








































DAWSON : PROLAGUS SARDUS 

FIG. 22. - Composite lefL metacarpals, a. proximal, x 6, b. anterior, x 3. 
Based on specimens from Monte San Giovanni . 
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FIG. 23. - Left metacarpal II, a. anterior, b. posterior, c. lateral, d. medial, x 3, 
e. proximal, f. distal, x 6. 
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FIG. 24. - Left metacarpal Ill, positions and magnification as in Fig. 23. 
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FIG. 25. - Left metacarpal IV, positions and magnification as in Fig. 23. 
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FIG. 26. - Left metacarpal V, positions and magnification as in Fig. 23. 
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FIG. 27. - Left innominate, a. lateral, b. dorsal, c. ventral, x 1 ½· 
Based on: Tavolara-Ty. 7119, Ty. 7124. 
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similarity being especially noticeable in the angle between pubis and ischium, 
shape of the obturator foramen, ana the lack of a leporid-like posterior expan­
sion of the ischium. In detail, however, the innominate of Prolagus has several 
distinctive features, especially in the iliac blade and the ischial tuberosity. Two 
well marked anteroposterior ridges divide the lateral surface of the ilium into 
three parts, one facing ventrolaterally, one laterally, and the third dorsally. 
The ventral ridge runs anteriorly from the iliac tubercle (inferior anterior spine 
of Craigie) and bends laterally to form a prominent hook. The dorsal ridge 
runs dorsoanteriorly to the thickened anterodorsal border of the ilium. The 
iliac surface is concave between the two ridges. An early stage in the develop­
ment of these ridges occurs in the late Miocene species Prolagus oeningensis, in 
which a ventral ridge extends forward from the tubercle into the ventral fossa, 
not quite contacting the main, more anteriorly commencing ventral ridge. The 
dorsal ridge is present but weak, and the iliac blade is only slightly convex 
between the two main ridges. In Ochotona the iliac blade has only one 
prominent anteroposterior ridge that begins farther anteriorly than the ventral 
ridge in Prolagus, extends anteriorly and forms a more prominent laterally 
projecting hook. In the fossa ventral to this ridge a faint line extends forward 
from the iliac tubercle marking the dorsal margin of attachment of the iliacus 
muscle. The ilium of Recent leporids has a faint ridge from the tubercle across 
the ventral fossa, but basically the iliac blade forms a wide, laterally convex 
surface. The iliac tubercle is more prominent in Prolagus than in Ochotona, 
and quite different in both ochotonids from the more flattened tubercle of 
Recent leporids. Posterior to the tubercle is a roughened area, probably for 
muscle attachment. The pubis is thickened at the symphysis, and some large 
and possibly old individuals show that there was interlocking and perhaps 
some fusion, making this a stronger joint than in Ochotona. The ischial 
tuberosity is thick dorsally and ventrolaterally, with the ventrolateral thic­
kening extending farther ventrad than in Ochotona. The tuberosity does not 
protrude dorsally as markedly as that in Romerolagus but has a shape more 
similar to that in Romerolagus than to that of Oryctolagus. The structure 
suggests stronger flexors of the thigh than in Ochotona. 

The femur (Fig. 28) is a sturdy element with a shaft that is straight in 
side view as in Ochotona. The femoral shaft in Recent leporids is convex 
anteriorly. The greater trochanter rises relatively farther above the head than 
in Ochotona and even somewhat farther than in Romerolagus. The most 
characteristic feature is the relatively low position of the strong third tro­
chanter, which is farther distad than in Ochotona or in Recent leporids. 

The shaft of the stoutly built tibiofibula (Fig. 29) is slightly convex 
medially as is that of Romerolagus. It is straighter than in Ochotona but more 
bowed than in such Recent leporids as Oryctolagus and Lepus. As in Ochotona 
the cnemial crest is relatively longer than that in Recent leporids. This crest 
seems to lack the distal protrusion found in Ochotona. The free part of the 
fibula is relatively more robust proximally than in Romerolagus. The distal 
end of the tibiofibula is especially massive relative to that in Recent leporids. 
Facets for articulation with astragalus and calcaneum are well developed, 
approximately as in Romerolagus although the astragalar articulation is rela-
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tively wider transversely than in Recent leporids. Ochotona has somewhat 
weaker grooves for astragalar contact. 

a f 

FIG. 28. - Left femur, a. anterior, b. posterior, c. lateral, d. medial, e. proximal, 
f. distal, x I. 

Based on: Tavolara-Ty. 7131 , Ty. 7139, Ty 7140. 
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FIG. 29. - Left tibiofibula, a. anterior, b. posterior, c. lateral, d. medial, e. proximal, 
f. distal, x 1. 

Based on: Tavolara-Ty. 7152, Ty. 7155, Ty. 7158. 

