epitrochlear fossa (Fig. 8.1)

(Conroy, 1976) 

In most respects, the distal articular region of MPM PV

3500 is most similar to that of arboreal quadrupeds such

as Aotus, Callicebus, and Cebus (Fig. 9), and the Miocene

pitheciine, Cebupithecia (Fig. 7). The main differences

between MPM PV 3500 and these taxa are in the relative

breadth and robustness of the shaft and individual features.

The humeri of Homunculus and Cebupithecia are similar in

reconstructed length, but all of the structures including the

robusticity of the humeral shaft, deltopectoral crest, deltoid

plane, deltotriceps crest, brachioradialis flange, medial

epicondyle, capitulum, and trochlea are larger and more

prominent in MPM PV 3500 (compare Fig. 7.8 and 7.9).

There are also many similarities in the distal articular region
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Figure 8. MPM PV 3500 in three views of distal part of right humerus.
1, posterior; 2, anterior; 3, distal. Anatomical structures mentioned in
the text are labeled. Features of note are the entepicondylar foramen,
strong medial epicondyle, sharp and proximally elongate supinator
crest, broad brachialis flange, and the trochlea showing a shallow
zona conoidea with its medial edge “squared off”. Scale as in Figure 2.4.
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of Homunculus to that of the Caribbean taxon Insulacebus

toussaintiana (Tallman & Cooke, 2016). Insulacebus has a

more cylindrical trochlea, a wide zona conoidea, a small

capitular tail and a medially projecting medial epicondyle,

but it lacks an entepicondylar foramen and the trochlea is

not as wide medial-laterally.

Although MPM PV 3500 was not found in association

with any other limb elements, its preserved parts are

virtually identical in both morphology and size with the

distal portion of a humerus found by Carlos Ameghino at the

same locality in 1892. That specimen was associated with

several other skeletal elements, including a complete right

radius, part of the shaft of an ulna, and a complete femur.

We can thus use the limb elements of the Ameghino

specimens to estimate a humero-femoral index and a

brachial index (Tab. 5), with the caveat that the total length

of MPM PV 3500 is an estimation because the most

proximal portion of the bone is missing. We estimate the

humero-femoral index of Homunculus to be comparable to

values for arboreal quadrupeds among many clades of

Figure 9. Anterior, posterior and distal views of the humeri of Homunculus and eight genera of extant platyrrhines (images not to same scale).
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TABLE 5. Limb indices for selected extant and extinct primates.

Species Suborder Family
Sample 

size 
Humero-femoral 

Index
Brachial 

Index

X SD Range X SD

Apidium phiomense (est) Anthropoidea Parapithecidae 62

Proteopithecus sylviae Anthropoidea Parapithecidae 73

Cercopithecus mitis Catarrhini Cercopithecidae 80

Cercopithecus sabaeus Catarrhini Cercopithecidae 5 82 79–89

Erythrocebus patas Catarrhini Cercopithecidae 91

Macaca fascicularis Catarrhini Cercopithecidae 6 86 82–89

Macaca nemestrina Catarrhini Cercopithecidae 92

Miopithecus talapoin Catarrhini Cercopithecidae 8 85.2 1.2 99.5 1.4

Papio anubis Catarrhini Cercopithecidae 11 90.1 2 104.9 2.5

Nasalis larvatus Catarrhini Colobidae 6 87.3 1.9 104.8 2.3

Presbytis entellus Catarrhini Colobidae 2 70 70–71

Procolobus verus Catarrhini Colobidae 3 81.5 92.2

Hylobates lar Catarrhini Hylobatidae 30 115 2.7 110.8 2.6

Symphalangus syndactylus Catarrhini Hylobatidae 17 128.5 4.1 110 2.8

Gorilla gorilla Catarrhini Hominidae 21 117.2 2.9 80.4 2.4

Pan paniscus Catarrhini Hominidae 10 97.6 2 91.6 1.2

Aegyptopithecus zeuxis (est) Catarrhini Propliopithecidae 94

Alouatta seniculus Platyrrhini Atelidae 8 94.5 1.3 88.5 1.4

Ateles belzebuth Platyrrhini Atelidae 2 100.6 0.8 101.6 0.9

Ateles geoffroyi Platyrrhini Atelidae 3 98.2 1.2 102.5 2.5

Brachyteles arachnoides Platyrrhini Atelidae 1 106.6

Lagothrix lagothricha Platyrrhini Atelidae 8 99.8 1.7 89.9 2.3

Aotus azare Platyrrhini Cebidae 6 76.1 1.4 89.7 1.5

Callimico goeldii Platyrrhini Cebidae 1 73.2 90

Callithrix jacchus Platyrrhini Cebidae 4 79.7 1.2 87 0.9

Cebuella pygmaea Platyrrhini Cebidae 13 88.6 1.6 90.6 1.8

Sapajus apella Platyrrhini Cebidae 8 80.6 1.3 93 1.6

Cebus capucinus Platyrrhini Cebidae 3 82 3 81–83

Cebus olivaceous Platyrrhini Cebidae 5 81.9 1.3 95.4 3

Leontopithecus rosalia Platyrrhini Cebidae 10 89.2 1.4 99.9 3.8

Saguinus midas Platyrrhini Cebidae 5 79.1 1.7 88.8 1.4

Saguinus mystax Platyrrhini Cebidae 4 80.7 1.53 90.9 1.3

Saimiri sciureus Platyrrhini Cebidae 9 82.4 1.7 94.2 1.5

Saimiri boliviensis Platyrrhini Cebidae 8 83.3 1.3 92 1.5
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extant primates including platyrrhines (Tab. 5). This index

