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Abstract. We describe the morphology of the first complete incisor-canine complex for
Notharctus tenebrosus. Gregory’s classic description, based on heavily reconstructed and frag-
mentary material, needs to be amended to include the following points: I' occludes simulta-
neously with I;_,; 12 is essentially nonocclusal and staggered behind I!; RI! and LI' do not
contact interstitially but are separated by a small median diastema; I' bears a prominent
mesial prong. These five features are distinctly lemuriform in appearance: in general Notharc-
tus is phenetically most similar to the pattern found in some lemurids and indriids. We con-
sider an abstraction of the common plesiadapiform-omomyid anterior dental configuration as
the primitive primate character state and argue that the adapid (sensu lato) morphology is
derived. We further suggest that this predominantly Eocene group is the sister taxon of mod-
ern lemuriforms. The incisor-canine morphology of Adapis and Leptadapis is autopomorphic
and less suggestive of the primitive pretoothcomb strepsirhine dentition than the notharctine
pattern appears to be. While the morphologically simple lower incisors of notharctines are
truly similar to those of anthropoids, the preponderance of anatomical differences within the
incisor-canine complex leads us to conclude that these similarities were convergently evolved
in adapids and the higher primates. The least refuted hypothesis of anthropoid origins, and
the one which appears to make most phene)‘tjc as well as cladistic sense, acknowledges the
monophyly of the Haplorhini and the likelihood that anthropoids are descendants of an early
tarsiiform stock.
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Introduction

The morphology of the adapid anterior
teeth has figured importantly in assessments
of the phylogenetic relationships of this pre-
dominantly Eocene family. Following Leidy’s
[1873] early postulate of a North American
notharctine-platyrrhine ancestor-descendant
sequence, based largely upon similarities of
the molar dentitions of Notharctus and
Alouatta, later workers such as Gregory
[1920] drew special attention to the spatulate
form of notharctine and platyrrhine incisors.
Gregory [1920, 1922] and Gingerich [1975c]
also noted that the anterior teeth of some of
the Furopean adapines somewhat resembled
the tooth-combed lemuroids and lorisoids in
that the lower canine is subcaniniform and
incorporated into a continuous incisor-canine
battery. Le Gros Clark [1959] reemphasized
that the anterior teeth of adapids are more
primitive overall than modern strepsirhines’,
indicating that the former group, sensu lato,
may be the ancestral stock from which the
lemuriform taxa evolved. At the same time
he cautioned that a lack of specializations also
made it possible that notharctines were ances-
tral to platyrrhines [see also Simpson, 1940].
Finally, Gingerich [1975a, 1977, 1980,
1981a; Gingerich and Schoeninger, 1977], in
a series of papers, articulated and developed
these arguments. He concluded that adapids
are the ancestral stock of both the anthro-
poids and lemuriforms, citing, among other
features, a number of characters of the incisor
and canine teeth as evidence for that hypoth-
esis. Others [e.g. Cartmill and Kay, 1978]
have promoted the adapid-anthropoid hy-
pothesis as a possibility, citing their skepti-
cism regarding haplorhine monophyly and
the presence of some dental similarities
shared between them [Kay, 1980].

While the morphology of adapine incisors
and canines is known from a fair number of
specimens, notharctine anterior tecth are
very scarce indeed [for example, see Gregory,
1920; Gingerich, 1979b]. We have recently
prepared a Notharctus specimen recovered
by Jacob Wortman which preserves what ap-
pears to be the only complete incisor-canine
complex now available for the genus. The
purpose of this report 1s to describe the mor-
phology and occlusion of this specimen,
compare it with adapine material and extend
our comparisons to anthropoids, particularly
with reference to higher primate origins. Our
analysis confirms that the incisor-canine
complexes of Notharctus and Adapis differ in
several important respects. Both patterns
contrast with the most common arrangement
found in Anthropoidea and the presumed
ancestral anthropoid condition. We conclude
that neither of the known adapid morpholo-
gies are likely to be ancestral to anthropoid
anatomy but instead represent an indepen-
dently derived system, probably indicative of
the close cladistic ties of adapids and living
strepsirhines.

Materials and Methods

The Yale Peabody Museum (YPM) specimen
12956 (fig. 1) represents Notharctus tenebrosus, a Mid-
dle Eocene species, recovered in 1902 from sediments
near the mouth of Cottonwood Creek, Bridger Basin,
Wyo. It thus presumably derives from the Black’s
Fork Member and Bridger B faunal association [see
Robinson, 1957], now termed middle Bridgerian
(early Middle Eocene). It comprises the partial right
and left premaxillae and maxillac with RI2-LM?3 and a
partial mandible with RP,-LMj3 (the crowns of LP!
and LP, are missing). [t should be pointed out that the
upper and lower teeth, especially the molars, occlude
naturally and are certainly of a single individual. The
sizes of this specimen’s molars and premolars (table I)
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are comparable to those of N. tenebrosus as measured
by Robinson {1957], and the log of the M, area also
fits into the range for that taxon as illustrated by Gin-
gerich [1979b, fig. 3]. YPM 12956 is clearly referable
to Notharctus on the basis of its partially fused sym-
physis, presence of large mesostyles on upper molars,
‘incipient’ twinning of the P4 paracone, protoconid-
directed flexure of the cristid obliqua on M3 and pos-
sibly the faint indication of minimal root twinning on
P,. In this combination of features it is most similar to
N. tenebrosus, to which we refer it here.

Anteriorly, both the mandible and maxillae were
somewhat deformed by lateral crushing and the inci-
sors and canines were displaced. Under our direction,
Mr. Otto Simonis of the Department of Vertebrate
Paleontology, American Museum of Natural History
(DVP/AMNH), repositioned these teeth during clean-
ing and reconstruction of the jaws. The mandible suf-
fered three major breaks, but preserves nearly the
entire planum alveolare, the right corpus and the base
of its ramus. The fractures posterior to LM and LP,
were fairly clean and the pieces aligned well. The third
break, at the level of LPy, resulted in the loss of some
bone and required greater care in restoring the pieces.
Comparisons with more complete adapid specimens
and a refitting based upon occlusal contacts influenced
the final reconstruction. At the symphysis most of the
bone had been eroded away externally but for the
region at RP,_,. The lingual plates of the alveoli for the
incisors and canines were cleaned to allow the reposi-
tioning of these teeth. Corroboration for this recon-
struction was provided by comparisons with Ameri-
can Museum of Natural History Notharctus specimens
that preserved intact symphyses with either roots or
alveoli for the anterior dentition (e.g., AMNH 1707,
5009, 11457, 11475, 12579, 14568, 93618).

