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ABSTRACT One of the most complete skulls of the early primate Adapis 
parisiensis is in the collection of the Department of Zoology, Cambridge Universi- 
ty. This exceptionally well-preserved male skull, from Quercy in southern France, is 
important in showing relatively small orbits that are highly convergent, a distinct 
ethmoid component in the medial orbital wall, very small infraorbital foramina, a 
well-preserved auditory region with the stapedial canal about twice the diameter of 
the canal for the promontory artery, and a well-preserved braincase 8.8 cm3 in 
endocranial volume. The frontal lobe of the brain in the Cambridge skull described 
here is less expanded than that reported previously in a British Museum skull. The 
average body weight OfAdapisparisiensis is estimated to have been about 2.0 kg, 
and that of Adapis magnus is estimated to  have been about 8.4 to  9.0 kg. The 
encephalization quotient (EQ) ofAdapisparisiensis is estimated to have been 0.45, 
which is well below the range found in modern prosimians. There is some indica- 
tion that the size of the foramen magnum has increased with increasing brain size 
during primate evo1ution.Adapisparisiensis appears to have been a medium-sized, 
visually oriented, diurnal, sexually dimorphic arboreal folivore. 

The first two specimens OfAdapisparisiensis 
to be discovered, a crushed palate and associ- 
ated mandible, were described by Cuvier in 
1812. Some 60 years later, Delfortrie (1873) 
and Gervais (1873) recognized that Adapis is 
most similar, among living mammals, to 
lemuriform primates. Stehlin’s (1912) exten- 
sive monograph on Adapis further substanti- 
ated this resemblance, as did Gregory’s (1920) 
monograph on Notharctus. Stehlin illustrated 
several nearly complete skulls of both Adapis 
parisiensis and Adapis magnus, derived from 
the Quercy deposits of France, and discussed 
the phylogenetic history of European Adapidae 
in as much detail as was possible at that time. 

Since 1912, relatively little has been added to 
our knowledge of the osteology of Adapis, but 
much additional dental material ofAdapis and 
related genera has been collected and described 
byStehlin(l916), Deperet (1917),Sudre(1969), 
Cray (1973), Schmidt-Kittler (1971), Crusa- 
font-Pairo and Golpe-Posse (19751, von 

Koenigswald (1979), and others. These new col- 
lections have much better stratigraphic docu- 
mentation than the earlier assemblages from 
Quercy, and it is now possible to trace a prob- 
able evolutionary sequence in Europe from the 
large species Adapis magnus through an in- 
termediate species, Adapis stintoni, to Adapis 
parisiensis (see Table 1 and Gingerich, 1981: 
Fig. 1). Adapis magnus is sometimes placed in 
a separate genus or subgenus ‘Zeptadapis,” but 
that seems unnecessary now that the phyloge- 
netic relationships of the species involved are 
better documented. 

Adapis parisiensis is poorly known postcra- 
nially, but some 20 or more skulls and partial 
skulls have been found, all collected during the 
nineteenth century from the Phosphorites du 
Quercy in France. When collected, these skulls 
were sold, along with other fossil specimens, to 
museums throughout Europe. As a result, some 
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TABLE 1. Stratigraphic distribution of the species of Adupis 
considered in this paper 

Age Species Characteristics 

Late Lattorfian 
(?Oligocene)' 

Early Lattorfian 
(?Oligocene) 

Late Bartonian 
(Eocene) 

Adapis parisiensis 

Adupis stintoni 

Adapis magnus 

Small, with relatively 
small canines 

Intermediate, with 
intermediate canines 

Large, with moderate 
canines 

~ ~ ~~ ~ 

>The Lattorfian (= Priabonian) is placed In the early Oligocene by Berggren (1972) and others, while some include all pre-"Grade Coupure' 
mammalian faunas in the Eocene (Berggren et al , 1978) 

of the best specimens were effectively hidden 
from study. In this paper we describe an excep- 
tionally complete and well-preserved cranium 
of Adapis parisiensis now in the Museum of 
Zoology at Cambridge University. Our purpose 
is not to discuss phylogenetic relationships 
within Adapidae or between Adapidae and 
other primates. Rather we shall attempt to 
characterize the principal morphological fea- 
tures of the cranium of Adapis and interpret 
the adaptive significance of these by compari- 
son with living primates. 

MATERIALS AND METHODS 

In order to make effective comparisons be- 
tween Adapis species and modern primates, 
due consideration must be given to nonlinear 
scaling of various dimensions with body size, 
i.e., allometry (cf. Gould, 1966; Martin, 1980). 
Reference is therefore made in the following 
discussion to a number of studies conducted to 
relate different parameters (e.g., length of MP, 
length multiplied by width of M', orbital di- 
ameter, and cranial dimensions) to  body size in 
samples of living primate species. Apart from 
data specifically mentioned in the text (Table 5; 
Figs. 4 and 51, the following reference material 
has been used: 

(1) An analysis of the relationship between 
length of Mf and body size in a sample of 38 
extant noncercopithecoid species of pri- 
mates, and length x width of M' and body 
size in males and females of 41 primates, 
using average figures for several represen- 
tatives of each species (Kay, 1975; 
Gingerich, 1977; Gingerich et al., 1981). 

(2) An analysis of the relationship between 
various cranial dimensions and body size or 
brain size in a sample of 36 extant nonhu- 
man primate species (18 lemurs and lorises, 
one tarsier, and 17 monkeys and apes). 
Cranial dimensions were, whenever possi- 

ble, averaged over eight skulls (four males, 
four females) for each species, while data on 
body and brain size were taken from 
Stephan et al. (1970), with a few modifica- 
tions and additions (Martin, 1980). 

(3) For analysis of relationships between cra- 
nial dimensions themselves, an enlarged 
sample of 48 extant nonhuman primate 
species (23 lemurs and lorises, one tarsier, 
and 24 monkeys and apes) was measured 
(Martin, 1980). 

As a general rule, it is more appropriate t o  
use the principal or major axis for describing 
allometric relationships, rather than the com- 
monly utilized regression, as the former implies 
no distinction between dependent and inde- 
pendent variables in a bivariate plot. The major 
axis is used throughout the following discus- 
sion, except for the problem of predicting body 
weight from tooth size, where regression analy- 
sis is appropriate (Gingerich et al., 1981). Dis- 
crepancies between major axes and regressions 
decrease as the correlation coefficient ( r )  in- 
creases, so with high r values a regression will 
yield a result not greatly different from that 
obtained from the major axis. 

CRANIAL DIMENSIONS AND BODY SIZE 

The Cambridge skull of Adapis parisiensis, 
specimen no. M.538, is illustrated in Figures 
1-3. The skull is complete except for the crowns 
of the anterior teeth, an opening in the right 
side of the braincase, and the ventral surfaces 
of the auditory bullae. It is beautifully pre- 
served, with even the cribriform plate and 
ethmoturbinals partially preserved. The skull 
appears to represent a relatively young indi- 
vidual, judging from the clear presence of many 
cranial sutures, although all teeth have 
erupted and the crowns still in place are 
slightly worn. The dental formula was clearly 
2.1.4.3. 
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Fig. 1,  Cambridge skull ofAdapis parisiensis (M.538) in dorsal (A) and ventral (B) views. Note damage to right temporal 
area and preparatory removal of the ventral floor of both bullae. Scale in mm, 1.5 x natural size. 
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Fig. 2. Cambridge skull ofAdapis parisiensis (M.538) in left lateral (A) and right lateral (B) views. Scale in rnm, 1.5 x 
natural size. 