value is higher than in leaping species and lower than in

suspensory or terrestrial anthropoids. However, the brachial

index is relatively high for a quadrupedal platyrrhine, except

for Leontopithecus. It is slightly higher than that of Cebus and

Saimiri and comparable to the suspensory Ateles, but the

bones of Homunculus are much more robust.

Kay (2015) undertook a phylogenetic analysis of living

and extinct Platyrrhini using dental, cranial and postcranial

characters. MPM PV 3500 preserves a number of charac-

ters incorporated in his matrix (Kay, 2015 supplemental

documents). A list of these characters and their corre-

sponding character states is presented in Supplementary

Online Information 2.

Body size

All three body mass predictive equation parameters and

associated reliability data are reported in Figure 10 and

Tables 1 and 2. Body mass estimates from the distal

articular surfaces of MPM PV 3500 range between 2275–

2561 g (Tab. 3). These estimates are close to those derived

from the Zurich cast and to estimates from cranial and

dental dimensions (Kay et al., 2012). The size of Homunculus

patagonicus predicted by this specimen is most comparable

to that of an average female of the cebine Cebus, or the

pitheciid Chiropotes, amongst extant platyrrhines (Smith &

Jungers, 1997).

TABLE 5. Continuation.

Species Suborder Family
Sample 

size 
Humero-femoral 

Index
Brachial 

Index

X SD Range X SD

Homunculus patagonicus Platyrrhini Homunculidae 1 83.6 100

Cacajao calvus Platyrrhini Pitheciidae 1 104.7 72.9

Plecturocebus moloch Platyrrhini Pitheciidae 6 79.2 1 82.2 1.5

Chiropotes satanas Platyrrhini Pitheciidae 2 81.7 0.2 82.6 2

Pithecia irrorata Platyrrhini Pitheciidae 1 81 90

Pithecia monachus Platyrrhini Pitheciidae 2 78.6 1.3 83.9 0.2

Pithecia pithecia Platyrrhini Pitheciidae 1 75.4 87.1

Notharctus osborni Strepsirrhini Adapiformes 58

Cheirogaleus major Strepsirrhini Cheirogaleidae 10 72.9 2 97 2.9

Microcebus rufus Strepsirrhini Cheirogaleidae 6 72.5 0.9 118.7 1.9

Galagoides demidoff Strepsirrhini Galagidae 18 66.1 2 114.2 3.6

Otolemur crassicaudatus Strepsirrhini Galagidae 11 65.8 1.6 105 2.8

Otolemur garnetti Strepsirrhini Galagidae 64.1

Avahi laniger Strepsirrhini Indriidae 16 48.8 1.5 120.7 2.5

Indri indri Strepsirrhini indriidae 16 54.4 1.7 122.9 4.2

Hapalemur griseus Strepsirrhini Lemuridae 20 60.7 3 110.4 3.4

Varecia variegata Strepsirrhini Lemuridae 17 70.6 1.9 96.9 1.8

Arctocebus calabarensis Strepsirrhini Lorisidae 21 84.2 2.1 102.2 3.3

Perodicticus potto Strepsirrhini Lorisidae 20 85.6 3.7 100.4 3.7

Shoshonius cooperi Haplorhini Omomyiforms 64.6
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DISCUSSION

The humeral morphology of Homunculus patagonicus

most closely resembles that of arboreal quadrupedal pri-

mates. It lacks particular features of the humerus charac-

teristic of forelimb suspension with full elbow extension,

specialized clinging, or terrestrial quadrupedalism (Bown et

al., 1982; Fleagle, 2013).  

Combining MPM PV 3500 with limb elements of the

Ameghino specimens gives an estimate of limb-length

indices. The humero-femoral index of Homunculus is similar to

that of arboreal quadrupeds, higher than in leaping species

and lower than in suspensory or terrestrial anthropoids. The

brachial index is relatively high for a quadrupedal

platyrrhine, except for Leontopithecus and is slightly higher

than that of Cebus and Saimiri.

The distal articulation is more similar to that of extant

platyrrhines, especially arboreal quadrupeds such as Callicebus

and Cebus, than to any other group of extant primates,

although Callicebus notably lacks the entepicondylar

foramen, which is present in the fossil.  The distal articular

surfaces of MPM PV 3500 and Cebupithecia sarmientoi

from the late middle Miocene (13.1–12.6 Ma) of the Honda

Group of Columbia are very similar (Fig. 2), but the humeral

shafts are quite different. Compared with the relatively

robust humerus of Homunculus, the humerus of Cebupithecia

resembles that of extant platyrrhines in having a slender

rounded shaft with a distinct, but much less developed

deltoid plane, no distinct attachment for m. teres major,

and a narrower brachioradialis flange. The Cebupithecia

specimen also has a more mediolaterally compressed

conical trochlea with a stronger medial lip, more similar to

extant pitheciines (not including Pithecia pithecia).  