While the Yale maxilla does not present the com-
plete palatal surface, premaxillomaxillary and inter-
maxillary sutures provide important information
about the position of the upper incisors relative to
each other and to the canine. The premaxillomaxillary
suture is obliquely oriented and extends from I' to
approximately 3 mm beyond I2. This reconstruction
agrees with that given by Gregory [1920, p. 128,
fig. 35] for AMNH 11466. The left premaxilla pre-
serves the lingual alveolar surfaces for both I!-2 into
which the respective teeth easily fit. While the left pre-
maxilla preserves its palatal surface, the right premax-
illa 1s represented by facial fragments labial and supe-
rior to 12, The latter remains attached to the maxilla

anterior to the C'. The left maxilla presents more
detail than the right, but the latter mirrors it in pre-
serving the maxillary palatal process between the in-
termaxillary suture and the canine alveolus. With the
intermaxillary suture restored and the cheek teeth in
occlusion, the left premaxilla was aligned and attached
to the maxilla. Irreparable distortion prevented the
correct transverse alignment of the upper canine, so
that its reconstructed position and orientation was
based on reciprocating wear facets and should be con-
sidered tentative; it is surely too far lateral (compare
fig. | and 2). While we are not certain that the rest of
the dentition is now ‘true to life’, this reconstruction
seems reasonably accurate, although it differs signifi-
cantly from that given by Gregory [1920, p. 1231],
which was based upon more fragmentary material.
Taxonomic nomenclature foltows Szalay and Del-
son [1978] (e.g., Adapis and Leptadapis together com-
prise the Subtribe Adapina [adapinans]; Lemuri-
formes includes Lemuroidea and Lorisoidea). All ob-
servations were confirmed using stereo and some
scanning microscopy. All measurements were re-
corded to the nearest 0.1 mm. The approaches we
have followed in inferring polarity and reconstructing
morphotypes are outlined by Szalay [1977a], Delson
[1977] and others and involved general surveys of the
morphologies of the taxa discussed below.

Morphology

In general, YPM 12956 agrees with Greg-
ory’s [1920] description of the gnathic and
facial morphology of Notharctus. While the
incisive foramina have not been preserved,
the extent of the palatal processes of the max-
illa and premaxilla preclude their having ex-
tended posteriorly much beyond I2. Like
other notharctines, the Yale specimen has
four premolars; however, the crown of LP!
was apparently lost during the animal’s life.
Replacement bone occupies the space be-
tween LC! and LP? and the root of LP!
remains in its crypt. A palatal fossa is situ-
ated posterior to RI2 to receive the C; apex.
Remnants of the maxillopalatine suture are
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Fig. 1. Notharctus tenebrosus, YPM 12956, Middle Eoccne of Wyoming. a Occlusal view of maxilla (cast).
b Occlusal view of mandible (cast). ¢ Oblique left frontolateral view of maxilla and mandible in incisor occlusion,
wax-plaster reconstructive support material emphasized. d As ¢, of cast, to emphasizc the clarity of detail
without loss of accuracy thus obtained. e Maxilla in lsft lateral view (cast). f Mandible in left lateral view (cast).
g Mandible in right lateral view, with lingual surfaces of left dentition and corpus (cast). All views to same
scale.
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Table I. Measurements (in mm) of YPM 12956 teeth

Jaw Measurement 11 12 C Pl P2 P3 P4 Ml M2 M3
Upper M-D 3.3 2.1 4.0 - 2.7 3.8 4.2 5.1 5.3 4.1
B-L 1.5 1.3 3.0 - 2.1 4.3 5.5 6.2 6.7 5.5
Lower M-D 1.8 2.0 2.8 1.8 2.4 3.9 - 5.1 5.5 6.0
B-L 1.4 1.8 3.0 1.6 1.9 2.8 - 3.8 4.2 3.6

M-D = The greatest mesiodistal diameter; B-L = perpendicular buccolingual dimension.

visible at the level of LM?-3 and posterior to
LM3. While the maxilla is broken exteriorly
at the level of LP! it does preserve the
infraorbital foramen, which i1s double as in
some adapines [Stehlin, 1916; Gingerich and
Martin, 1981]. The malar originates low on
the maxilla just superior to LM2, and its infe-
rior surface 1s grooved posterior to the tuber-
cle for the anterior tendon of the masseter
[Gregory, 1920]. The orbital rim of the malar
is not pierced by a foramen as it sometimes is
in Notharctus [Gregory, 1920]. The orbital
mosaic is not discernable although the floor
of the orbit preserves the infraorbital canal.

The symphyseal suture line along the
planum alveolare is obliterated. Yet inferi-
orly an unfused portion of the left symphy-
seal surface is retained. This may conform to
the ‘condition 2’ specimens of Beecher
[1983]. AMNH 5009 is a fairly complete
dentary of N. tenebrosus, and as in the Yale
specimen the internal symphyseal surface is
smooth, while externally and inferiorly a su-
ture line is visible. This would most probably
have been the condition of YPM 12956 had
1t not been damaged.

Incisors

As in Adapis and indriids [Rosenber);‘z‘er
and Szalay, 1980], I' is a low-crowned, buc-
colingually thin tooth with a strong mesial

process. There are delicate traces of a lingual
cingulum. The worn apical margin makes it
impossible to determine if the fresh 1! were
capped by a naturally sharp or a blunt edge.
12 is roughly trapezoidal in outline, and the
plane of its crown is oriented essentially par-
allel to that of I!. The lack of any I'-2 intersti-
tial facets, as well as the respective distance
between alveoli, indicates that 12 was stag-
gered behind 1! [see also Gregory, 1920];
therefore, the teeth did not form a compact
arcuate unit as in the mandible (fig. 1a, b).
This is confirmed by our examination of oc-
clusion.

The apical margins of all lower incisors
are extensively worn leaving no precise way
of inferring their unworn height. They are
rather procumbently implanted, and a con-
tinuous broad band of wear-induced dentinal
exposure demonstrates that all four incisors
were arranged in a close-packed natural arc
across the mandibular symphysis. Gracile
lingual cingula are also present on I, > asis a
lingual buttress on I.

Canines

The upper and lower canines arc rather
similar to one another in size and shape, pos-
sibly indicating that the individual is female.
We are also aware of other notharctine ca-
nines of somewhat different appearance, at-
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tributable to Notharctus or Pelycodus species;
thus, the Yale specimen should not be con-
sidered morphologically typical for the sub-
family. C! and C; are roughly cylindrical in
section, recurved along the root-crown axis
and sharply pointed. The crowns, especially
of the uppers, are indented by many short
vertical grooves buccally and lingually. The
C! shows a mesial sulcus on the crown, and
there are only slight indications of the devel-
opment of distal cristae on either tooth. Each”
crown projects vertically well beyond the

2O

Fig. 2. lllustration of reconstructed lower (stip-
pled) and upper teeth of N. tenebrosus in occlusion,
based on YPM 12956. Note, in particular, the exclu-
sive occlusion of 1,_, with 1! and the isolation of 12.

Fig. 3. Scanning electron micrograph of left 1}-2 of
YPM 12956 (cast), original scale included. Note sepa-
rate lingual facets on 1! for I, », and apical and cervical
wear on 12

apices of adjacent premolar cusps, and are
separated from upper and lower lateral inci-
sors by brief diastemata.

Occlusion

The I! apical margin and lingual fossa just
below the margin are heavily worn and indi-
cate an edge-to-edge as well as overbite oc-
clusion (fig. 2). The combined mesiodistal
breadth of I,_,, and their apically worn occlu-
sal facets, correspond with the breadth of I!
(table I)and its worn apical margin(fig. la—c, 3).
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Table II. Comparative ratios of primate upper and lower incisors