Judging from other skulls of this species pre- 
serving the anterior teeth (represented only by 
alveoli in the Cambridge skull), the upper cen- 
tral incisors were slightly larger than the lat- 
eral ones and their crowns converged markedly 
toward the midline of the skull, as inpropithe- 
cus among living lemuroids andsaimiri among 
anthropoids (Fig. 4). Left and right central in- 
cisors actually contacted each other distally, 
but the roots and proximal parts of the incisor 
crowns were separated, leaving a median gap. 
This median gap may have permitted a naked 
rhinarium to connect directly to Jacobson’s 
organ, as in 1ivingMicrocebu.s (Schilling, 1970; 
Martin, 1973). On the other hand, some ceboids 
(Saimiri) have convergent upper central inci- 
sors with a similar (although definitely 

smaller) median gap. Thus we cannot be sure 
that the nasal structure ofAdapis was anatom- 
ically or functionally like that in modern strep- 
sirhine primates. Ceboidea usually have a 
functional Jacobson’s organ (Maier, 1981), al- 
though they do not have a naked rhinarium. In 
addition, some ceboids have a median furrow in 
the upper lip possibly representing a vestige of 
the schizocheilic labial cleft characteristic of 
lemuriform primates (Hofer, 1980). 

The upper canine teeth are also not preserved 
in the Cambridge skull, but by comparison with 
other specimens of Adapis parisiensis we can 
infer that they were probably short-crowned 
(see for example Stehlin, 1912: Figs. 244 and 
254; Gingerich, 1981: Fig. 5).  Premolar and 
molar morphology of this species is well known; 



SKULL OF ADAPIS PARISIENSIS 239 

Fig. 3. Cambridge skull of Adapis parisiensis (M.538) in anterior (A) and posterior (B) views. Note the median gap 
(partially broken) between anterior incisor alveoli. Scale in  mm, 1.5 x natural size. 

the last premolars are partly molarized, and 
the true molars are relatively simple quadrate 
teeth similar to those of Lepilemur or Hapale- 
mur in structure. The pointed and crested mor- 
phology of the molars of Adapis (Gingerich, 
1972) suggests that it was predominantly fo- 
livorous, as  are  Lepilemur (Hladik and 
Charles-Dominique, 1974) and Hapalemur 
(Petter and Peyrieras, 1970; see also Petter et 
al., 1977). 

Cranial and dental dimensions of the Cam- 
bridge Adapis skull are given in Table 2. For 
comparison, dental and cranial measurements 

are also given for two additional skulls ofAda- 
pis parisiensis preserved in the British Mu- 
seum (Natural History). To place these skulls 
in  perspective, a logarithmic plot of skull 
length versus skull width is shown in Figure 5 .  
Basal skull length (or "condylobasal length"- 
front of incisors to back of occipital condyles) 
and skull width can be measured or estimated 
reliably in a total of ten skulls ofAdapisparisi- 
ensis. These are plotted in Figure 5 and, inter- 
estingly, they cluster into two distinct groups. 
None of the extant species plotted shows any 
tendency to separate into distinct groups, even 
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Prop it he cus 
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Fig. 4. Upper incisors and canines of extantPropithecus uerreauzi (A, B) and Saimiri sciureus (C, D) compared with those 
OfAdapisparisiensis (E, F). In each case, upper figure is anterior view and lower figure is occlusal view. Note the large median 
gap between left and right central incisors inPropithecus. Adapis resembles Saimiri in having a smaller median gap, with 
central incisors contacting at  the midline. Adupis purisiensis drawn from Montauban-6 (left central incisor reversed from 
right side; presence of an interproximal wear facet indicates that upper central incisors contacted each other in life). 

TABLE 2. Dental and cranial measurements of Cambridge and British Museum 
(Natural History) skulls of Adapis purisiensis (in mm) 

British Museum 
Cambridge - 

M.538 (male) M.1345 (male) M.1633 (female) 

Tooth L W L W L W 

C' - 

P' 4.1 
P3 4.3 
P 3.8 
M' 4.5 
M' 4.8 
M3 4.0 
Skull length 

(condylobasal length) 
Maximum skull length 
Maximum skull breadth 

(bizygomatic) 
Interorbital breadth 
Zygomatic length 

(internal) 
Orbital diameter 
Sagittal crest 

Foramen magnum 

Foramen magnum 

Condylar area 

height 

height 

width 

(height x width) 

- 
2.6 
3.0 
4.3 
4.9 
5.0 
4.8 

75.5* 

84.0* 
55.5 

10.9 
23.4 

14.2 
9.0 

7.0 

8.9 

8.4 x 3.3 
= 27.7 

4.4 3 2  
3.9 2.4 
4.0 2.6 
4.0 4.0 
4.4 4.5 
4.6 4.9 
4.6 4.8 

75.0* 

85.0* 
54 5 

11.0* 
22.8 

13.7 
7 0  

7.0 

8.5 

7.9 x 4.3 
= 34.0 

3 5  2 2  
3 4  2 1  
3 4  2 3  
3 6  3 7  
4 1  4 5  
4 5  4 7  
4 1  4 7  

65 0 

- 
45.0* 

13.0 
- 

*Estimated measurement 
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Fig. 5. Logarithmic plot of bizygomatic cranial width 

against condylobasal cranial length in living and subfossil 
lemur species (solid squares), using mixed groups of males 
and females for each of the living species. The dashed line is 
the major axis for the living species: log,, SW = 0.89 log,, SL 
+ 0.04 (where SL = cranial length; SW = cranial width, andr 
= 0.98). Open diamonds are Adapis. Note distinctly dimor- 

though the specimens plotted for each extant 
species include both males and females in every 
case. This suggests that Adapisparisiensis was 
probably a sexually dimorphic primate species. 
The cheek teeth in all of these specimens are 
very similar in size and shape, and there is no 
evidence of temporal or spatial separation of 
the two forms in the fossil record. Differences in 
relative canine size and the development of sag- 
ittal and nuchal crests further substantiate 

phic clustering of each Adapis species, contrasting with the 
monomorphic clustering of living lemur species (see text). 
Key: (1) Microcebus murinus, ( 2 )  Cheirogaleus medius, (3 )  
Lepilemur mustelinus, (4) Hapalemur griseus, ( 5 )  Lemur 
catta, (6) Propithecus diadema, ( 7 )  Varecia uariagata (8) 
Indri indri, (9) Archueolemur sp., (10) Megaladapis ed- 
wardsi. 

that the two clusters separate males and fe- 
males (Gingerich, 1981). According to this in- 
terpretation, the Cambridge skull and the Brit- 
ish Museum skull M.1345 are both males of 
Adapis parisiensis, whereas British Museum 
M.1633 is a female. Basal skull length and 
skull width can be measured on a total of seven 
skulls ofAdapis magnus, and these also cluster 
into two distinct groups. Relatively large ca- 
nine teeth and large sagittal and nuchal crests 
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TABLE 3. Body weight estimates for Adapis parisiensis and Adapis magnws based 
on cranial measurements (see text) 

Average 

estimate 
Body weight estimates (gm) individual 

Specimen SL BZ Iz ( c o w x c o L )  (gm) 

Adapis paristensis' 
Cambridge M.538 (male) 
BMNH M.1345 (male) 

Paris 10870 (male) 
Paris 10875 (female) 
Paris 10872 (female) 
Paris 11002 (sex indet.) 