Thus, although some details of humeral morphology

are similar to those of some living and fossil platyrrhines,

the relative prominence of crests and breadth of both the

shaft and the entire distal end are more reminiscent of

some strepsirrhines or primitive anthropoids such as

Aegyptopithecus and Apidium from the Oligocene of Egypt. 

One possibility is that the relative breadth of the

structures on MPM PV 3500 is an artifact of crushing, since

the humerus has many small cracks throughout the length

of the shaft. However, all of the cracks are very thin and line

up perfectly suggesting no substantial distortion (Fig. 6).

Moreover, most of the cross-section retains its rounded

shape. Another potential source of error is that more of the

proximal end of the bone is missing than we suppose, so

the maximum length has been underestimated. If the total

length of the humerus were actually 30–40% longer, it

would appear much less robust.  This seems most unlikely

because a substantially greater estimated length would

have the deltoid tuberosity and the crest for m. teres major

extending very far distally along the shaft. Moreover, other

complete limb bones attributed to Homunculus from the

same site are also relatively robust compared with those

of either extant or fossil platyrrhines. 

The relatively robust and basal anthropoid-like structure
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Figure 10. Bivariate plots of the natural logarithm of distal articular
surface areas (outlined in Figure 5) in square millimeters versus
natural logarithm body mass in grams. Sample consist of 42 data
points representing the extant platyrrhine primates from 35 species
averaged to single data points based on species, sex, and dimorphism
(averaged to single data point if dimorphism is <20%). 1, body mass vs.
trochlear area; 2, body mass vs. capitular area; 3, body mass vs. sum
of trochlear and capitular areas; 4, Scout diagram of the articular sur-
faces. MPM PV 3500 is fitted to each least-squares line of best fit.
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of the humerus of Homunculus has potential implications

for our understanding of the phylogeny of this taxon.

Postcranial remains of fossil platyrrhines are relatively rare,

but the few that have been described to date have generally

been found to lie within the morphological space defined by

extant platyrrhines (Gebo & Simons, 1987; Meldrum & Kay,

1990; Meldrum et al., 1990; Meldrum, 1993; but see

MacPhee & Meldrum, 2006). A notable exception is the

femur of Homunculus discovered by Carlos Ameghino at

Corriguen Aike. Like the humerus described here, the

Homunculus femur is relatively robust and characterized

by more prominent development of articular structures

and muscle attachments, including a very large lesser

trochanter, a distinct third trochanter, and deep rather than

broad distal condyles (Kay et al., 2012). These features are

rare among either extant platyrrhines or anthropoids as a

clade, except that they are commonly found among the

anthropoids from the Eocene and Oligocene of Africa. The

primitive morphology of the humerus and femur of

Homunculus accords with analyses of the dental and cranial

remains suggesting that Homunculus, and perhaps many

other early Miocene fossil monkeys of Patagonia, lie at the

base, or outside the clade of extant platyrrhines (Kay et al.,

2008; Kay & Fleagle, 2010; Kay, 2015). 

The growing assemblages of fossils described from the

Greater Antilles provide several other examples of skeletal

morphology that does not easily fit into the bounds of the

modern platyrrhine morphological space. Combinations of

robust, primitive, and uniquely derived morphology have

been documented throughout the Greater Antilles (Cooke

et al., 2016; Tallman & Cooke, 2016). As described above,

the proximal humerus morphology of the deltoid plane

resembles the Haitian taxa, Antillothrix and Insulacebus.

Additionally, the distal articular regions contain several

similarities to Insulacebus, although the lack of an

entepicondylar foramen in the island taxon makes this

comparison imperfect. Finally, the uniquely short and

robust proportions of the humerus are unmatched by any

platyrrhine in our sample, with the possible exception of

Xenothrix mcgregori. A true comparison is difficult as

Homunculus lacks the proximal head, but only the humerus

of Xenothrix comes close to matching the new Homunculus

proportions (MacPhee & Meldrum, 2006). The potential

for an early Miocene origin of the Caribbean radiation

(MacPhee et al., 2003), with evidence of some degree of

morphological continuity with stem platyrrhine Patagonian

taxa (Rosenberger et al., 2011) together highlight a fruitful

avenue for future research between these two temporally

and geographically separated groups. It is notable that other

groups of Caribbean mammals including sloths, have also

been shown to closely resemble Miocene Patagonian taxa. 