M-D M-D  I! area M-D M-D
Taxon n I'— I2 I — I,
B-L B-L 12 area B-L B-L

Strepsirhini

Adapidae

Notharctus tenebrosus, YPM 12956 1 2.2 1.6 1.8 1.3 1.1

Pelycodus jarrovii¢ 1 2.2 I.1 1.8 - -

Pelycodus eppsi 1 1.9 - - - -

Adapis parisiensis 14 2.1 2.0 1.0 1.0 1.1

Lemuriformes

Lemur catta 3-8 2.6 1.9 1.2 - -

Hapalemur griseus 4 1.7 1.7 1.2 - -

Propithecus verrauxi 4 1.8 2.5 1.9 - -

Phaner furcifer 2-3 33 2.0 3.7 - -
Anthropoidea

Platyrrhini

Leontopithecus rosalia 19-25 1.1 1.2 1.3 0.8 0.9

Saguinus midas 10 1.1 1.2 1.1 0.9 0.9

Callithrix jacchus 11-13 1.3 1.2 1.4 0.8 0.6

Saimiri sciureus 6-7 1.1 1.0 1.3 0.6 0.7

Catarrhini

Parapithecus grangeri 1 1.1 - - - -

Propliopithecus chirobates® 1 - - - 0.9 0.8

Propliopithecus zeuxis® 1 - - - 0.8 0.8

Dendropithecus macinnesi¢ 1-14 1.1 0.8 1.4 0.7 0.8

Proconsul africanus© 4-15 1.3 0.9 1.5 0.8 0.8

n = Sample size; M-D and B-L, as in table I; area = M-D X B-L. Superscripts at taxa refer to published
measurement sources: 2Gregory [1920]; PKay et al. [1981]; cAndrews [1978]. Note especially: the relatively
greater mesiodistal length of I! in strepsirhines compared to anthropoids; the proportional similarities of I! and
12 in A. parisiensis and of areal ratios between notharctines and Propithecus, and the relative buccolingual
dominance of I,_, in anthropoids as compared to adapids.

Interestingly, but for a small wear facet at the
tip of I? (fig. 3), the crown of this tooth is
nearly devoid of any obvious occlusal or
other abrasive wear. Thus it is quite clear that
during incisal centric relation, I, ; occluded
entirely with the much broadened I! crown,
bypassing 12 [contra Gregory, 1920, p. IZZ].
A similar facet is seen on the 12 tip of AMNH

55157, an aged Smilodectes specimen dis-
cussed by Gingerich [1979b]. The presence of
such a small facet on both old and young
individuals suggests that it may have been
formed while some anterior teeth were still
erupting and occlusal relationships had not
yet reached the adult mode, or that it was
produced during nonocclusal behaviors. The
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base of 12 does bear a flat occlusal facet
(fig. 3) which corresponds with a small facet
along the mesial cristid of C;. It is clearly
produced as the C; moves into occlusion,
with its apex resting in the palatal fossa pre-
viously described. This faceted surface occu-
pies an area which spans the cervix, lying on
both the enamel-covered crown and the root.
It is difficult to suggest a selectively advanta-
geous biological role for this occlusal pattern,
because action to sharpen the C; would lead
to gingival abrasion, unless there were local
gum retraction. A similar ubiquitous facet
appears in Callithrix, where Rosenberger
[1979] related it to the spatial requirements
of incisor staggering, coupled with a vertical
C.

The apices of C! and C, retain a sharp
point and are not blunted. Since their roots
are closed and other teeth show substantial
amounts of occlusal wear, its absence cannot
be a function of ontogeny. It may, however,
indicate that the individual i1s female. There
are no marked indications of well-developed
C!-P, honing, despite the fact that the ca-
nines project sufficiently.

Comparisons, Homologies and Polarities

Incisors

The morphological pattern described
above for Notharctus closely resembles that
of Smilodectes [Gingerich, 1979a, p. 157,
fig. 2] with the exception that 12 of Smilo-
dectes is still more reduced in size and possi-
bly played an even lesser role in occlusion.
Our manipulation of epoxy casts and exami-
nation of occlusal surfaces suggests that a
similar form of I'-I; , occlusion is also found
in this notharctine. Upper incisors definitely”
assignable to Pelycodus have not yet been

described. However, one of Gregory’s [1920]
specimens (AMNH 14656) may represent
this genus according to the allocations and
synonymy of species stipulated by Szalay and
Delson [1979]. It, too, has a mesiodistally
expanded crown and mesial prong, and pos-
sibly accommodated both lower incisors si-
multaneously.

The anterior teeth of Adapis parisiensis
and Leptadapis magnus (lowers only) are
comparatively well known [e.g. Stehlin,
1916; Gingerich, 1981a]. They exhibit sev-
eral features which distinguish them from
notharctines. The general shape and gracility
of I' compares well with notharctines but 12
1s relatively broader, lower-crowned and
presents a chevron-like crown. Adapinan up-
per incisors contact interstitially and are ar-
cuately aligned and closely ranked with the
canines to form a continuous span of six
teeth. Lingual cingula are present on I'-2. The
lower incisors are heteromorphic, with lin-
gual cingula and a variably developed lingual
buttress; apical margins are peaked on I,. As
in Notharctus, 1, 5 occlude together into the
I! lingual fossa. However, the expanded api-
cal margin of I, extends beyond the distal
edge of 1! and occludes also with 12 (fig. 4).
Additionally, the lower canine (in both
sexes), as noted by Gregory [1920] and Gin-
gerich [1979b], does not project into a pre-
canine diastema or a palatal fossa but articu-
lates with the lingual aspect of 12, Thus, there
is a more or less continuous incisor-canine
complex involving the potential occlusion of
all anterior teeth simultaneously.

In our sample of the living strepsirhines,
indriids most closely resemble the notharc-
tine 1!'-2 morphology [Rosenberger and Sza-
lay, 1980], particularly in the shape of I! and
the size relationships of 11-2 (table II). As in
lemurids, I? is staggered posterolaterally to
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Incisor-canine occlusion schema

‘ Cebus
1

I'. Lorisotds are quite different and evidently
highly derived. In cases where upper incisors
occlude with the toothcomb, as in Lemur
mongoz and Propithecus, 1! reciprocates the
apical aspects of the entire lower battery with
the distal margin of C; occluding into the 12
lingual fossa.

Incisor and canine occlusion among an-
thropoids is quite different from the patterns
described above (fig. 4). Although they are
not cntirely uniform, their morphological
and positional relationships appcar to be
rather standard. We infer the anthropoid
morphotype to feature the following: upper
incisors moderately high-crowned, robust
and spatulate with 1?2 somewhat more coni-
cal; lowers roughly triangular in labial view
and subequal in size; incisors closely ranked
but 1?2 separated by a diastema from the
canine; I' lingual fossa reciprocates 1I,.,

Fig. 4. Schematic diagram of arrangement and oc-
clusion of the right incisors and canine in selected pri-
mates, as seen in horizontal view at the occlusal plane.
The inferred primate morphotype is based upon a ple-
siadapoid-omomyid construct and suggests a laterally
posted 12, exclusvie I} contact and a spatial situation
in which 12 occludes along the distal aspects of I; (and
the buccal surface of I,). Note especially the following
conditions: 12 is aligned frontally in all later forms; the
I’s may make interstitial contact only if close to the
midline; the 12 of Notharctus and Lemur is in a stag-
gered position; the close-ranked arrangement of Ada-
pis is unique; there is compound I!_; occlusion in both
Notharctus and Cebus, but with quite different 12 rela-
tionships. We propose that evolutionary transforma-
tion is possible from the inferred morphotype pattern
through notharctines to lemuriforms or adapids, or
through omomyids (not shown, but essentially as in
the morphotype) to anthropoids (illustrated by Cebus),
but not in any other sequence.
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apices, with distoapical edge of [, occluding
with I2. In many living anthropoids the upper
lateral incisor may be spiral-shaped lingually,
having a modified distal aspect which con-
forms with the occluding C;. In one excep-
tion, Callithrix, the lower incisors are stag-
gered and grossly modified in form so that I,
and I, occlude apically into separate foveae
of the I'! lingual fossa. Furthermore, like No-
tharctus, the Callithrix C| occludes palatally
to the upper lateral incisors, inscribing a No-
tharctus-like wear facet across the root-crown
junction of I2,

Notharctines differ from both adapinans
and anthropoids in that I,_; occlude solely
into I! while I2 is not involved but instead
occludes with C;. In most anthropoids and in
the adapinans 12 does meet I,, but the details
of its occlusion with C; are different between
the two groups. In adapinans, the apical mar-
gin of C| meets the lingual surface of 12, while
in anthropoids the C, 1s offset from the I;_,
battery and its shaft meets the distal margin
of 12 rather than the full lingual surface.