Adapis magnus2 

2,500 2,400 3,200 1,300 
2,600 2,300 2,900 2,000 

2,350 
2,450 

9,400 14,000 17,000 5,700 11,500 
6,000 6,600 7,900 7,100 6,900 
5,300 - - 7,000 6,150 
7,000 - - 4,200 5,600 

lOveraIlaverage: 2.400gmC2.4 kg) for maleAdapispurisiensi. Averagewelghtforthespecies based onM1sizeofspecimenslistedinTable2is 
2.0 kg (Gingerich et al., 1981) and, taking into account sexual dimorphism (Gingerieh, 19811, females probably averaged about 1.6 kg and 
males averaged about 2.4 kg. 

zOverall averages: 11,500 gm (11.5 kg) for maleAdapis magnus, and 6,500 gm (6.5 kg) for femaleAdapis magnus. Species average is 9,000 gm 
(9.0 kg). Average weight for the species based on M' size of specimens listed here is 8.4 kg (Gingerich et al., 1981) and, taking into account 
sexual dimorphism (Gingerich, 19811, females probably averaged about 6.6 kg and males probably averaged about 10.2 kg. 

again support interpretation of the larger 
specimens as males and the smaller specimens 
as females of Adapis magnus. 

Male Adapis parisiensis skulls, including 
Cambridge M.538, are about the same length 
as those ofLemur catta (species 5 in Fig. 51, but 
they are somewhat broader. Martin (1973) 
compared British Museum M.1345 with the 
skull of Lemur mongoz, and estimated the 
weight ofAdapisparisiensis to have been about 
1.5 kg. Jerison (1973: p. 379) estimated the 
weight ofAdapisparisiensis as 1.6 kg, based on 
an independent comparison with Lemur mon- 
goz. Radinsky (1977) estimated the weight of 
Adapisparisiensis as 2.5 kg, taking an average 
of body weights for Lemur mongoz and Pro- 
pithecus verreauxi (near species 6 in Fig. 5). Fi- 
nally, Jerison (1979) gave a revised estimate of 
1.7 kg, based on comparison of cranial length in 
A. parisiensis with that in a range of living 
prosimians. Using a regression of body weight 
(BW) on the length of M P  (LM) for 38 extant 
noncercopithecoid primate species (Gingerich, 
1977), we initially estimated an average body 
weight for Adapzs parisiensis of about 2.2 kg 
(logJ3W = 3.29 log,,LM + 1.10; r = 0.96), but 
this does not take into account the fact that 
folivores have longer, narrower teeth than gen- 
eralized primates. The average body weight 
calculated from both length and width of M' of 
Adapisparisiensis, based on the values given in 
Table 2, is 2.0 kg (Gingerich et al., 19811, and 
this is a more reliable estimate than that based 
on tooth length alone. 

A more comprehensive approach, meeting 
the criticism made by Radinsky (1977), is to 
examine the relationship between a number of 

different skull measures and body weight for a 
large sample of primate species (N = 36; Mar- 
tin, 1980). Analyses of allometric relationships 
indicate that, when they are preserved, the fol- 
lowing parameters can be used in addition to 
tooth size for estimating body size (based on 
major axes of double loglo plots): 

(1) Maximum skull length (SL): 
log,, BW = 3.89 log,, SL - 4.09 [r = 0.981 (1) 

(2) Bizygomatic width (BZ): 
log,, BW = 3.77 log,, BZ - 3.19 [r = 0.981 (2) 

(3) Internal zygomatic length (IZ): 
log,, BW = 3.26 log,, IZ - 0.96 [r = 0.961 (3) 

(4) Condylar area (COW x COL): 
log,, BW = 2.16 log,, (COW x COL) [r = 0.981 (4) 

where internal zygomatic length (IZ) is mea- 
sured as the maximal anteroposterior length of 
the temporal fossa within the zygomatic arch, 
and condylar area (COW x COL) is measured 
as the product of the maximum length and the 
maximum width of one occipital condyle. 

In order to test the reliability of these mea- 
sures as  indicators of body weight, values were 
estimated from the four skull parameters for a 
panel of 12 primate species not included in the 
original sample. Averages of the estimations 
for each species are in fairly good agreement 
with actual body weights (Martin, 1980: Table 
21, except in three cases where strong sexual 
dimorphism is present (Papio, Theropithecus, 
and Pongo) and skull dimensions lead to an 
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TABLE 4. Cranial length and orbital diameter in a tant  lemurs' 

Species Cranial Length (mm) Orbital diameter (mm) 
- 

A. Fully nocturnal species 
1. Microcebus murinus 28.9 9.6 

3. Microcebus coquereli 45.6 12.9 
4. Phaner furcifer 49.4 13.9 
5. Cheirogalens major 51.4 14.6 
6. Lepilemur mustelinus 53.0 15.6 
7. Auahi laniger 48.9 17.0 
8. Duubentonia maahgascariensis 74.4 20.3 

9. Hapalemur griseus 55.7 16.1 
10. Lemur mongoz 70.8 18.2 
11. Lemur catta 75.9 17.6 
12. Lemur rubriventer 77.5 19.5 

14. Hapalemur simus 73.0 20.3 
15. Varecia uariegatus 99.5 21.3 
16. Propithecus verreauxi 75.2 19.5 
17. Propithecus diadema 78.3 21.8 
18. Indri indri 94.6 22.9 

2. Cheirogalens medius 37.0 11.1 

B. Intermediate or fully diurnal species 

13. Lemur macaco 82.3 18.9 

'Numbers at left refer to points in Figure 6. Data from skulls measured by Gingerich at the British Museum (Natural History) in London and 
at the Rijksmuseum van Natuurlijke Historie in Leiden. Figures represent averages for four specimens in all cases exceptHapalemur simus 
(N = 1). Cranial length = condylobasal length measured from front of incisors or premaxillae to back of occipital condyles; orbital diameter = 
average of orbital height and orbital width. Activity patterns from Martin (1972), but note that Tattersall and Sussman (1975) foundLemur 
nwngoz tobenocturnal inN.  W. Madagascar, whereas Tattersall (1978) reports diurnal activity in thisspecies on one ofthe ComoroIslands. 

overestimation of body weight averaged be- 
tween the sexes. 

When the above relationships are applied to 
the appropriate skull dimensions of Adapis 
species, overall estimates of 2.4 kg for Adapis 
parisiensis and 9.0 kg for Adapis magnus are 
obtained (Table 3). The estimates for Adapis 
parisiensis are based on skulls that are prob- 
ably both males, and thus the figure of 2.4 kg 
exaggerates the average weight of the species 
as a whole. In modern strongly sexually dimor- 
phic species, even the average dimensions of 
males and females yield an overestimation of 
the average body weight of a species (see 
above). 

Considering all of the estimates based on 
comparative data from large samples of extant 
primate species, a figure of 2.3-2.4 kg is prob- 
ably the most appropriate for the body weight of 
male Adapis parisiensis. Female A. parisiensis 
probably weighed about 1 .61 .7  kg (Gingerich, 
19811, and the average weight of the species 
was about 2.0 kg. This is in agreement with the 
average body size predicted from tooth size 
when both length and width of upper or lower 
first molars are taken into account, and this 
matches the value of 2.0 kg given for Lemur 
catta by Bauchot and Stephen (1966). Lemur 
catta may safely be used as an approximate 
model for the body size of Adapis parisiensis, 
but it must be remembered that male and fe- 

male Adapis were significantly different in 
body size. 