CONCLUSIONS

A nearly complete right humerus (MPM PV 3500), miss-

ing only the proximal articulation, attributed to the fossil

platyrrhine species Homunculus patagonicus has been re-

covered from the later early Miocene site of Puesto Estancia

La Costa (formerly Corriguen Aike). The distal articular sur-

face is virtually identical to one recovered more than 125

years ago by Carlos Ameghino at the same locality. The

humerus provides new information about the middle parts

of the bone and also permits calculations of humeral ro-

bustness and limb proportions. The humerus of Homunculus

is more robust than the humeri of any extant platyrrhines

and has more prominent muscle attachments, and more

closely resembles the humeri of many extant strepsirrhines

and early anthropoids, reinforcing the hypothesis that

Homunculus is more likely a stem platyrrhine (Kay et al.,

2008; Kay et al., 2012; Perry et al., 2014) than a member of

the Pitheciidae (Perez et al., 2013; Rosenberger & Tejedor,

2013; Tejedor, 2013). The morphology of the distal articula-

tion and the humero-femoral index suggest that Homunculus

was an arboreal quadruped.

ACKNOWLEDGMENTS
The specimen was collected as part of a joint field expedition by the
Museo da la Plata (La Plata Argentina), and Duke University
(Durham, NC USA) under the direction of S. F. Vizcaíno and M. S.
Bargo. We thank the Battini family for their hospitality at Ea. La
Costa during the field work. We thank the staff of the Museo
Regional Provincial “Padre Manuel Jesus Molina” (Río Gallegos,
Argentina), the Museo Argentino de Ciencias Naturales “Bernardino
Rivadavia” (Buenos Aires), and the Museo de La Plata for scientific
and technical assistance and for allowing us to study specimens in
their care. Special thanks to M. Colbert and the staff of the
University of Texas (Austin) Micro-CT Facility for making the scans
of Homunculus. Thanks also to D. Boyer, A. Rosenberger, R. MacPhee,
S. Cooke, L. Tallman, and L. Halenar for access to specimens. This
work was performed in part at the Duke University Shared Materials
Instrumentation Facility (SMIF), a member of the North Carolina
Research Triangle Nanotechnology Network (RTNN), which is
supported by the National Science Foundation (award number
ECCS-2025064) as part of the National Nanotechnology
Coordinated Infrastructure (NNCI). The field project was funded by

FLEAGLE ET AL.: HOMUNCULUS HUMERUS FROM SANTA CRUZ FORMATION 

 93

Downloaded From: https://bioone.org/journals/Ameghiniana on 12 Jan 2022
Terms of Use: https://bioone.org/terms-of-use	Access provided by Duke University



AMEGHINIANA - 2022 - Volume 59 (1): 78–96

 94

PICT 26219 and 0143 and CONTCET PIP 1054, UNLPN 647 to S. F.
Vizcaíno; NSF grants 0851272 and National Geographic grants to R.
F. Kay and S. F. Vizcaíno; and Midwestern University funds to JMG
Perry.

REFERENCES
Ameghino, F. (1891). Nuevos restos de mamíferos fósiles

descubiertos por Carlos Ameghino en el Eoceno inferior de la
Patagonia austral. Especies nuevas, adiciones y correcciones.
Revista Argentina de Historia Natural, 1, 289–328. 

Ameghino, F. (1893). Nouvelles découvertes paléontologiques dans
la Patagonie australe. Revue Scientifique (Paris), 51(23), 731. 

Anapol, F., & Fleagle, J. G. (1988). Fossil platyrrhine forelimb bones
from the early Miocene of Argentina. American Journal of Physical
Anthropology, 76, 417–428. 

Bluntschli, H. (1931). Homunculus patagonicus und die ihmzugereihten
Fossilfunde aus den Santa-Cruz-Schichten Patagoniens. Gegenbaurs
Morphologisches Jahrbuch, 67, 811–892. 

Bown, T. M., Kraus, M., Wing, S., Fleagle, J. G., Tiffany, B., Simons, E. L.,
& Vondra, C. (1982). The Fayum primate forest revisited. Journal
of Human Evolution, 11, 624–648. 

Cartelle, C., & Hartwig, W. C. (1996). A new extinct primate among
the Pleistocene megafauna of Bahia, Brazil. Proceedings of the
National Academy of Sciences, USA, 93, 6405–6409. 

Ciochon, R. L. (1993). Evolution of the cercopithecoid forelimb:
Phylogenetic and functional implications from morphometric
analyses. University of California Publication in Geological Sciences,
138, 1–251. 

Conroy, G. C. (1976). Primate Postcranial Remains from the Oligocene
of Egypt. Contributions to Primatology (Vol. 8). S. Karger. 

Cooke, S. B., Gladman, J. T., Halenar, L. B., Klukkert, Z. S., & Rosen-
berger, A. L. (2016). The Paleobiology of the recently-extinct
platyrrhines of Brazil and the Caribbean. In M. Ruiz-Garcia & J. M.
Shostell (Eds.), Phylogeny, Molecular Population Genetics, Evolu-
tionary Biology and Conservation of the Neotropical Primates (pp.
41-90). Nova Science Publishers. 

Cooke, S. B., Rosenberger, A. L., & Turvey, S. (2011). An extinct
monkey from Haiti and the origins of the Greater Antillean
primates. Proceedings of the National Academy of Sciences, 108(7),
2699–2704. 