Although similar terms have been used to
describe the morphology of adapid and an-
thropoid anterior dentitions, we question
whether the implied traits are homologous.
Gregory [1920] referred to the I! of Notharc-
tus as ‘compressed’ (transversely broad and
labiolingually thin) and I,_, as ‘spatulate’,
descriptors which could equally as well be
applied to anthropoids, and indeed both up-
per and lower incisors of adapids and anthro-
poids have been described as ... short, nearly
vertical incisors with spatulate crowns ...’
[Gingerich and Schoeninger, 1977, p. 492;
Gingerich, 1980, p. 129, table I]. We essen-
tially agree that the lower incisors of notharc-
tines are anthropoid-like in appearance, but
view the more complex shapes of Adapis-"
Leptadapis as morphologically highly distinct

[Rosenberger and Szalay, 1980; Maier,
1980a].

One can also make an argument for-
notharctine-anthropoid difference in I,_;-
form based upon measurements (table II).
Length:breadth ratios suggest that the crowns
of adapid lower incisors are essentially square
in section, whereas those of our anthropoid
sample highlight their typical buccolingual
dominance. The phenetic contrasts raise the
possibility of homoplastic similarity. Rosen-
berger and Szalay [1980] have argued that the
term ‘spatulate’ is a poor joint descriptor of
the upper incisors of anthropoids and ada-
pids, since their morphologies are distinctly
different and probably nonhomologous. In
all known adapids (possibly Pelycodus and
Leptadapis, in Notharctus, Smilodectes and
Adapis) [Stehlin, 1916; Gregory, 1920; Gin-
gerich, 1979a; Gingerich and Martin, 1981],
I! is a low-crowned, buccolingually thin
tooth having a strongly asymmetrical labial-
view outline. This is demonstrable by plot-
ting mesiodistal, buccolingual and apicobasal
dimensions which show that adapids are far
more similar to living strepsirhines such as
indriids than to anthropoids [Rosenberger
and Szalay, 1980, p. 145, fig. 1] (table II).
Another aspect of I! morphology which dis-
tinguishes the ‘spatulateness’ in these two
groups 1s the development of a strong mesial
prong in all notharctines and adapinans,
which is lacking in anthropoids. The I} is
dominated by this process, which appears as
a localized expansion mesially. The mesial
prong is not reinforced by an asymmetrical
enamel deposition or by development of a
lingual or marginal cingulum (which remains
very gracile when it appears in Adapis).

The spatial configuration of the upper in-
cisors of anthropoids and adapids also differs
substantially. In the latter, the roots and
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crowns of the right and left T! are broadly
spaced apart, effecting a median gap between
them [Martin, 1973; Gingerich and Martin,
1981]. This gap is greatly exaggerated in all
modern strepsirhines where the I!’s have en-
tirely lost interstitial contact and a midline
diastema appears. The mesial process in ada-
pinans and notharctines can be interpreted as
serving a spacing function to close the gap
between the medial incisors. YPM 12956, in
fact, shows essentially no interstitial contact
facets between right and left central incisors.
Based on the foregoing we suggest that the
presence of a mesial prong in some living
indriids may be a vestigial character.
Anthropoids (and many other mammals)
may approach an adapid-like pattern in pre-
senting something of a median gap [e.g. Gin-
gerich and Martin, 1981] between I’s roots,
but in doing so they continue to differ in pat-
tern formation. Usually it is the sheer bulk of
the incisal crowns that tends to separate their
roots, even when the rostrum is anteriorly
narrow (as in Callithrix). More importantly,
interstitial contact of anthropoid upper me-
dian incisors occurs over a relatively large
apicobasal height and surface area, often in-
volving cingular development and/or a heavy
deposition of enamel in the area of contact.
We consider this to be a significant functional
advantage in species employing powerful in-
cisivation, for it allows occlusal loads to be
transferred between teeth, reducing stress
within them and limiting bending at their
alveoli. Judging from these differences in
morphology and inferred mechanical con-
straints, we take the anthropoid complex to
be not truly comparable to the adapid in
terms of form, function or biological role.
We summarize the above in the context of
a hypothesis of incisor evolution in the {Sri-
mates (fig. 4), extending the analysis of Ro-

senberger and Szalay [1980]. The morphol-
ogy of the anterior teeth of plesiadapiforms
and omomyids, particularly in the less bi-
zarre genera like Plesiolestes, Omomys, Ou-
rayia and Anaptomorphus, i1s somewhat simi-
lar [e.g. Gingerich, 1981b; Rosenberger and
Szalay, 1980]. The high-crowned, robust I!’s
dominate the complex, and in all likelihood
there is a large degree of interstitial contact
between them. In both groups the upper and
lower medial incisors occlude in isolation
without involving immediately lateral teeth.
When they are present, upper laterals tend to
be placed parasagittally rather than in the
frontal plane parallel to the I'’s. Thus, the 1!-2
battery cannot form a continuous platform
for 1, , occlusion. Correlatively, I,’s are often
reduced and/or morphologically differen-
tiated from I;. Given the very common oc-
currence of this occlusal situation among
these two distantly related lineages of the Pa-
leogene radiation [Szalay and Delson, 1979],
we believe that this exclusive I'-1| occlusion
and the proportional relations seen in these
groups are primitive for primates. Median
incisor dominance is also reported for Purga-
torius [Kielan-Jaworowska et al., 1979],
which is regarded as the most primitive pri-
mate in all other aspects of the dentition [e.g.,
Szalay and Delson, 1979; Simons, 1972; Gin-
gerich, 1976].

It follows from this hypothesis that ada-
pids and living strepsirhines modified this
primitive arrangement by realigning the up-
per lateral incisors into the frontal plane. It is
noteworthy that notharctines are more simi-
lar to the presumed ancestral primate condi-
tion in that 12 occlusion is not fully integrated
into the occlusal set, even in its new position.
The Adapis anterior dentition is thus derived
relative to Notharctus, while the excessive
reduction of Smilodectes upper lateral inci-
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sors may represent a modified condition
within that lineage. The modern tooth-
combed strepsirhines such as indriids, which
retain reasonably developed upper incisors
like those of Notharctus, show a tendency to
concentrate the occlusion of lower anterior
teeth into I!, with the 12 having only periph-
eral significance. Although in lorisids [12 are
differently modified, I, » and C, still wedge
lingual to I!. Thus, the living strepsirhine
forms show an extreme version of a Notharc-
tus-like system, irrespective of the number of
teeth involved in the toothcomb, height of the
lower crowns, their caliber, function or bio-
logical role. This poses certain problems for
those who regard Adapis as a more likely
ancestral model for toothcombed strepsi-
rhines [Gingerich, 1975c¢, 1980] for it requires
a reversal not only of symphyseal fusion but
also of 12-1,, C; occlusion and incisor-canine
form to a possibly more primitive state.
Functional inferences add another dimen-
sion to this hypothesis and corroborate the
morphological interpretations which lead us
to deny any phyletic continuity between ada-
pid and anthropoid incisor teeth. For exam-
ple, the premaxilla of living strepsirhines is
highly reduced [Gregory, 1920] as one might
expect given the lesser role of incisors in mas-
tication. We think it likely that this is corre-
lated not only with the derived development
of the toothcomb but also with an elabora-
tion of the oronasal tissues, accessory olfac-
tory bulb and vomeronasal organ of the le-
muriform olfactory mechanism. The latter
structures have been described by Maier
[1980b] and Stephan et al. [1982] as more
highly differentiated than those of a number
of insectivorans. Notharctus appears to show
a more primitive condition than extant strep-
sirhines in the smaller size of its median dia-"
stema, the precocious withdrawal of central

incisor contact, and the gracility of the I!’s
combined with a seemingly comparatively
thick premaxillary palatal process. We pro-
pose that the transformation that is exempli-
fied by this comparison is associated with a
strepsirhine specialization of the olfactory
mechanism which in turn is related to the
evolutionary shift of the lower incisors’ pre-
dominant role from harvesting to grooming
behaviors [Szalay and Seligsohn, 1977].