A note must be added here on the use of 
foramen magnum area as an indicator of body 
size. Radinsky (1970) used foramen magnum 
area as a basis for analyzing brain:body size 
relationships in living prosimians and Adapis 
parisiensis. He implied that the latter had the 
same relative brain size as recent prosimians, 
since it fell within the modern range in a plot of 
endocranial volume against foramen magnum 
area. This interpretation was subsequently 
questioned by Jerison (1973), Martin (1973), 
and Gould (19751, on the grounds that foramen 
magnum area may be linked with brain size 
itself, rather than simply reflecting body size. 
Radinsky (1977) subsequently confirmed that 
this is, indeed, the case and indicated that 
Adapis probably had a braidbody size re- 
lationship inferior to the range covered by 
modern prosimians. Taking the sample of 36 
modern nonhuman primate species mentioned 
above, the major axis for the relationship be- 
tween logarithmic values for foramen magnum 
area (FA) and body weight (BW) was found to 
have the following formula: 

log,, F A  = 0.47 log,, BW + 0.56 [r = 0.981 (5) 
The average body weights estimated for Adapis 
parisiensis (N = 2)  andAdapis magnus (N = 4) 
from this formula are only 409 gm and 807 gm, 
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respectively. Thus foramen magnum area gives 
a far lower estimate of body size compared to all 
other measures. An important practical impli- 
cation of this finding is that Adapis species 
exhibited a much smaller foramen magnum 
area (relative to body size) than any modern 
prosimian species (see below). 

ORBITAL SIZE AND CONSTRUCTION 

An obvious feature of the skull of Adapis 
parisiensis shown in Figures 1-3 is its high 
degree of orbital convergence (approximately 
65"; measured as outlined by Cartmill, 19711, 
indicating that vision was an important sen- 
sory modality. The average diameters of the 
orbits in the Cambridge and British Museum 
skulls ofAdapis parisiensis are given in Table 

2. These range from 13.0 to  14.2 mm. For com- 
parison, orbital diameter and condylobasal 
skull length were measured in eight definitely 
nocturnal and ten intermediate or definitely 
diurnal Malagasy lemuroids (Table 4). All of 
these values are plotted on logarithmic scales 
in Figure 6. Living lemuroids cluster into two 
distinct groups, one small and mostly nocturnal 
(Microcebus, Avahi, etc.), and the other larger 
and mostly diurnal (most Lemur, Propithecus, 
etc.). The obvious exceptions on grounds of body 
size are the relatively small Hapalemurgriseus 
(no. 9 inFig. 61, which is diurnal or crepuscular, 
and the larger Daubentonia madagascariensis 
(no. 8 in Fig. 61, which is nocturnal. According 
to Tattersall and Sussman (1975), Lemur mon- 
goz in Madagascar is nocturnal and thus an- 
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Fig. 6. Relationship between orbital diameter and cra- 

nial length in lemurs, Adapis, tarsioids (data for living le- 
murs and key to their numbering given in Table 4). The 
dashed line is the major axis for eight definitely nocturnal 
lemur species (solid circles, no. 1-8): log,, OD = 0.85 loglr SL 
- 0.27 (where OD = orbital diameter; SL = cranial length, 
andr  = 0.96). With theexceptionof speciesofHapalemur (no. 
9 and 14) and Propithecus (no. 16 and 171, diurnal lemurs 
(open circles, no. 9-18) have smaller orbits than expected 
from this relationship, and all subfossil lemurs (solid 

squares, no. 1S27)  have distinctly smaller orbits. On the 
other hand, Necrolemur and especially Tarsiw (black dia- 
mond, no. 28) have orbits larger than expected. Specimens of 
Adapis (solid triangles) fall well below the principal axis, 
suggesting that they were probably diurnal. Key to subfossil 
lemurs: (19) Mesopropithecus sp., (20) Varecia insignis, (21) 
Varecia julleyi, (22) Archaeolemur majori, (23) Had-  
ropithecus stenognathus, (24) Archaeolemur edwardsi, (25) 
Palaeopropithecus ingens, (26) Archaeoindris fontoynonti, 
(27) Megaladapis sp. 
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A 0 I crn I cm 

Fig. 7. Comparison of orbital construction in Adapis parisiensis and Indri indri. (A) Indri indri, Leiden Rijksmuseum 
specimen “h,” and (B) Cambridge skull OfAdnpisparisiensis. Note similar relationships of lacrimal, frontal, and maxilla, and 
the presence in both of an exposed ethmoid “0s Dlanum.” Abbreviations: eth, ethmoid; fr, frontal; lac, lacrimal; max, maxilla; 
n, nasal; pal, palatine; zyg, zygomatic. 

other exception to the general pattern, al- 
though Tattersall (1978) reports that Lemur 
mongoz can exhibit diurnal habits on one of the 
Comoro Islands. Walker (1967) made a plot 
similar to that in Figure 6 but used simple 
linear coordinates that do not take into account 
the probable allometric relationship between 
orbital diameter and cranial length. 

There is no clear separation of nocturnal 
from diurnal lemuroids when orbital diameter 
is plotted against cranial length on logarithmic 
coordinates. The best separation of nocturnal 
and diurnal forms is based on overall body size, 
but, asnoted above, there are exceptions to this. 
The situation is clarified to some degree by 
plotting the major axis for the relationship be- 
tween orbital diameter (OD) and cranial length 
(SL) for nocturnal forms alone (dashed line in 
Fig. 6), giving a standard against which diur- 
nal species can be compared 

(log,, OD = 0.85 log,, SL - 0.27; r = 0.96). 

The diurnal Propithecus (no. 16 and 17) and 
the diurnallcrepuscular Hapalemur species 
(no. 9 and 14) fall very nearly on the principal 
axis predicting orbital diameter in large noc- 
tural lemurs, but as a group diurnal lemurs fall 
somewhat below the regression for nocturnal 
species. In other words, diurnal species tend to 

have smaller orbits than one would expect in 
nocturnal species of the same cranial length, 
but not all lemurs conform to this generaliza- 
tion. Among the nocturnal species, Avahi ap- 
pears to have exceptionally large orbits, just as 
Tarsius does. Interestingly, the Eocene tarsioid 
Necrolemur also has relatively larger orbits 
than one finds in the average nocturnal lemur, 
suggesting that Necrolemur, like Tarsius 
(diamond, no. 28, in Fig. 6), was probably noc- 
turnal. Another Eocene tarsioid, Rooneyia, 
would fall close to Lepilemur mustelinus (spe- 
cies no. 3) if plotted on the figure, since it has 
relatively smaller orbits thanNecrolemur (Kay 
and Cartmill, 1977: Fig. 6). 

Data on orbital diameter and cranial length 
for Adapis parisiensis and Adapis magnus are 
included in Figure 6. Both of these species have 
significantly smaller orbits than one would ex- 
pect in a nocturnal lemur of their cranial 
length, suggesting that both species were prob- 
ably diurnal. Extinct subfossil lemurs, ranging 
from Mesopropithecus to Megaladapis are also 
plotted in Figure 6. All fall well below the re- 
gression for nocturnal lemurs, supporting 
Walker’s (1967) suggestion that all were diur- 
nal. However, inferences about activity pat- 
terns in the large subfossil lemurs require ex- 
trapolation to larger body sizes than are repre- 
sented by living lemurs, and this conclusion 
may not be justified (Kay and Cartmill, 1977). 
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Orbital construction 
Two features of orbital construction are well 

preserved in the Cambridge skull of Adapis 
parisiensis. First, the lacrimal foramen opens 
on the exposedfacial part of the skull. Second, it 
appears that a small but distinct ethmoid com- 
ponent, or “0s planum,” is exposed in the medial 
orbital wall (Fig. 7). 