Copes, L. E., Lucas, L. M., Thostenson, J. O., Hoekstra, H. E., & Boyer,
D. M. (2016). A collection of non-human primate computed
tomography scans housed in MorphoSource, a repository for 3D
data. Scientific Data, 3, 1–8. 

Cuitiño, J. I., Fernicola, J. C., Kohn, M., Naipauer, M., Bargo, M. S., Kay,
R. F., & Vizcaíno, S. F. (2016). U-Pb geochronology of the Santa
Cruz Formation at the Santa Cruz and Bote rivers (southernmost
Patagonia, Argentina) and its implications for the fossil verte-
brate communities. Journal of South American Earth Sciences, 70,
198–210. 

Dagosto, M. (1990). Models for the origin of the anthropoid
postcranium. Journal of Human Evolution, 19, 121–139. 

Dagosto, M., & Gebo, D. L. (1994). Postcranial anatomy and the origin
of the Anthropoidea. In J. G. Fleagle & R. F. Kay (Eds.), Anthropoid
Origins: The Fossil Evidence (pp. 567–594). Plenum Press. 

Dagosto, M., & Schmid, P. (1996). Proximal femoral anatomy of
omomyiform primates. Journal of Human Evolution, 30, 29–56. 

Evans, F. G., & Krahl, V. E. (1945). The torsion of the humerus: A
phylogenetic survey from fish to man. American Journal of Anatomy,
76(3), 303–337. https://doi.org/10.1002/aja.1000760303 

Fleagle, J. G. (2013). Primate Adaptation and Evolution. Academic
Press. 

Fleagle, J. G., & Kay, R. F. (1983). New interpretations of the phyletic
position of Oligocene hominoids. In R. L. Ciochon & R. S. Corruccini
(Eds.), New Interpretations of Ape and Human Ancestry (pp. 181–
210). Plenum Press. 

Fleagle, J. G., & Kay, R. F. (1987). The phyletic position of the
Parapithecidae. Journal of Human Evolution, 16, 483–532. 

Fleagle, J. G., & Meldrum, D. J. (1988). Locomotor behavior and skeletal
morphology of two sympatric pitheciine monkeys, Pithecia
pithecia and Chiropotes satanas. American Journal of Primatology,
16, 227–249. 

Fleagle, J. G., Perkins, M. E., Heizler, M. T., Nash, B., Bown, T. M.,
Tauber, A. A., Dozo, M. T., & Tejedor, M. F. (2012). Absolute and
relative ages of fossil localities in the Santa Cruz and Pinturas
Formations. In S. F. Vizcaíno, R. F. Kay & M. S. Bargo (Eds.), Early
Miocene Paleobiology in Patagonia: High-Latitude Paleocommunities
of the Santa Cruz Formation (pp. 41–58). Cambridge University
Press. 

Fleagle, J. G., & Simons, E. L. (1978). Humeral morphology of the
early apes. Nature, 276, 705–707. 

Fleagle, J. G., & Simons, E. L. (1979). Anatomy of the bony pelvis in
parapithecid primates. Folia Primatologica, 31, 176–186. 

Fleagle, J. G., & Simons, E. L. (1982). The humerus of Aegyptopithecus
zeuxis: a primitive anthropoid. American Journal of Physical
Anthropology, 59, 175–193. 

Fleagle, J. G., & Simons, E. L. (1995). Limb skeleton and locomotor
adaptations of Apidium phiomense, an Oligocene anthropoid
from Egypt. American Journal of Physical Anthropology, 97, 235–
289. 

Fleagle, J. G., & Tejedor, M. F. (2002). Early platyrrhines of southern
South America. In W. C. Hartwig (Ed.), The Primate Fossil Record
(pp. 161–173). Cambridge University Press. 

Ford, S. M. (1980). A systematic revision of the Platyrrhini based on
features of the postcranium (Ph. D. Dissertation, University of
Pittsburgh,  Pittsburgh, PA). 

Ford, S. M. (1986). Systematics of the New World Monkeys. In D. R.
Swindler & J. Erwin (Eds.), Comparative Primate Biology, VoIume I,
Systematics, Evolution, and Anatomy (pp. 73–135). Alan R. Liss. 

Ford, S. M. (1988). Postcranial adaptations of the earliest platyrrhine.
Journal of Human Evolution, 17, 155–192. 

Ford, S. M. (1994). Primitive platyrrhines?  Perspectives on anthropoid
origins from platyrrhine, parapithecid, and preanthropoid post-
crania. In J. G. Fleagle & R. F. Kay (Eds.), Anthropoid Origins: The
Fossil Evidence (pp. 595–676). Plenum Press. 

Garber, P. A. (1992). Vertical clinging, small body size, and the
evolution of feeding adaptations in the Callitrichinae. American
Journal of Physical Anthropology, 88, 469–482. 

Gebo, D., & Simons, E. L. (1987). Morphology and locomotor
adaptations of the foot in early Oligocene anthropoids. American
Journal of Physical Anthropology, 74, 83–101. 