The anthropoid mechanism is also deriva-
ble from the plesiadapiform and omomyid
pattern by frontal realignment of 12. Unlike
the strepsirhines, however, 12 appears to have
been directly incorporated into the series so
that I, occludes with it. Additionally, in
nearly all the modern forms 12 is conical to
allow reciprocity with C, during occlusion,
which appears to be the morphotypic anthro-
poid condition [Szalay and Delson, 1979;
Rosenberger, 1979]. We consider this to re-
flect a frugivorous specialization of the ante-
rior teeth and rostrum in anthropoids, as it
provides the most advantageous dispersion
of occlusal-incisivation pressure across the
complex. While the premaxillae of modern
anthropoids are abbreviated, they are also
characteristically robust in order to support
the roots of the relatively enlarged and
heavily stressed incisors. They give no evi-
dence of a prior reduction in the role of inci-
sor feeding or elaboration of nonmasticatory
functions.

Canines

In developing the argument that the Ada-
pidae present a canine complex which is
structurally ancestral to anthropoids, Ginger-
ich [1975a et seq.] pointed out several adapid
features also characteristic of anthropoids:
projecting, interlocking canines (Mahgarita),
sexually dimorphic canines (Adapis, Lepta-
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dapis), and canine-premolar honing (Lepta-
dapis, Protoadapis). 1t appears to us that the
absence of all these traits together in any one
of the adapids implies just the opposite: that
they evolved independently of the ancestral
anthropoid pattern!

Despite the full attainment of ‘large’ ca-
nine size, all known adapid canines are mor-
phologically different from modern anthro-
poid canines and our reconstructed anthro-
poid morphotype. In fact, several different
adapid morphologies are evident. Among no-
tharctines, upper and lower canines seem to
retain a relatively simple conical shape at a
variety of absolute sizes. The enamel cortex
generally bears only slight degrees of vertical
ridging or lineations, such as the vertical
creases seen on YPM 12956 (fig. le-g).
Lower canines usually project upward and
are recurved. While the Yale specimen 1is
only indicative of the genus Notharctus, it
may be significant that C, occludes ‘anoma-
lously’ with the cervical region of 12 rather
than with the crown. Although the YPM
specimen could be interpreted as an individ-
ual variant, the genus-wide presence of a sim-
ilar pattern in Callithrix leads us to think that
it is not. Among adapines, including the enig-
matic North American Mahgarita [Wilson
and Szalay, 1976], upper canines are charac-
terized by a proliferation of strong vertical
sulci along the buccal face of the crown. The
crown itself is transversely flattened in cross
section. The lower canines of known adapi-
nans, however, are not very high-crowned. In
A. parisiensis they are low and stout and non-
projecting [see Gingerich, 198la, and
above].

It seems to us that the descriptor ‘inter-
locking’, for canines in both adapids and an-
thropoids, is as misleading as ‘spatulate’ ‘Ras
proven for incisors. We prefer to restrict the

usage of ‘interlocking’ to the pattern seen in
most anthropoids where the canines are
widely splayed (in males) and matched so
that C!-C; contact occurs over a broad area,
C, fits into a precanine diastema, and in cen-
tric occlusion there is sequential contact of 12,
C! and P, or P5. Two patterns are evident in
adapids. In notharctines, the canines are re-
curved and oriented vertically (rather than
splayed laterally). A consequence of this dif-
ference in canine slope is that C, in notharc-
tines does not rest during centric occlusion in
a precanine diastema but instead contacts I2
lingually as it passes to the palatal fossa.
Wear facets indicating C!-P| honing are also
negligible on YPM 12956 though this may be
a function of its gender. The adapinan condi-
tion differs from the previous patterns in that
C, functions with I;_,. While C; does occlude
lingual to 12 in adapinans, it does not rest in a
palatal fossa as in notharctines. We regard
both forms of canine contact in adapids as
distinct from the anthropoid pattern and do
not consider either interlocking in any man-
ner.

As a principal example of a putative tran-
sitional adapid-anthropoid pattern, Ginger-
ich [1975a] noted that (judging by alveoli)
Protoadapis brachyrhynchus has a large Cy,
obliquely positioned P; and C!-P5 honing. It
is equally likely, however, that the C; was
shaped more as in other European adapines
and unlike anthropoids. Also, the oblique
orientation of P; may be a resemblance to the
Oligocene Propliopithecus zeuxis, but this
does not mean that such a morphology was
ancestral for anthropoids generally. In fact,
the diminution of P,’s in parapithecids and
platyrrhines such as Aotus indicates that the
anthropoid morphotype had a small anterior
premolar in both sexes [Kay, 1980; Szalay
and Delson, 1979; Rosenberger, 1979], that
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would not have angled out from the tooth
row.

Kay [1980] and Delson and Rosenberger
[1980] have pointed out that the develop-
ment of sexual dimorphism in adapids may
also have little significance in linking them to
anthropoids. Dimorphic features vary greatly
at the species level and are difficult to estab-
lish as homologous states across larger taxo-
nomic boundaries. In the case at hand, con-
trasting morphologies seem to indicate that
the state of dimorphism was achieved inde-
pendently in adapids and anthropoids.

Mandibular Symphysis

As noted above, the symphysis is fused in
Notharctus. This condition also prevails in
some other adapids and indriids [Beecher,
1977] and is universal in anthropoids. At the
sheer anatomical level, the morphologies of
the symphyseal regions in these animals are
not exceptionally similar or uniform. The
adapids generally show an enlarged wedge of
bone joining each side of the jaw, exposing a
large planum alveolare which may stretch as
far backward as P; 4. The long axis of the
planum is highly oblique, in a sense paral-
leling the axis of the occlusal plane. On the
external surface, the mental region is strongly
convex in the frontal plane and there is little
or no development of a flattened ‘chin’. In
contrast, in anthropoids a broad ‘chin’ is
commonly present, even if not inferiorly-
everted (or flattened) as in humans, and the
mentum is usually nearly vertical in align-
ment. Except in special cases (e.g., some cer-
copithecids and Callithrix) where the planum
alveolare is highly developed, the symphysis
1s anteroposteriorly compressed.