The Cambridge skull shows the lacrimal 
bone to be moderately extended out onto the 
face (Fig. 7B). The lacrimal foramen opened at 
the extreme anterior part of the lacrimal bone, 
and it clearly opened onto the face as it does in 
Tarsius and in lemuriform and lorisiform pri- 
mates, not within the orbit as it does in most 
anthropoid primates. This observation contra- 
dicts that of Forsyth Major (1901) on other 
Adapis specimens, and Gregory (1920) on 
Notharctus. Stehlin (1912) observed that con- 
siderable variation exists in the placement of 
the lacrimal foramen relative to the orbital 
margin in Adapis. 

An 0s planum is characteristic of Tarsius, 
lorisoids, most lemuroids, and simian primates 
(monkeys, apes, and humans). Ethmoid expo- 
sure in the orbital wall of living primates is 
thought to be correlated with possession of rela- 
tively large orbits, closely approximated orbits, 
or a combination ofboth of these characteristics 
(Cartmill, 1979, but exceptions to this rule 
exist and Zndri is such an exception (Fig. 7A; 
Cartmill and Gingerich, 1978; Cartmill, 1978). 
In Zndri the ethmoid, when exposed, is located 
between the lacrimal, frontal, and maxilla. 

A distinct ethmoid component appears to be 
present in the medial wall of the orbit of the 
Cambridge skull of Adapis parisiensis (Fig. 
7B), which is the first evidence of an 0s planum 
in an Eocene prosimian. As in Zndri, the 0s 
planum of Adapis parisiensis is small and lo- 
cated between the lacrimal, frontal, and 
maxilla. None of the other skulls of Adapis 
parisiensis or Adapis magnus we have exam- 
ined appear to preserve an 0s planum, even 
though the sutures in this region of the skull 
are beautifully preserved in some specimens. 
Thus we conclude that ethmoid exposure in the 
orbital wall occurs with low frequency in 
Adapis, as it does in Indri. Given an orbital 
convergence of about 65” in Adapis parisiensis, 
the presence of an 0s planum in Adapis is con- 
sistent with Cartmill’s idea that this condition 
results from narrowing the interorbital region 
to the point where the periorbital cones im- 
pinge on the nasal capsule (Cartmill, 1971, 
1978). 

Relationships of the lacrimal, frontal, 
maxilla, and palatine in the orbital wall are 

clearly shown in the Cambridge skull. Szalay 
(1976: p. 371) claimed that there is a “broad 
palatine-lacrimal contact excluding the 
maxilla from contacting the frontal” in Adapis 
parisiensis, but the opposite is true. Adapis and 
Pronycticebus (Le Gros Clark, 1934), likezndri, 
have a broad frontal-maxilla contact excluding 
the palatine from contacting the lacrimal. This 
adds considerable paleontological weight to the 
hypothesis that a frontomaxillary contact is the 
primitive arrangement in primates (Russell, 
1964; Cartmill, 1975, 1978). However, caution 
is needed in accepting such an interpretation 
for several reasons. Sutures may disappear 
through fusion in adult skulls and thus become 
unidentifiable even in modern skull material, 
making interpretation of unique fossil speci- 
mens less certain. The fact that ethmoid expo- 
sure in the orbital wall is present in at least 
someAdapisparisiensis is indicative that there 
may have been some special relationship be- 
tween the ethmoid and the orbit in early pri- 
mates. 

The Cambridge skull represents a young 
adult, and it is possible that the orbital mosaic 
changed with age. Ethmoid exposure as an 0s 
planum is found in all the major groups of pri- 
mates and it is only among the larger-bodied 
lemurs that it is consistently or usually lack- 
ing. Martin (1968) suggested that ethmoid ex- 
posure was present in the common ancestor of 
the extant primates, and he subsequently em- 
phasized that the ancestral primates were 
probably quite small-bodied (Martin, 1979). 
Accordingly, one must also consider the possi- 
bility that the relatively large-bodied Adapis 
and the larger lemurs (i.e., those in excess of 1 
kg body weight) have secondarily undergone 
partial or complete loss of ethmoid exposure in 
the orbit. It would be expected, in line with this, 
that an 0s planum might be present in young 
individuals, which are small, and become sup- 
pressed with increasing age as they grow 
larger. 

INFRAORBITAL FORAMEN 

The infraorbital foramen has a single open- 
ing approximately 0.5 mm by 1.1 mm in diame- 
ter on the left side in the Cambridge skull, but a 
double opening, each aperture being approxi- 
mately 0.5 mm in diameter, on the right side. 
The infraorbital foramen in generalized living 
mammals transmits infraorbital branches of 
the maxillary nerve and blood vessels supply- 
ing the upper lip, rhinarium, and facial vibris- 
sae. When these measurements are added to 
the graph recently published by Kay and 
Cartmill (1977: Fig. 7) showing the relative size 
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Fig. 8. Stereophotographs of basicranium of Cambridge skull of Adapis parisiensis (M.538). (A) Entire basicranium in 
ventral view, scale in millimeters. (B) Enlarged view of left auditory region. Free anular ectotympanic within the auditory 
bulla has been broken away, but other structures are exceptionally well preserved. 

of the infraorbital foramen in living mammals, 
Adupis is seen to have exceptionally small in- 
fraorbital foramina. Adupis falls well below liv- 
ing strepsirhine primates, and near the lower 
limit of relative size of the infraorbital canal in 
haplorhines as well. This indicates that the 
rhinarium and facial vibrissae were probably 
poorly developed in Adupis. 

AUDITORY REGION 

The auditory region of Adupis purisiensis is 
well known as a result of Stehlin's (1912) beau- 

tifully illustrated descriptions. "he basicranial 
region of the Cambridge skull is illustrated 
here in Figure 8. The ectotympanic, known 
from other skulls of Adupis to be a free ring 
within the auditory bulla, has been broken 
away on both sides of the Cambridge skull, and 
the primary importance of this skull is its pat- 
tern of breakage (produced by preparation at 
some previous time), permitting the internal 
diameter of the bony canals for the branches of 
the internal carotid artery to be estimated. 
These estimates were made from the curvature 
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Fig. 9. Photograph of resin cast made directly from the latex endocast ofthe CambridgeAdapisparisiensis skull. (A) Left 
lateral view, (B) dorsal view, (C) ventral view. Key: s.L, lateral sulcus; S.S., Sylvian sulcus (see Fig. 9 for more detailed 
labeling). Approximately 1.5 x natural size. 
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of the preservedportions of the canals, since the 
ventral parts are broken away. The canal for 
the internal carotid artery is about 0.5 mm in 
diameter where it enters the posterolateral 
corner of the auditory bulla. Once inside, the 
internal carotid canal divides into two 
branches, the stapedial branch being about 0.4 
mm in internal diameter, and the promontory 
branch being about 0.2 mm in diameter. Thus, 
in this specimen, the stapedial canal was ap- 
proximately twice the diameter and four times 
the cross-sectional area of the promontory 
canal. The stapedial canal continued on 
through the stapes, one of which is still in place, 
in an ossified tube. Most of the promontory 
canal was not enclosed in a bony tube, but its 
course is marked by a distinct groove on the 
promontorium. 