The tarsals are basically similar to those of Ochotona but with a few 
differences suggesting an approach to a more leporid-like tarsus. On the 
astragalus (Fig. 30) the neck is relatively longer than in Ochotona, approaching 
the relative proportions of Romerolagus. The medial malleolus rises somewhat 
higher than in Ochotona although less high than in Recent leporids. A distinct 
groove and ridge on the anterolateral surface of the neck is more distinct in 
Prolagus than in either Ochotona or leporids. The facet on the plantar surface 

- 180 -



a b 

~ 
e~ 

DAWSON : PROLAGUS SARDUS 

FIG. 30. - Left astragalus, a. medial, b. anterior, c. posterior, d. lateral, e. proximal, 
f. distal, x 3. 

Based on specimens from Monte San Giovanni. 

FIG. 31. - Left calcaneum, a. anterior, b. posterior, c. lateral, d. medial, x 3. 
Based on specimens from Monte San Giovanni. 
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FIG. 32. - Left navicular, a. medial, b. anterior, c. posterior, d. lateral, e. proximal, 
f. distal, x 3. 
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Based on specimens from Monte San Giovanni. 
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FIG. 33. - Left cuboid, a. medial, b. anterior, c. posterior, d. lateral, e. proximal, 
f. distal, x 3. 

Based on specimens from Monte San Giovanni. 
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FIG. 34. - Left metatarsal II, a. anterior, b. posterior, c. medial, d. lateral, x 3, 
e. proximal, f. distal, x 6. 

Based on specimens from Monte San Giovanni. 
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FIG. 35. - Left metatarsal lll, a. anterior, b. postei.ior, c. lateral, d. medial, x 3, 
e. proximal, f. distal, x 6. 

Based on specimens from Monte San Giovanni. 

for articulation with the sustentaculum tali is more deeply concave than in 
Ochotona. The head resembles that in Romerolagus in width, being transver­
sely narrower than in Ochotona. On the calcaneurn (Fig. 31) the knob for 
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FIG. 36. - Left metatarsal IV, a. anterior, b. posterior, c. medial, d. lateral, x 3, 
e. proximal, f. distal, x 6. 

Based on specimens from Monte San Giovanni. 
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Frn. 37. - Left metatarsal V, a. anterior, b. posterior, c. medial, d. lateral, x 3, 
e. proximal, f. distal, x 6. 

Based on specimens from Monte San Giovanni. 

astragalar and fibular articulation resembles that in Romerolagus in having 
two distinct facets for the astragalus rather than one continuous facet as in 
Ochotona. The tuber is transversely wider than in Ochotona. The shape of the 
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navicular (Fig. 32) is more like that in Romerolagus than in Ochotona in that 
the posterior process is long, relatively even longer in Prolagus than in 
Romerolagus. The notch for cuboid articulation is relatively deeper than in 
Romerolagus. As in Ochotona there is no navicular-calcaneum contact such 
as occurs in Recent leporids. The bodies of both navicular and cuboid 
(Fig. 33) are relatively shorter proximodistally than in Romerolagus. No third 
cuneiform is represented. As in Ochotona the second cuneiform is fused to 
the proximal end of metatarsal II. The metatarsals (Figs. 34-37) are similar to 
those in Ochotona in most features, although metatarsal II does not protrude 
medially so much at its proximal end and metatarsal V does not have such a 
marked proximal protrusion. 

DISCUSSION 

ADAPTIVE FEATURES OF Prolagus sardus. 

There are relatively few features in which Prolagus sardus shows strong 
indications of what its mode of life and adaptations might have been. 
However, P. sardus does have some characters that can be interpreted with a 
degree of certainty. In the skull the basicranial-basifacial bending indicates 
that the head was held somewhat more upright than in Ochotona, though 
less so than in Romerolagus. Another line of evidence favoring this posture 
comes from some expansion of the supraoccipital onto the skull roof, which 
suggests strengthened neck muscles. However, the muscles were not developed 
nearly so well as in Recent leporids, in which the posterior part of the skull 
is much more greatly modified in this direction. The slightly widened internal 
nares of Prolagus might suggest greater endurance than in Ochotona. The 
somewhat leporid-like condyle of P. sardus suggests that chewing motions 
affecting the cheek teeth may have had an important transverse component as 
in leporids. The incisors of P. sardus are highly characteristic. The lateral 
thickening of upper and lower incisors and position of the lower incisor 
provide relatively well developed lateral cutting edges, and it may be that 
movements of the incisors transversely were important in Prolagus. The 
adaptive significance of this incisor specialization is not known at present. 