Some of these differences are brought out
by comparing the measured diameters of the
elliptical cross section of open and synos-

tosed symphyses (table III). In this example,
the long axis of the section is defined as the
distance between infradentale and gnathion
and the short axis is a maximal length per-
pendicular to the plane of the outer surface of
the mental region dropped to the planum
alveolare or superior torus. Our sample sug-
gests that whether or not the symphysis is
fused in adapids, the ratio of minor:major
axes tends to distinguish Pelycodus and No-
tharctus from anthropoids. Smilodectes falls
nearer the anthropoid dispersion, possibly
due to its very shallow jaws. All the values for
unfused notharctine and omomyid sym-
physes fall appreciably above the anthropoid
range, even by comparison with such long-
symphysis ‘specialists’ like Callithrix. Our
morphological observations suggest that the
fused symphyses of all adapines are similarly
lengthened along the major axis of the joint.
Thus, anthropoids appear to have fused the
symphysis in another way, correlating this
condition with a shortening of its dorsoven-
tral axis.

Given these differences in form, we con-
clude that the fused symphysis, as a unit
character, cannot be homologous in adapids
and anthropoids. We speculate that there
would be significant functional differences
inherent in these alternative patterns and
their biomechanical contexts. In Notharctus,
for example, the horizontally disposed sym-
physis seems designed to respond to forces
transmitted along the nearly parallel axes of
the dentaries, as when balancing side force is
transmitted to the active side [Hylander,
1979; Beecher, 1977]. The posterior exten-
sion of the planum implies an adventitious
transferral to the contralateral side [Beecher,
1977, Kiltie, 1981] with the posterior teeth
benefitting especially. On the other hand, the
vertically disposed anthropoid symphysis,
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Table III. Comparative measurements (in mm), ratios and fusion states of the primate mandibular symphysis

Taxon Major axis Minor axis Minor Fusion
Major status
n  mean range n  mean range

Strepsirhini
Notharctinae
Notharctus tenebrosus, YPM 12956 1 16.00 - 1 5.50 - 0.34 fused
Notharctus tenebrosus, other 6 11.27 109-11.5 7 6.50 5.4-6.8 0.58 fused
Smilodectes gracilis 4 9.08 8.5-9.9 4 425 4145 047 unfused
Pelycodus ralstoni 3 6.93 6.6-7.2 2 425 4043 061 unfused
Pelvcodus trigonodus 5 8.98 7.4-99 5 482 39-56 0.54 unfused
Pelycodus jarrovii 6 1225 99-12.7 7 6.37 54-7.7 0.52 unfused

Haplorhini
Omomyidac
Anaptomorphus aemulus 1 420 - 1 240 - 0.57 unfused
Omomys carteri 1 390 - 1 2.60 - 0.67 unfused
Hemiacodon gracilis 9 5.46 4.8-6.1 12 325 2537 0.60 unfused
Microchoerus erinaceus 1 7.00 - 1 3.60 - 0.51 unfused
Platyrrhini
Callithrix penicillata 6 9.40 9.3-9.8 6 4.07 3945 043 fused
Leontopithecus rosalia 5 11.20 10.2-11.9 5 5.12 4.8-57 0.46 fused
Saguinus midas 6 10.25 9.6-10.8 6 4.53 4249 044 fused
Saimiri sciureus 3 10.03 9.6-10.5 4 425 3848 042 fused
Aotus trivirgatus 5 11.06 10.2-12.1 5 378 3.543 0.34 fused
Pithecia monachus 6 18.48 156-204 6 542 51-58 0.29 fused

Given the comparable length of the major axis in the N. tenebrosus sample (n = 6) and in thesc small
anthropoids, the difference in minor to major axis ratio is striking.

rather massive mental region, buttressed in-
cisor-canine alveoli, and long moment arm
(from the midline) of the large lateral inci-
sors, all indicate that powerful shearing
forces are taken up by the symphysis and sur-
rounding bone. We tend to think that this is
related to optimizing the efficiency of incisi-
vation, but this does not devalue the signifi-
cance of transferring contralateral forces. In-
cidentally, the reportedly short, deep man-
dibular corpus in Protoadapis also has little
bearing on its supposed transitional status,

contrary to what Gingerich [1975a] argued,
because the earliest known anthropoids com-
monly had shallow corpora [Rosenberger,
1981].

Is the symphyscal pattern of the adapids
possibly preadaptive to the anthropoid con-
dition? We think not for the following rea-
sons. In onc cxample where a true evolu-
tionary sequence from unfused to fused den-
taries is demonstrable, in the Pelycodus-No-
tharctus transition [Beecher, 1983], no other
anthropoid-like features evolved simulta-
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neously, countering Gingerich’s [1977] argu-
ment that adapids evince a ‘trend’ toward
anthropoid morphology. Other featurcs of
adapid jaws and their dynamics must also
have differed considerably from early an-
thropoids, for the rostrum is long and the
glenoid fossa highly modified [Schwartz and
Tattersall, 1979; Fleagle and Rosenberger,
1983]. In Adapis the insertions for the mas-
seter and medial pterygoid muscles are de-
rivedly enlarged at the mandibular angle
[Stehlin, 1916; Beecher, 1983]. This, too,
implies that whatever tendency for fusion
may have been present in that lincage, it
also differed from the situation which in-
fluenced the morphology of early anthro-
poids, which fused their symphyses while
the jaws were relatively shallow [Rosenber-
ger, 1981] and the masseters probably less
specialized. Further, if Beecher [1983] is cor-
rect that the combination of increasing body
size and folivory were selcctively responsible
for symphyseal fusion in notharctines, this
trend would not correspond to our predic-
tions of morphology and adaptive patterns
of the hypothesized protoanthropoids, for
the latter show no signs of a folivorous hab-
it. In fact, it is more likely that the emer-
gence of anthropoids is tied to the evolution
of obligate frugivory; large vertical incisors
and nonfolivorous check teeth are nearly
universalities. On the basis of the sum total
of morphological differences of the mastica-
tory systems 1n adapids and anthropoids it
appears unlikely that their symphyses are
homologously derived or that the anthro-
poid condition is a derivative of the adapid
one. It is worth noting that this interprcta-
tion would discount the single dental trait
which Kay [1980] thought might be a
shared-derived feature linking adapids and
anthropoids.

Synopsis

In light of the evidence presented here, we
can suggest the following regarding the rela-
tionships of adapids to lemuriforms and to
anthropoids. There are two different kinds of
incisor-canine complexes in adapids and
neither are extremely similar to the anthro-
poid condition. The Adapis-Leptadapis con-
dition, which i1s most similar in incisor occlu-
sion to that of anthropoids, is almost cer-
tainly autopomorphic as well. Therefore, the
notharctine pattern might prove to be a bet-
ter model for the antecedent of the strepsi-
rhine toothcomb, contrary to previous opin-
ions. We propose that a relatively robust [! 1s
primitive for primates and that adapids and
lemuriforms are homologously derived in re-
ducing the size of I! and the premaxilla, and
in rotating the upper central incisors laterally
away from the midline. Anthropoids retain a
relatively enlarged ' and are autopomorphic
in positioning 12 into the frontal plane to
make contact with I! and I, and occlude with
the C, shaft.

So far as we know, these implications are
not contradicted by any character analyses of
other anatomical systems, i.e. cranial mor-
phology, the brain and special senses, ccre-
bral circulation or postcranial anatomy. This
leaves us with one point of similarity be-
tween notharctines (primitive adapids) and
anthropoids: spatulate lower incisors. While
we cannot at this point morphologically dem-
onstrate that they arc convergent to our own
fullest satisfaction (owing to the lack of bio-
metric data), we have several reasons for
believing that they arc: the consistently
greater thickness of anthropoid 1,_;; the oc-
clusal relations with 1!-2; the differences in
morphology of upper incisors; the more rea-
dily envisioned transformation of an anthro-
poid I! set from the plesiadapiform/tarsii-
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form pattern than from an adapiform one,
and, lastly, the ease with which such simple
teeth as lower incisors may be similarly
transformed when spatial and occlusal con-
straints are similar.