The Cambridge skull agrees with a skull of 
Adapis in Munich, Stehlin’s type of Adapis 
parisiensis schlosseri, in having the internal 
diameter of the stapedial canal larger than that 
of the promontory canal. In the Munich skull, 
however, the stapedial appears to have been 
only about twice the cross-sectional area of the 
promontory canal. A third skull, in Leuven, 
shows the opposite relation in having a stape- 
dial canal with only half the internal cross-sec- 
tional area of the promontory canal. In the one 
specimen of Notharctus (American Museum of 
Natural History no. 11466) in which the inter- 
nal diameter of the canals can be measured, the 
promontory canal is slightly more than twice 
the cross-sectional area of the stapedial canal 
(Gingerich, 1973). Thus there is significant 
variation in the relative sizes of the two 
branches of the internal carotid canal in 
adapids. The significance of this variation for 
primate systematics will not be clear until we 
have a better understanding of variation in the 
carotid canals of modern lemuroids. Conroy 
and Wible (1978) have shown that the promon- 
tory canal does not always carry a promontory 
branch of the internal carotid artery in extant 
lemuroids, and Hill (1953) found that the 
stapedial canal in Tarsius does not always 
house a stapedial branch of the internal carotid 
artery. These discoveries do not bear directly on 
the systematic interpretation of fossils, which 
are based on the canals in any case, but they do 
affect our interpretation of possible functional 
differences between the carotid circulatory pat- 
terns of various living and fossil prosimians. 

BRAIN SIZE AND MORPHOLOGY 

Brain size 
Endocranial casts of the brain ofAdapispari- 

siensis have been known for many years. Neu- 

mayer (1906), Le Gros Clark (1945), Piveteau 
(19581, Hofer (1962), Radinsky (1970, 1977), 
Jerison (19731, and Martin (1973) have all con- 
tributed to our understanding of the brain mor- 
phology ofAdapis. In spite of some attributions 
to the contrary, virtually all of our previous 
knowledge of the brain in Adapis is based on 
British Museum (Natural History) skull 
M.1345, the endocranial cast of which was first 
described by Le Gros Clark (1945). 

The Cambridge skull of Adapis parisiensis 
(M.538) has a well-preserved braincase (except 
for the absence of part of the skull roof in the 
right temporal region, Fig. lA), and the inte- 
rior was neatly prepared by someone in the 
past. It was therefore possible to make a latex 
endocast, following the technique used by 
Radinsky (1968), to reveal major external mor- 
phological features of the brain. Because the 
region of the skull housing the olfactory bulbs 
is so fragile, it was decided that this area should 
be sealed off prior to making the latex cast. The 
resulting latex endocast therefore lacks im- 
pressions of the olfactory bulbs, and it is incom- 
plete in the right temporal region. The endocast 
was allowed to cure and then was used to make 
a resin cast (Fig. 9), which was subsequently 
reworked. In order to obtain a reasonably reli- 
able cast of the whole brain, the resin cast was 
carefully pared down and then reconstructed 
with modeling clay (Fig. 10). The incomplete 
right temporal region was reconstructed as a 
mirror image of the left, while the olfactory 
bulbs were built up to match the size indicated 
by x-rays (Fig. 11) and by direct examination of 
the skull. The complete braincast thus obtained 
permits observations on overall size relative to 
estimated body size, and on specific external 
morphological features. 

The cranial capacity of a well-prepared skull 
can be measured directly with a suitable pack- 
ing material in order to  obtain a measure of 
overall brain size. Martin (1973) measured the 
cranial capacity of the British Museum (Natural 
History) skull M.1345 with mustard seed, ar- 
riving at  a figure of 8.8 cm3. Similarly, the 
cranial capacity of the Cambridge skull has 
been measured with small sintered glass parti- 
cles, giving the same value of 8.8 cm3 (Martin, 
1980). However, these figures both exceed the 
values obtained (8.0 cm3 and 8.1 cm3, respec- 
tively) when the two available endocasts are 
measured by water displacement, which indi- 
cates that some shrinkage has occurred during 
the preparation of both. Hence, a figure of 8.8 
cm3 for the cranial capacity ofAdapis parisien- 
sis should be taken in conjunction with the pre- 
viously estimated average body weight of 2.0 
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Fig. 10. Reconstructed brain cast of Adapis parisiensis, 
in (A) right lateral view, (B) dorsal view, (C) ventral view. 
Reconstructed regions indicated by stippling. Key: am., roots 
of auditory nerve (VIII) and facial nerve (VII); c., cerebral 
hemisphere; f., flocculus of cerebellum; f.l.p., posterior lacer- 
ate foramen transmitting the internal jugular vein, glos- 
sopharyngeal nerve (IX), vagus nerve (XI, and accessory 
nerve (XI); h., hypophysis (pituitary); i.l.s., inferior lateral 
sinus; i.p.s., inferior petrosal sinus; 1.1., lateral lobe of ce- 

rebellum; l.s., lateral (transverse) sinus; m.o., medulla ob- 
longata; o.b., olfactory bulb; on., optic nerve passing to optic 
foramen; o.v., opthalmic vein, oculomotor nerve (1111, 
trochlear nerve (IV), trigeminal nerve (V), and abducens 
nerve (VI), transmitted through the anterior lacerate fora- 
men; p.]., pyriform lobe; p.s.f., parietosquamosal foramen; 
S.C., spinal mrd; S.S., Sylvian sulcus; v.c., vermis of cerebel- 
lum. Approximately 1.5 x natural size. 
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Fig. 11. X-rays of Cambridge Adapis prisiensis skull, in (A) dorsaliventral view, (B) lateral view, (C) anterior/posterior 
view, and (D) oblique lateral view. Approximately natural size. 
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kg for examination of relative brain size in this 
species. 

Radinsky (1977) calculated the size of the 
original Adapisparisiensis endocast as 9.0 cm3 
(apparently using water displacement) while 
Jerison (1973) used double graphic integration 
to arrive at a figure of 9.6 cm3 (see also Jerison, 
1979). Both of these values would appear to be 
overestimates in light of our new information 
from the Cambridge skull. Unfortunately, 
there is no endocast of Adapis magnus avail- 
able as yet (the endocranial cast of “Adapis 
mugnus” illustrated by Piveteau, 1957, is in 
fact the Adapis parisiensis cast originally de- 
scribed by Le Gros Clark in 1945). 

Encep ha1 izati on 
Using the approach developed by Jerison 

(1973), one can compare brain:body size rela- 
tionships in Adapis with those in living pri- 
mates and other mammals by calculating an 
encephalization quotient (EQ) using the follow- 
ing formula: 

cc 
0.12 (BWYP 

EQ = ~ 

where CC = cranial capacity (cm3) for a given 
species, and BW = body weight (gm).  It should 
be noted that Martin (1980) has demonstrated 
that cranial capacity may be directly equated 
with brain weight on the basis of an empirical 
relationship determined for 36 extant nonhu- 
man primate species. 

Substituting the values given above into 
Equation 6, the EQ of Adapis parisiensis is 
estimated at 0.45. This value is greater than 
that of 0.39 calculated by Radinsky (19771, but 
it is considerably below the values of 0.53-0.58 
determined by Jerison (1973, 1979). Since the 
range of EQ values for living prosimian species 
(N = 18; Stephen et al., 1970) is 0.67 to 1.90, it is 
clear that Adapis parisiensis had a smaller 
brain relative to its body size than do any mod- 
ern prosimians. Extant Lemur fuluus, with a 
body weight of 1,400 gm, has an EQ of 1.55, 
which is well above that determined for Adapis 
parisiensis. Thus, when Adapis parisiensis is 
compared to the most relevant models among 
living prosimians, medium-sized diurnal le- 
murs, it is seen to be considerably more primi- 
tive in terms or” relative brain size. 