In the postcranial skeleton some of the differences from Ochotona in 
degree of development of various structures are difficult to access because they 
might reflect differences related to size, Prolagus being larger than Ochotona. 
However, morphological differences from Ochotona that seem to be especially 
significant occur in the scapula and humerus, and in the lumbar vertebrae, 
sacral vertebrae, innominate, and femur. Scapula and humerus have characters 
indicating a greater muscular development than in Ochotona. This is shown 
especially by the subequal supraspinous and infraspinous fossae, by presence 
of acromion as well as metacromion processes of the scapula, by very pro­
minent greater tuberosity for insertion of the supraspinatus and infraspinatus 
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muscles and for origin of the triceps brachii, and by expanded area for muscle 
attachment below the greater tuberosity and on the long deltoid crest. 

Enlargement of processes of the lumbar vertebrae and outward flare of 
the transverse processes of the first sacral vertebrae suggest strengthening of the 
hind limb. The latter character is somewhat reminiscent of the progressively 
developed flare in leporids that seems to have accompanied increased thrust of 
the hind limb as the typically leporid cursorial modifications.- developed. 
Prolagus sardus has not developed in the direction of cursorial specialization 
but possibly the flare can be interpreetd also as a response to strong hind limbs. 
The characteristically ridged ilium is not found in any living lagomorphs and 
thus cannot be compared directly for adaptive significance. However, the dorsal 
ridge of the ilium may indicate strengthened origin for part of the gluteal 
musculature, especially the gluteus maximus and gluteus medius. The separa­
tion of the iliac surface into distinct parts suggests that the different parts 
of the gluteal group had more independent action resulting in a greater range of 
movements than in leporids, in which the gluteal mass is concentrated toward 
action resulting in retraction of the thigh. The strong, relatively distally situated 
third trochanter of he femur, serving for insertion of the gluteus maximus, 
suggests that this muscle was strong, and the well developed greater trochanter 
might indicate a similarly strong gluteus medius. 

When proportions of the limbs are compared, specimens of Prolagus 
sardus from different localities show considerable variation (Table 1). The 
most significant difference from Ochotona seems to be in the shorter forelimb 
relative to hind limb, the humerus shorter relative to length of femur but 
radius longer relative to length of humerus. In these proportions Prolagus 
approaches Romerolagus more closely than Ochotona. 

TABLE 1 

Relative lengths of limb bones of Romerolagus diazi , Ochotona princeps, 
and Prolagus sardus. 

Romerolagus Prolagus • Prolagus • Ochotona 
Tavolara Monte San 

Giovanni 

humerus + radius 
femur + tibia 

.72 .71 .74 .65 

radius 
.87 .89 .87 .77 

humerus 

femur .90 .89 .92 .89 
tibia 
radius 

.64 
tibia 

.64 .66 .62 

humerus 
.81 .80 .83 .91 femur 

* Based on means from Tobien (1935). 

In total, the structural features that can be interpreted adaptively are not 
many, nor do they show extreme developments. Indications of well muscled 
fore- and hind limbs point toward an interpretation of Prolagus sardus as a 
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small, well muscled quadruped with a somewhat upright position of the neck 
and with the capability of a wider range of limb movements than in Recent 
leporids. The range of movments was probably more comparable to that in 
Oligocene leporids such as Palaeolagus and Megalagus. Prolagus was probably 
not suited for speed over any great distance but was probably fairly adept at 
digging and well adapted for climbing and scrambling in the rough terrain that 
characterizes much of the Corsican and Sardinian countryside. The recon­
structed skeletons of Prolagus sardus (Fig. 38, Pl. 1) are presented in what 
seem to be reasonable resting positions for this ochotonid. 

CHARACTERS OF THE OCHOTONIDAE AND OF PRIMITIVE LAGOMORPHS. 

Comparisons of Prolagus sardus with such Tertiary ochotonids as Sino­
lagomys (Bohlin, 1942, 1946) and Kenyalagomys (Macinnes, 1953) on the 
one hand and with Recent Ochotona on the other reveal structures that can be 
regarded as characteristically ochotonid in nature. Dental features character­
izing the ochotonids include the non-molariform P3 , tendency toward sepa­
rate trigonid and talonid columns of P4-M2, and reduction or loss of M3~. In 
addition, the following characters of skull and jaw seem to be basically features 
of fossil and Recent ochotonids: 1) zygoma sturdily constructed anteriorly and 
contacted by maxillary tuberosity; 2) palate with premolar foramen and 
shortened maxillary component of the bony palatal bridge; 3) distinct groove on 
posterior zygomatic root suggesting well developed temporalis muscle rela­
tive to that in leporids: 4) symphysis of jaw without posterior buttress that oc­
curs in leporids. One of these four characters occurs in known leporids. The 
postcranial skeleton of Prolagus sardus, though having a number of features 
of general similarity to Ochotona, has fewer features that can be regarded as 
definiteiy basic to the ochotonids. However, the anteroposteriorly wide trans­
verse processes of the lumbar vertebrae, fused spines and processes of the 
sacrum, and shape of ischium and pubis are probably characteristically ocho­
tonid features. 