The inferred functional properties distin-
guishing adapid and anthropoid incisors add
weight to our argument that they are nonho-
mologous and nontransformable, if we are
correct in interpreting the adapid pattern as a
specialization relating to the eventual evolu-
tion of the nonmasticatory roles of the tooth-
comb and the anthropoid condition as a re-
tained dominance of the central incisors for
masticatory/incisivation functions. The al-
ternative hypothesis requires complex shifts
in natural selection to induce the evolution of
‘spatulate’, gracile, upper medial incisors (in
adapids) from, for example, a more robust
primitive condition (as in plesiadapiforms),
followed by a secondary thickening of the
crown (in early anthropoids) to emulate the
more archaic morphology. It seems more
parsimonious to theorize directional selec-
tion working to modify a simple plesiadapi-
form-like 1! into an anthropoid I! by reduc-
ing its massiveness and still retaining its es-
sential shape and functional significance [fol-
lowing Rosenberger and Szalay, 1980].

The Adapid-Anthropoid Hypothesis

Our major thesis has been that many of
the similarities evident in comparing the an-
terior dentitions of adapids and anthropoids
are homoplastic products of convergent or
parallel evolution. Hence, they are immate-
rial to arguments linking these taxa in ances-
tor-descendant fashion or as sister groups.
Why, then, have various authors interpreted
these characters otherwise, or advocated

much the same hypothesis for different rea-
sons? It i1s instructive to examine briefly the
history of the adapid-anthropoid idea in light
of recent advances in primate systematics.
We suggest that the following were especially
important in influencing the development of
this notion: (1) it emerged during a period
when the scala naturae, rather than a phylo-
genetic evolutionary history, was the govern-
ing paradigm; (2) it was devised during a
period when the morphology, affinities and
taxonomy of the Paleogene primates were
poorly understood, and (3) it inadvertently
incorporated inherent biases pertaining to
the processes of paleontological discovery,
such as those compounded by the paucity of
specimens.

The critical covering principle behind var-
ious theories of primate evolution, since such
studies originated [e.g., Huxley, 1863], was
the scala naturae. Since among the living pri-
mates, ‘prosimians’ invariably occupied a
lower rung than the anthropoids, it was inev-
itable, if tarsiers were removed, that lemur-
like early Tertiary fossils would be cast as
anthropoid ancestors. The adapids, which
were structurally similar to lemuroids, ful-
filled this expectation. Needless to say, the
scala naturae is an imprecise guide to the
phylogenetic relationships among taxa. By
setting lower limits on primitive primate
morphology, the scale naturae has also in-
fluenced the interpretation of character ho-
mologies and morphocline polarities. One
taxonomic implication of this is that the en-
tire radiation of plesiadapiform primates has
been interpreted as collateral offshoots [Le
Gros Clark, 1959; Simons, 1972], whose tax-
onomic affiliation with the euprimates is con-
tinually being questioned [Cartmill, 1982;
MacPhee et al., 1983]. However, a reevalua-
tion of some of these plesiadapiform traits
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[Rosenberger and Szalay, 1980; see also
above] by character analysis suggests trans-
formational links between plesiadapiforms,
tarsiiforms and anthropoids. The assumption
that adapid and lemuriform morphology is
primitive for primates was thus opened to
challenge. Two relevant implications emerged:
(1) adapid morphology is derived, and sug-
gestive of their exclusive phylogenetic rela-
tionships with living lemuriforms, and (2) the
omomyids became an increasingly plausible
ancestral stock for the anthropoids, even if
they did not pass through an adapid-like
structural stage of evolution [cf. Szalay and
Delson, 1979].

As the Paleogene primate fossil record ac-
cumulated, the adapid-anthropoid hypothe-
sis evolved. In its first formulation, Leidy
[1873] suggested that the genus Notharctus
had so much in common with the platyrrhine
Alouatta that a derivation of South American
monkeys from this Eocene genus was likely.
As more notharctines became known, with-
out apparent transitional forms between any
of them and any higher primate, Leidy’s sug-
gestion was modified to encompass the de-
scent of platyrrhines from an unspecified
North American notharctine [e.g., Wortman,
1903/04; Gregory, 1920, 1922; Le Gros
Clark, 1934, 1959]. During the same period,
an origin for the catarrhines was proposed
from a different ancestral stock. Neontolo-
gists [Hubrecht, 1897; Pocock, 1918; Hill,
1919] were joined by paleontologists [Wort-
man, 1903/04; Stehlin, 1916; Gregory, 1920]
who saw threads of a phyletic relationship
between them, Tarsius, the predominantly
Eocene omomyids and, especially, the Euro-
pean microchoerines. Either as a conse-
quence or a presupposition of this dual hy:"
pothesis, Anthropoidea was considered di-
phyletic with its two branches evolving in

situ in different geographical realms. The
spatial division of notharctines and micro-
choerines satisfied the requirements of the
biogeographical complications of that era
which were implicit in the disjunct distribu-
tion of higher primates and hystricomorph
rodents. Simpson [1963] popularized such a
view as an exemplary case of the parallel evo-
lution of an advanced grade of organization
from a more primitive level. He asserted that
two relevant ‘prosimian’ families (Adapidae
and Omomyidae) may have independently
spawned the anthropoids. This first-stage hy-
pothesis met opposition on two fronts: ada-
pids and omomyids are now generally ac-
cepted as quite distantly related [Simons,
1972; Szalay and Delson, 1979; Gingerich,
1981b] and anthropoids are generally be-
lieved by most to have had a monophyletic
origin [Delson and Rosenberger, 1980; Luck-
ett and Szalay, 1978; Fleagle and Rosenber-
ger, 1983; Cartmill et al., 1981; but see Ca-
chel, 1979].

The second stage in the development of
the adapid-anthropoid hypothesis took into
account these phylogenetic objections by
framing it in less narrow terms, with an em-
phasis on anthropoid monophyly. The No-
tharctus-platyrrhine and  microchoerine-
catarrhine elements were replaced by a higher
taxon phylogeny: the family Adapidae was
cast as ancestors of protoanthropoids. Gin-
gerich [e.g., 1980] developed this position by
proposing an elaborate list of anatomical
traits shared by adapids and anthropoids (see
above). In a parallel hypothesis which he has
recently revised [MacPhee et al., 1983], Gin-
gerich [1975b et seq.] interpreted all tarsii-
form primates as only distantly related to
anthropoids and viewed the latter as the
monophyletic descendants of an adapid
stock. The alternative to the adapid-anthro-
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poid hypothesis as currently conceived is that
tarsiifforms and anthropoids are monophy-
letically linked by synapomorphies [Pocock,
1918; Szalay and Delson, 1979; Hill, 1955]
and, as we have attempted to illustrate
above, the resemblances in anterior denti-
tions of adapids and anthropoids are largely
nonhomologous. The same applies to theo-
rized postcanine tooth homologies dating to
the earlier part of this century. For example,
the hypothesis that Notharctus and Alouatta
share homologous ‘pseudohypocones’ [e.g.,
Gregory, 1920] has not endured empirical
ontogenetic tests [Tarrant and Swindler,
1973], which show that the hypocone of
Alouatta does not split ontogenetically from
the protocone as it seems to in the Pelycodus-
Notharctus transition. Even if it did, as Greg-
ory [1920, 1951] realized, the morphology of
Alouatta is not the ancestral platyrrhine con-
dition [Rosenberger, 1977, 1979], making
this comparison essentially irrelevant.