Gebo, D. L., Dagosto, M., Beard, K. C., Tao, Q., & Wang, J. (2000). The
oldest known anthropoid postcranial fossils and the early evo-
lution of higher primates. Nature, 404, 276–278. 

Downloaded From: https://bioone.org/journals/Ameghiniana on 12 Jan 2022
Terms of Use: https://bioone.org/terms-of-use	Access provided by Duke University



FLEAGLE ET AL.: HOMUNCULUS HUMERUS FROM SANTA CRUZ FORMATION 

 95

Gebo, D., & Simons, E. L. (1987). Morphology and locomotor
adaptations of the foot in early Oligocene anthropoids. American
Journal of Physical Anthropology, 74, 83–101.

Halenar, L. B. (2011). Reconstructing the locomotor repertoire of
Protopithecus brasiliensis. II. Forelimb morphology. The Anatomical
Record, 294, 2048–2063. 

Halenar, L. B., & Rosenberger, A. L. (2013). A closer look at the
“Protopithecus” fossil assemblages: new genus and species from
Bahia, Brazil. Journal of Human Evolution, 65, 374–390. 

Harrison, T. (1987). The phylogenetic relationships of the early
catarrhine primates: a review of the current evidence. Journal of
Human Evolution, 16(1), 41–80. https://doi.org/http://dx.doi.org/
10.1016/0047-2484(87)90060-1 

Hartwig, W. C., & Cartelle, C. (1996). A complete skeleton of the giant
South American primate Protopithecus. Nature, 381, 307–311. 

Hartwig, W. C., & Meldrum, D. J. (2002). Miocene platyrrhines of the
northern Neotropics. In W. C. Hartwig (Ed.), The Primate Fossil
Record (pp. 175–188). Cambridge University Press. 

Hatcher, J. (1903). Reports of the Princeton University expeditions to
Patagonia, 1896–1899. Vol. I: Narrative of the Expeditions.
Geography of Southern Patagonia. Princeton University. 

Horovitz, I. (1999). A phylogenetic study of living and fossil
platyrrhines. American Museum Novitates. New York NY,3269, 1–40. 

Hunt, K. D. (2016). Why are there apes? Evidence for the co‐evolu-
tion of ape and monkey comorphology. Journal of Anatomy,
228(4), 630–685. 

Kay, R. F. (2015). Biogeography in deep time—What do phyloge-
netics, geology, and paleoclimate tell us about early platyrrhine
evolution? Molecular Phylogenetics and Evolution, 82, 358–374.
https://doi.org/http://dx.doi.org/10.1016/j.ympev.2013.12.002 

Kay, R. F., & Fleagle, J. G. (2010). Stem taxa, homoplasy, long
lineages and the phylogenetic position of Dolichocebus. Journal
of Human Evolution, 59, 218–222. 

Kay, R. F., Fleagle, J. G., Mitchell, T. R. T., Colbert, M. W., Bown, T. M.,
& Powers, D. W. (2008). The anatomy of Dolichocebus
gaimanensis, a primitive platyrrhine monkey from Argentina.
Journal of Human Evolution, 54, 323–382. 

Kay, R. F., Perry, J. M. G., Malinzak, M. D., Allen, K. L., Kirk, E. C.,
Plavcan, J. M., & Fleagle, J. G. (2012). The paleobiology of
Santacrucian primates. In S. Vizcaíno, R. F. Kay & M. Bargo
(Eds.), Early Miocene Paleobiology in Patagonia: High-latitude
paleocommunities of the Santa Cruz Formation (pp. 306–330).
Cambridge University Press. 

Kay, R. F., Ross, C. F., & Williams, B. A. (1997). Anthropoid origins.
Science, 275, 797–804. 

Kay, R. F., Vizcaíno, S. F., Bargo, M. S., Spradley, J. P., & Cuitiño, J. I.
(2021). Paleoenvironments and Paleoecology of the Santa Cruz
Formation (Early–Middle Miocene) along the Río Santa Cruz,
Patagonia, Argentina. Journal of South American Earth Sciences.
https://doi.org/10.1016/j.jsames.2021.103296 

Lieberman, D. E., Devlin, M. J., & Pearson, O. M. (2001). Articular area
responses to mechanical loading: effects of exercise, age, and
skeletal location. American Journal of Physical Anthropology, 116,
266–277. 

MacPhee, R. D. E., Horovitz, I., Arredondo, O., & Jiménez Vázquez, O.
(1995). A new genus for the extinct Hispaniolan monkey Saimiri
bernensis Rímoli, 1977, with notes on its systematic position.

American Museum Novitates. New York NY, 3134, 1–21. 

MacPhee, R. D. E., Iturralde-Vinent, M. A., & Gaffney, E. S. (2003).
Domo de Zaza, an Early Miocene vertebrate locality in south-
central Cuba, with notes on the tectonic evolution of Puerto Rico
and the Mona Passage. American Museum Novitates (3394), 1–42. 