While considering size relationships, it is 
again interesting to examine the foramen 
magnum and, by inference, the caliber of the 
spinal cord. It has been shown above that use of 
the empirical relationship between foramen 
magnum area and body size determined from 

modern nonhuman primates to predict body 
weight in Adapis leads to serious underestima- 
tion by comparison with estimates from other 
skull measures (for Adapisparisiensis foramen 
magnum area suggests a body weight 2W0 of 
that accepted from Table 3, for A. magnus it is 
only %lo%). If, on the other hand, we take the 
empirical relationship between cranial capac- 
ity (CC, in cm3) and foramen magnum area (FA, 
foramen magnum height in millimeters multi- 
plied by foramen magnum width in millime- 
ters) for a sample of 48 extant nonhuman pri- 
mate species, we can see whether the cranial 
capacity of Adapis can be correctly predicted 
from the following major axis formula: 

This relationship indicates a cranial capacity of 
8.2 cm3 for Adapis parisiensis, which is 93% of 
the accepted value of 8.8 cm3. Hence, when 
early fossil relatives are included in the pic- 
ture, the relationship between foramen mag- 
num area and brain size appears to be more 
consistent than that between foramen magnum 
area and body size. 

An interesting implication of this finding, 
assuming Adapis parisiensis is representative 
of Eocene primates, is that the cross-sectional 
area of the foramen magnum has expanded in 
line with brain expansion during the course of 
primate evolution. Unfortunately, we do not 
know the exact relationship between the cali- 
ber of the spinal cord and the area of the fora- 
men magnum. The only published analysis (by 
Jerison, 1973) was confined to a total sample of 
four insectivores and prosimians and was based 
on measurements of scaled photographs of fixed 
brains with short sections of spinal cord at- 
tached that were compared to matching endo- 
casts figured by Bauchot and Stephan (1967). 
However, it seems likely that there is some 
fairly close relationship between cross-sec- 
tional area of the spinal cord at its origin and 
foramen magnum area, and it is accordingly 
likely that during primate evolution expansion 
of the brain has been accompanied by increase 
in girth of the spinal cord. For this reason, use 
of foramen magnum area as an indicator of 
body size, which is questionable in a compari- 
son limited to extant species, is possibly even 
less suitable when fossil forms are involved. 

Brain morphology 
In addition to the relative size of the brain, 

other aspects of its morphology are important. 
The new endocast from the Cambridge skull of 
Adapis shows a longitudinal lateral sulcus to 
be well developed (Fig. 91, as Le Gros Clark 
(1945) originally noted in the British Museum 

log,,, CC = 1.69 log,, FA - 2.10 [r = 0.981 (7) 
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specimen. A Sylvian sulcus is present separat- 
ing the temporal and frontal lobes of the cere- 
brum in the Cambridge skull, although it is less 
well marked than in the British Museum 
specimen. The major difference between the 
Cambridge and British Museum endocasts is in 
the relative size of the frontal lobes of the cere- 
brum. The Cambridge skull itself is undis- 
torted in this area, but careful examination of 
the original British Museum skull indicates 
that it is broken and possibly somewhat de- 
formed (impacted) in the frontal region. There- 
fore the broad flattened appearance of the fron- 
tal lobes in the endocast described by Le Gros 
Clark (1945) may be an artifact of postmortem 
damage, which would at  the same time have 
accentuated demarcation of the frontal lobes by 
the Sylvian sulcus (cf. Radinsky, 1970). The 
Cambridge endocast has smoother and less-ex- 
panded frontal lobes than those previously il- 
lustrated for Adapis parisiensis. 

The new endocast can be compared in detail 
with a natural endocast of the notharctine 
Smilodectes gracilis described by Gazin (1965). 
Labeling in Figures 9 and 10 has been matched 
as closely as possible to that used by Gazin in 
order to facilitate comparisons. In both Adapis 
parisiensis and Smilodectes gracilis, the cere- 
brum is basically lissencephalic or smooth ex- 
cept for the presence of the lateral sulcus, which 
is clearly marked in both species. The rhinal 
fissure marking the division between neopal- 
lium and paleopallium was probably located 
low down on the temporal lobe. Its position is 
suggested, in both Adapis and Smilodectes, by 
the presence of a sinus (inferior lateral sinus of 
Bauchot and Stephan, 1967) running from the 
cranio-orbital foramen backward to the post- 
glenoid foramen. In modern lemurs the rhinal 
fissure is usually located at the level of the 
inferior lateral sinus, which is also found on 
endocasts of modern lemurs (Radinsky, 1974). 
This indicates that expansion of the neopallium 
was already moderately well developed in 
Eocene adapids, and the temporal lobes are cor- 
respondingly quite prominent. 

There is moderate backward expansion of the 
occipital poles of the cerebral hemispheres in 
Adapis parisiensis and Smilodectes gracilis, 
where these cover all or most of the mesenceph- 
alon but only just touch the cerebellum. In both 
Adapis andsmilodectes, division of the cerebel- 
lum into a central vermis and two lateral lobes 
can be clearly recognized, and the roots of the 
flocculi can be identified on either side. 

The endocast of Smilodectes gracilis differs 
from that of Adapis parisiensis in lacking an 
obvious Sylvian sulcus and in its more globular 

overall shape, but otherwise the two species 
resemble each other quite closely. Radinsky 
(1970) indicates that the olfactory bulbs in 
Smilodectes are small, while those preserved on 
the original endocast of Adapis parisiensis 
(produced by direct casting) are pedunculate 
and quite large. The olfactory bulbs on the new 
endocast (reconstructed from x-rays) are also 
pedunculate and large. When approximate 
measures of olfactory bulb volume derived from 
the two Adapis parisiensis endocasts are plot- 
ted against body weight, it is found that they 
fall into the range of modern nocturnal insec- 
tivores and prosimians (see Martin, 1979: Fig. 
lo), so there is no indication of a reduction of 
olfactory bulb size relative to body size in 
Adapis, despite its apparent adoption of diur- 
nal habits. 

Sinus canals are identifiable on the endo- 
casts of both Adapis parisiensis and Smilo- 
dectes gracilis. To a large extent, these follow 
the expected pattern with clearly marked can- 
als over the temporal lobes (as noted above) and 
identifiable inferior petrosal sinuses and lat- 
eral (transverse) sinuses (Fig. 10). In both spe- 
cies, there is a single large foramen on either 
side of the skull, lying at the junction between 
the parietal and squamosal bones just anterior 
to the nuchal crest (see Fig. 3B). These fo- 
ramina open into well-defined grooves run- 
ning posteriorly. The endocasts show that on 
the inside of the braincase the foramina com- 
municate with the upper end of the lateral 
(transverse) sinus, and it seems likely that in 
Smilodectes and Adapis there was a large-cali- 
ber venous sinus passing through the skull roof 
a t  that point. Le Gros Clark (1934) reported 
similar sinus canals for the European adapid 
Pronycticebus, and they are equally prominent 
inAdapis magnus and in species ofNotharctus. 

In modern prosimians, parietosquamosal fo- 
ramina are either quite small or completely 
lacking. In a sample of Hapalemur griseus ex- 
amined in Leiden, 15 skulls were found to have 
small emissary foramina exposed in the same 
approximate position as in Adapis. In one 
specimen, the foramen is present only on the 
right side, in another it is present only on the 
left side, and in a third the foramina are com- 
pletely lacking. The foramina are usually lo- 
cated between the parietal and squamosal 
bones, but one specimen of Hapalemur griseus 
has foramina located well up on the parietals of 
both sides. 