A number of other theoretical problems
are tethered to the adapid-anthropoid hy-
pothesis. Arguing that adapids progressively
exhibit trends bearing on the anthropoid con-
dition [Gingerich, 1977] can hardly be taken
as evidence that adapids actually are anthro-
poid ancestors. It may just as easily signal
their descent from a more remote common
ancestor and/or subsequent subjection to
similar selective pressures. Arguing that
“These forms (Oligopithecus, Hoanghonius,
Amphipithecus, Protoadapis brachyrhynchus)
all share some combination of molar mor-
phology, symphyseal fusion, canine honing,
premolar crowding, and deep mandibular
rami that make some advanced Adapidae
virtually indistinguishable from primitive
anthropoids’ [Gingerich, 1977 p. 177] is
open to criticism for a number of reasons.
The morphology and systematic position of

all of these fossil forms, actually known by
very few specimens, have been variously in-
terpreted by several students [e.g., Conroy,
1978; Szalay and Delson, 1979; Kay, 1980].
Some have been assigned to different taxa
above the family level. Additionally, the
sharing of a combination of similarities may
be an important reason for grouping taxa, but
ancestral-descendant hypotheses [Szalay,
1977b] should include statements of homolo-
gies and morphocline polarities. If, on the
other hand, the veracity of the adapid-an-
thropoid hypothesis relies upon a family-
level framework, lumping some characters of
notharctines and others of adapines, the re-
sulting compromise hypothesis becomes so
ill-defined as to be essentially untestable with
current methods. Arguing that stratopheneti-
cally intermediate forms such as those listed
above exist [Gingerich, 1977, 1980] is not
especially convincing either, since they are
epochs and continents apart from each other
[Szalay and Delson, 1979].

Is the adapid-anthropoid hypothesis a
phylogenetic fallacy? We have attempted to
show that the very best presented cases In
support of it are not predicated upon a very
secure morphological foundation. We have
also attempted to illustrate that its develop-
ment has been influenced by the historical
baggage of a previous era, when earlier work-
ers attempted to anchor the question of an-
thropoid origins against such beautifully pre-
served fossils as Notharctus and worked
within another conceptual framework. As an
alternative to this, the tarsiifform ancestry
hypothesis stands somewhat damaged [Cart-
mill, 1982] but unrefuted. The neontological
links between tarsiers and anthropoids have
endured and been augmented since the turn
of the century [Luckett and Szalay, 1978],
though fresh arguments have questioned the
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cladistic reliability of characters associating
tarsiers with fossil omomyids. It seems to us
that both the phenetic and cladistic evidence
continue to justify the hypothesis that ada-
pids are the sister group of the lemuriforms
and tarsiiforms are the sister group of the
anthropoids. Until each of these postulates is
refuted, the advocacy of yet a third mutually
exclusive theory, the adapid-anthropoid hy-
pothesis, appears to be untenable.

Conclusions

The morphology of the incisor-canine
complex of Notharctus is known from frag-
mentary remains discussed by Gregory
[1920] and from a basically complete speci-
men described here for the first time. This
evidence holds important clues concerning
the affinities of the adapid, lemuriform and
anthropoid primates. In the spacing, occlu-
sion and size-shape relationship of the upper
incisor teeth, Notharctus and the other
known notharctines (Pelycodus, Smilodectes)
are characteristically lemuriform, albeit of a
much more primitive status since the lower
teeth had not yet become modified into a
comb-like system. This common pattern in-
cludes the development of a median interin-
cisal diastema, low-crowned I' bearing a
strong mesial prong, a structurally gracile I'-2
and an 12 that is staggered, having little or no
occlusal interaction with I, . In the Adapis-
Leptadapis clade, the conformation of the
incisor-canine complex seems to be generally
similar but differs in a number of traits. Its
median diastema is absent, the transverse
diameters of I? and I, , are enhanced, C, is
subcaniniform, 12 is fully occlusal and the
precanine diastema is absent. These differ-
ences represent a derived adapinan occlusal

pattern wherein all the incisors operate as a
unitary ‘cropping’ mechanism, together with
a functionally integrated lower canine tooth.
Aspects of the adapinan complex are con-
trary to expectations of a protolemuriform
dentition, particularly in the expansion of I
crowns and the integration of 12 into the
occlusal set. Here, notharctines resemble le-
muriforms and most other primates more
than Adapis does. We propose that the no-
tharctine morphology is a better model for
the pretoothcomb prototype. Further, since
we think the ancestral primate anterior denti-
tion resembled a plesiadapoid-omomyid-an-
thropoid construct and not a strepsirhine pat-
tern of organization, the shared similarities
of the upper incisors of adapids and lemuri-
forms are interpreted as homologously de-
rived and indicative of their sister group
affinities.

Comparisons of the adapid anterior denti-
tion with those of living and fossil anthro-
poids, and with traits of the reconstructed
anthropoid morphotype, suggest that many
of their shared similarities reflect convergent
evolution. Adapids differ in several impor-
tant respects. Broadly speaking, they have
low-crowned rather than moderately to high-
crowned upper incisors; 11:2 which are buc-
colingually thin rather than thick, and a dis-
tinctly broadened I! bearing a strongly de-
fined mesial process. Based upon these struc-
tural features, we prefer not to use the term
‘spatulate’ as a descriptive element in com-
parisons of adapid and anthropoid incisors
for it implies that their shapes are genetically
linked as homologues. We consider their
similarities superficial and phylogenetically
homoplastic. Importantly, notharctine and
adapinan anterior dentitions are also quite
different themselves, thus devaluing the
characterization of an ‘adapid’ pattern and its
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comparison with that of anthropoids. In fact,
1t 1s likely that notharctine adapids are more
primitive in their anterior tooth morphology
than adapinan adapids. This again constrains
the form of phyletic comparisons and re-
quires that they be made in the context of
morphotypes. We also question the proposal
that similarities of adapid and anthropoid
canine teeth, especially those related to their
degrees of sexual dimorphism, are truly
shared homologous conditions; different de-
grees and different expressions of dimor-
phism occur in various adapids as they do in
anthropoids. Our examination of the mor-
phology of the mandibular symphysis leads
us to similar conclusions. In cases where ada-
pids resemble anthropoids in having co-os-
sified dentaries, the morphological substrates
contrast markedly. Since the mechanics of
adapid and anthropoid jaws were probably
different, dissimilar selective pressures could
have channeled a superficially similar re-
sult.

We conclude that essentially all of the
characters of the anterior dentition and man-
dible that have been advanced as evidence of
a phylogenetic link between adapids and an-
thropoids are probably derived nonhomolo-
gies. Such traits are invalid as cladistic mark-
ers. The adapid-anthropoid hypothesis was
one of the earliest schemes linking fossil and
living primates and has continued to in-
fluence our thinking on higher primate phy-
logeny for more than 100 years. As the sys-
tematics of plesiadapiform, adapid and tar-
sifform primates have been extensively re-
considered, the application of the monophy-
letic concept of the Haplorhini to the fossil
record makes a derivation of the Anthropoi-
dea from an omomyid stock eminently plau-
sible. Similarly, a rethinking of characfer
transformations suggests that adapids are

collaterally related to living lemuriforms, re-
moving them from a more recent common
ancestry with anthropoids, In light of our
attempted refutation of the morphological
basis of the adapid-anthropoid hypothesis,
we consider the omomyid-anthropoid hy-
pothesis to be the best working theory.
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