MacPhee, R. D., McFarlane, D. A., Arredondo, O., & Jimenez Vasquez,
O. (1994). West Indian Monkeys: new Fossils and Interpre-
tations. American Journal of Physical Anthropology, 37 Supplement
S18, 133.

MacPhee, R. D. E., & Meldrum, D. J. (2006). Postcranial Remains of
the Extinct Monkeys of the Greater Antilles, with Evidence for
Semiterrestriality in Paralouatta. American Museum Novitates,
3516, 1–37. 

Marshall, L. G. (1976). Fossil localities for Santacrucian (early
Miocene) mammals, Santa Cruz Province, southern Patagonia,
Argentina. Journal of Paleontology, 50, 1129–1142. 

Meldrum, D. J. (1993). Postcranial adaptations and positional
behavior in fossil platyrrhines. In D. L. Gebo (Ed.), Postcranial
Adaptations in Nonhuman Primates (pp. 235–251). Northern
Illinois University Press. 

Meldrum, D. J., Fleagle, J. G., & Kay, R. F. (1990). Partial humeri of
two Miocene Colombian primates. American Journal of Physical
Anthropology, 81, 413–422. 

Meldrum, D. J., & Kay, R. F. (1990). A new partial skeleton of
Cebupithecia sarmientoi from the Miocene of Colombia. American
Journal of Physical Anthropology, 81, 267. 

Meldrum, D. J., & Kay, R. F. (1997). The postcranial skeleton of
Miocene platyrrhine primates. In R. F. Kay, R. H. Madden, R. L.
Cifelli & J. J. Flynn (Eds.), Vertebrate Paleontology in the Neotropics
(pp. 459–472). Smithsonian Institution Press. 

Meldrum, D. J., & Lemelin, P. (1991). Axial skeleton of Cebupithecia
sarmientoi (Pitheciinae, Platyrrhini) from the middle Miocene of
La Venta, Colombia. American Journal of Primatology, 25, 69–90. 

Napier, J., & Davis, P. R. (1959). The forelimb skeleton and associated
remains of Proconsul africanus (Vol. 16). British Museum (Natural
History). 

Perez, S. I., Tejedor, M. F., Novo, N. M., & Aristide, L. (2013).
Divergence Times and the Evolutionary Radiation of New
World Monkeys (Platyrrhini, Primates): An Analysis of Fossil and
Molecular Data. PLoS ONE, 8(6), Article e68029. https://doi.org/
10.1371/journal.pone.0068029 

Perkins, M. E., Fleagle, J. G., Heizler, M. T., Nash, B., Bown, T. M.,
Tauber, A. A., & Dozo, M. T. (2012). Tephrochronology of the
Miocene Santa Cruz and Pinturas Formations, Argentina. In S.
F. Vizcaíno, R. F. Kay & M. S. Bargo (Eds.), Early Miocene
Paleobiology in Patagonia: High-Latitude Paleocommunities of the
Santa Cruz Formation (pp. 23–40). Cambridge University Press. 

Perry, J. G. M., Kay, R. F., Vizcaíno, S., & Bargo, M. (2014). Oldest
known cranium of a juvenile New World monkey (Early Miocene,
Patagonia, Argentina): implications for the taxonomy, and the
molar eruption pattern of early platyrrhines. Journal of Human
Evolution, 74, 67–81. 

Porter, L. M., & Garber, P. A. (2004). Goeldi’s monkeys: a primate
paradox? Evolutionary Anthropology, 13, 104–115. 

Rivero, M., & Arredondo, O. (1991). Paralouatta varonai, a new
Quaternary platyrrhine from Cuba. Journal of Human Evolution,
21, 1–12. 

Downloaded From: https://bioone.org/journals/Ameghiniana on 12 Jan 2022
Terms of Use: https://bioone.org/terms-of-use	Access provided by Duke University



AMEGHINIANA - 2022 - Volume 59 (1): 78–96

 96

Rose, M. D. (1993). Functional anatomy of the elbow and forearm
in primates. In D. Gebo (Ed.), Postcranial Adaptation in Nonhuman
Primates (pp. 70-95). Northern Illinois University Press. 

Rosenberger, A. L., Cooke, S. B., Rímoli, R., Ni, X., & Cardoso, L.
(2011). First skull of Antillothrix bernensis, an extinct relict
monkey from the Dominican Republic. Proceedings of the Royal
Society, B, Biological Sciences, 278, 67–74. https://doi.org/doi:
10.1098/rspb.2010.1249 

Rosenberger, A. L., Pickering, R., Green, H., Cooke, S. B., Tallman, M.,
Morrow, A., & Rímoli, R. (2015). 1.32±0.11 Ma age for underwa-
ter remains constrain antiquity and longevity of the Dominican
primate Antillothrix bernensis. Journal of Human Evolution, 88,
85–96. 

Rosenberger, A. L., & Tejedor, M. F. (2013). The misbegotten: long
lineages, long branches and the interrelationships of Aotus,
Callicebus and the Saki-Uacaris. In L. M. Veiga, A. A. Barnett, S. F.
Ferrari & M. A. Norconk (Eds.), Evolutionary Biology and Conser-
vation of Titis, Sakis and Uacaris. Cambridge University Press. 