Prolagus sardus also has a number of features in which it differs from 
Ochotona and approaches conditions found in some leporids. Some of these 
may represent features that are primitive for lagomorphs in general while 
others may be developed in parallel within the two families. Interpretation of 
some of these features is difficult because relatively few Tertiary ochotonid 
remains other than jaws and dentitions have been described, thus making 
difficult determination of whether primitive characters of adaptive parallel­
izations are concerned. An arched appearance of the skull, due in part to 
bending at the basicranial-basifacial angle and in part to doming of the brain­
case, is characteristic of the Leporidae but is much less distinctly developed in 
Oligocene and early Miocene leporids than in Recent members of the family. 
Presence of a similar sort of arching in Prolagus sardus may suggest that 
the primitive condition for lagomorphs was a somewhat more arched skull 
than in Recent Ochotona. However, the ochotonid Kenyalagomys of the 
African Miocene (Macinnes, 1953) seems to have had a relatively flat skull 
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with little bending at the basifacial-basicranial angle. Thus, the arched con­
dition of Prolagus may have developed in parallel to the arching of leporids. 
Both P. sardus and Kenyalagomys show some expansion of the supraoccipital 
onto the dorsal skull roof, although much less than in Recent leporids. Early 
leporids are variable in this character, the supraoccipital having less expansion 
in Palaeolagus haydeni than in P. hypsodus, for example (Dawson, 1958, p. 
25). Development of the supraoccipital is tied in closely to development of 
the neck muscles. It seems likely that muscle strengthening has occurred in 
Prolagus and Kenyalagomys in parallel to strengthening of those muscles in 
leporids, among which the strengthening reached a greater development than 
in any known ochotonid. Other features of the skull of Prolagus sardus some­
what reminiscent of leporids are : 1) the relatively large orbit; 2) fenestration of 
the maxilla below the dorsal, typically ochotonid, opening; 3) relatively well 
developed squamosal above the auditory meatus and dorsal exposure of the 
mastoid; 4) relatively long auditory meatus; 5) presence of an external carotid 
foramen. Prolagus sardus shares with primitive leporids and ochotonids 
presence of two mental foramina of the jaw. The shape of the condyle 
resembles that in leporids more closely than that of Ochotona. Of these 
leporid-like characters, the relatively large orbit, maxillary fenestration, and 
two mental foramina are found in Kenyalagomys as well as in Prolagus sardus. 
It seems reasonable that these characters were found in primitive lagomorphs 
though lost in Ochotona. Prolagus and Palaeolagus are similar in having a 
well developed process of the squamosal dorsal to the auditory meatus, dorsal 
exposure of the mastoid, and a longer auditory meatus than in Ochotona. This 
may represent the primitive condition for lagomorphs, differing both from 
the posteriorly low skull of Ochotona and from the highly modified posterior 
end of the skull of Recent leporids, with its attachments for strong neck 
muscles. The external carotid foramen occurs in Palaeolagus, Recent leporids, 
and Prolagus. Again, lack of evidence from Tertiary ochotonids prohibits cer­
tainty, but the evidence available suggests that this foramen occurred in primi­
tive lagomorphs. In the postcranial skeleton the sub-equal supraspinous 
and infraspinous fossae of the scapula and development of the scapular spine 
of P. sardus are found also in primitive leporids and probably represent the 
ancestral condition. 

Frequently the genus Ochotona is cited as a primitive lagomorph. Cer­
tainly it does lack the specializations of Recent leporids for a cursorial mode 
of life. However, this does not prove that Ochotona is primitive - that is, 
closer to the ancestral condition - in all regards. Indeed, several of the fea­
tures mentioned above as probably representing truly ancestral conditions 
are not present in Recent Ochotona. It has been suggested by others (Bohlin, 
1942, p. 82, and references cited there) on other grounds that the skull of 
primitive lagomorphs may have been more like that of Lepus than of Ochotona. 
Certainly the evidence presented here does not give rise to an image of the 
primitive lagomorph as being Lepus-like. It does suggest, however, that such 
a primitive lagomorph would also not be entirely Ochotona-like and that it 
would probably have some features that are now associated with the Recent 
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Leporidae and lost in the Ochotonidae. Characters of Ochotona such as the 
bulla filled with spongy bone, maxillary tuberosity with M2 free, and single 
mental foramen are probably specializations of the line of Ochotona. Ocho­
tona does not simply show a primitive lagomorph state but has its own spe­
cializations for its own particular adaptive niche. 
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PLATE I 

Reconstructed skeleton of Prolagus sardus from Corbeddu Cave, Sardinia, 
mounted by Daniel Oppliger. X 1. 
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