It is difficult to explain the presence of large 
parietosquamosal foramina in Adapis, beyond 
noting that they apparently communicate with 
the lateral venous sinus and that they are 
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prominent in all known adapid species. Large 
parietosquamosal foramina are a primitive 
trait in a number of mammalian groups, and it 
is possible that there is some relationship to 
relative brain size. As brain size increases, re- 
routing of the contents of the parietosquamosal 
canals may occur, leading to their declining 
importance and disappearance. It should also 
be remembered that species of Adapis had a 
small foramen magnum, relative to body size, 
and this may have favored alternative routes 
for cranial blood vessels. It is at present impos- 
sible to be sure what passed through the pari- 
etosquamosal canals in adapids, and even as- 
suming that these were occupied by venous 
blood vessels, it is not clear whether blood 
would have been flowing into the skull or out of 
it. If venous blood vessels traversed the parieto- 
squamosal foramina, they may have drained 
either the brain or an enlarged temporalis 
musculature. 

DISCUSSION 

Adapis parisiensis is among the best-known 
Eocene primates in terms of its dental and cra- 
nial anatomy, although its postcranial skeleton 
is not yet well known. Because of the lack of 
reliable evidence about postcranial anatomy, 
estimates of body weight in both Adapisparisi- 
ensis and A .  magnus must be derived from 
skulls and teeth. Comparative analysis of sam- 
ples of 36-48 modern primate species shows 
that five different cranial measurements can 
provide reasonable predictions of body weight 
(M’ length x width, cranial length, bizygo- 
matic width, internal zygomatic length, and 
occipital condyle area), although problems may 
be encountered, especially using skull mea- 
surements, when significant sexual dimor- 
phism is present. Taking these five parameters 
into consideration, we estimate an average 
body weight of 2.0 kg for Adapisparisiensis and 
an average body weight of 8.4-9.0 kgforAdapis 
magnus. Males apparently weighed about 2Wo 
more than average, and females weighed about 
20% less than average in each species. Consid- 
ering their body size alone, it is almost certain 
that Adapis species were frugivorous and/or 
folivorous (Kay, 1975). Shearing crests rather 
than planar grinding areas predominate on the 
molars of Adapis, indicating that this genus 
was probably largely folivorous. 

The Cambridge Adapis parisiensis skull de- 
scribed here is of special interest for a number 
of reasons. It is remarkable both in its com- 
pleteness and in the preservation of numerous 
clearly marked sutures, despite full eruption of 
the adult dentition. Previous preparation ex- 
posed the inside of the braincase, permitting 

manufacture of a new endocast that shows rela- 
tively less-expanded frontal lobes than the pre- 
viously described Adapis endocast. Both audi- 
tory bullae are also well exposed. Clear preser- 
vation of sutures in the medial orbital wall 
indicates the presence of an ethmoid element or 
“0s planum,” previously unreported for any 
early Cenozoic fossil primate. Work reported 
separately (Gingerich, 1981) indicates that 
both Adapis parisiensis and Adapis magnus 
were sexually dimorphic, and the Cambridge 
skull is interpreted to represent a male indi- 
vidual. 

An average body weight of 2.0 kg in Adapis 
parisiensis and a cranial capacity of 8.8 cm3 
(based on the endocast described here, as well 
as that in the British Museum) yields an en- 
cephalization quotient (EQ) of 0.45. This falls 
within the range of encephalization of progres- 
sive Eocene ungulates and carnivores (Radin- 
sky, 1978), but it is clearly below the range 
established for modern prosimians (0.67- 1.90, 
Stephan et al., 1970). The encephalization quo- 
tient of Adupis parisiensis is also well below 
that estimated for Oligocene Aegyptopithecus 
(average 0.85, Gingerich, 1977; average 0.69- 
0.87, Kay and Simons, 1980). 

Foramen magnum area appears to be more 
closely related to brain size than to  body size 
when evolution over long periods of time 
(Eocene-Recent) is considered. Expansion of 
the brain during primate evolution appears to 
have been accompanied by expansion of the 
foramen magnum, which is probably indicative 
of increasing girth of the spinal cord. The impli- 
cations of this for increasing locomotor sophis- 
tication during primate evolution are consider- 
able but remain to be explored in detail. 

The external morphology of the brain of 
Adapis parisiensis reveals a number of inter- 
esting features, many of which parallel those 
already reported in Srnilodectes gracilis (Gazin, 
1965). The temporal lobes of the brain are well 
developed, with the rhinal fissure apparently 
located well down on the side of the brain. 
There is a clearly defined lateral sulcus, and 
the cerebrum overlaps the mesencephalon but 
not the cerebellum. Adapis and Smilodectes 
share a similar pattern of sinus canals. One 
peculiar feature also shared by both, and by all 
other adapids for which appropriate cranial 
material is available, is a connection on either 
side between the dorsal part of the lateral 
(transverse) sinus and a large parietosquamo- 
sal foramen opening into a backward-running 
groove. No large foramina are found in this po- 
sition among living primate species, although 
variable small emissary foramina are present 
in some genera (e.g., Hapalemur). The func- 
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tional importance of this feature of Adapidae is 
not clear, but there is possibly some connection 
with the relatively small size of the brain or 
with the small caliber of the foramenmagnum. 

The Cambridge endocast of Adapis parisien- 
sis differs from the original British Museum 
endocast described by Le Gros Clark (1945) in 
the conformation of the frontal lobes. Compari- 
son of the original skulls indicates that the 
frontal region of the British Museum skull is 
crushed slightly, especially on the left side. Ac- 
cordingly, i t  would appear that the broad, 
sharply demarcated conformation of the frontal 
lobes in the original endocast is an artifact of 
postmortem damage. Both endocasts ofA. pari- 
siensis exhibit a true Sylvian sulcus, which is 
virtually universal among modern primates 
(Elliot Smith, 1903; Radinsky, 1970; Martin, 
1973). This sulcus appears to be lacking in 
Smilodectes gracilis, however, and it is possible 
that Adapinae and Nothardinae differ in this 
respect (a possibility that requires confirma- 
tion on endocasts from other species). In addi- 
tion, it appears that Adapis parisiensis had 
relatively large olfactory bulbs, whereas 
Smilodectes gracilis had significantly reduced 
olfactory bulbs (Radinsky, 1970). Thus, there 
do seem to be a number of significant differ- 
ences between adapines and notharctines in 
brain morphology. Overall, the endocasts of 
Adapis parisiensis and Smilodectes gracilis 
indicate that the brains of these Eocene species 
were primitive with respect to those of virtually 
all modern primates. 

A partial primate skeleton has recently been 
described from the middle Eocene at Messel, in 
Germany (von Koenigswald, 1979). This has 
been assigned to Adapinae on the basis of its 
size, age, and geographic location, but there is 
no cranial or dental evidence associated with 
the specimen that would permit more precise 
identification. The skeleton indicates that a t  
least one adapine species had grasping feet and 
calcanei with elongated anterior segments. 
Adapis is unusual in having a relatively short 
anterior calcaneal segment (Martin, 1979). A 
better knowledge of the postcranial skeleton of 
Adapis would improve our understanding of 
the adaptations and paleobiology of this genus, 
but based on present evidence we conclude that 
Adapis species were medium-sized, visually 
oriented, diurnal, sexually dimorphic arboreal 
folivores. 
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