Ross, C., Williams, B. A., & Kay, R. F. (1998). Phylogenetic analysis
of anthropoid relationships. Journal of Human Evolution, 35, 221–
306. 

Seiffert, E. R., & Simons, E. L. (2001). Astragular morphology of late
Eocene anthropoids from the Fayum Depression (Egypt) and the
origin of catarrhine primates. Journal of Human Evolution, 41,
577–606. 

Seiffert, E. R., Simons, E. L., & Fleagle, J. G. (2000). Anthropoid humeri
from the late Eocene of Egypt. Proceedings of the National Academy
of Sciences, USA, 97, 10062–10067. 

Simons, E. L., & Seiffert, E. R. (1999). A partial skeleton of
Proteopithecus sylviae (Primates Anthropoidea): first associated
dental and postcranial remains of an Eocene anthropoidean.
Comptes Rendu de l’Académie des Sciences, Paris, 329, 921–927. 

Smith, R. J. (1993). Bias in equations used to estimate fossil primate
body mass. Journal of Human Evolution, 25, 31–41. 

Smith, R. J., & Jungers, W. L. (1997). Body mass in comparative
primatology. Journal of Human Evolution, 32, 523–559. 

Stirton, R. A. (1951). Ceboid monkeys from the Miocene of Colombia.
University of California Publications in Geological Sciences, 20,
315–356. 

Stirton, R. A., & Savage, D. E. (1951). A new monkey from the La
Venta late Miocene of Colombia. Compilaciones de los Estudios
Geológicos Oficiales en Colombia, Bogotá, 7, 345–346. 

Szalay, F. S., & Dagosto, M. (1980). Locomotor adaptations as
reflected on the humerus of Paleogene Primates. Folia
Primatologica, 34, 1–45. 

Tallman, M., & Cooke, S. B. (2016). New endemic platyrrhine
humerus from Haiti and the evolution of the Greater Antillean
platyrrhines. Journal of Human Evolution, 91, 144–166. 

Tauber, A. A. (1997). Bioestratigtrafía de la Formación Santa Cruz
(Mioceno inferior) en el extremo sudeste de la Patagonia.
Ameghiniana, 34, 413–426. 

Tejedor, M. F. (2013). Sistemática, evolución y paleobiogeografía de
los primates Platyrrhini. Revista del Museo de La Plata, Sección
Zoología, 20, 20–39. 

Tejedor, M. F., & Rosenberger, A. L. (2008). A Neotype for Homunculus
patagonicus Amegnino, 1891, and a new interpretation of the
taxon. PaleoAnthropology, 2008, 67–82. 

Trayler, R. B., Schmitz, M. D., Cuitiño, J. I., Kohn, M. J., Bargo, M. S., Kay,
R. F., Stromberg, C. A. E., & Vizcaíno, S. F. (2020). An Improved
Approach to Age-Modeling in Deep Time: Implications for the
Santa Cruz Formation, Argentina. Bulletin of the Geological Society
of America, 132, 233–244. https://doi.org/10.1130/B35203.1 

Vizcaíno, S. F., De Iuliis, G., Brinkman, P., Kay, R. F., & Brinkman, D. D.
(2017). On an album of photographs recording fossils in the “Old
Collections” of the Museo de la Plata and Ameghino’s private
collection at the beginning of the XXth Century. Publicación Elec-
trónica de la Asociación Paleontológica Argentina, 17(1), 14–23.

Vizcaíno, S., Kay, R., & Bargo, M. (2012a). Background for a paleoe-
cological study of the Santa Cruz Formation (late Early Miocene)
on the Atlantic Coast of Patagonia. In S. F. Vizcaíno, R. F. Kay &
M. S. Bargo (Eds.), Early Miocene Paleobiology in Patagonia:
High-latitude paleocommunities of the Santa Cruz Formation (pp.
1–22). Cambridge University Press. 

Vizcaíno, S., Kay, R. F., & Bargo, M. (2012b). Early Miocene
Paleobiology in Patagonia: High-latitude paleocommunities of the
Santa Cruz Formation. Cambridge University Press. 

Walker, S. E. (2005). Leaping Behavior of Pithecia pithecia and
Chiropotes satanas in Eastern Venezuela. American Journal of
Primatology, 66, 369–387. 

Williams, E. E., & Koopman, K. F. (1952). West Indian Fossil Monkeys.
American Museum Novitates, 1546, 1–16. 

Yapuncich, G. S., Gladman, J. T., & Boyer, D. M. (2015). Predicting
euarchontan body mass: A comparison of tarsal and dental
variables. American Journal of Physical Anthropology, 157, 472–
506. 

doi: 10.5710/AMGH.29.09.2021.3447 

Submitted: April 30th, 2021 

Accepted: September 29th, 2021

Published: January 6th, 2022

Downloaded From: https://bioone.org/journals/Ameghiniana on 12 Jan 2022
Terms of Use: https://bioone.org/terms-of-use	Access provided by Duke University


