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navicular (Fig. 32) is like that in ROlllero/agus than in Ocholona in that 
the posterior process is long, reJatively even longer in Pro/agus th an in 
Romeralagus. The notch for cuboid articulation is relatively deeper than in 
Ramera/agas. As in OcilOlollO there is no navicular-ealcaneum contact such 
as occurs in Recent leporids. The bodies of both navicular and cuboid 
(Fig. 33) are relntively shorter proximodistalJy than in Romero/agus. No third 
cuneiform is represented. As in O chotolla the second cuneiform is fused to 
the proximal end of metatarsal II. The metatarsals (Figs. 34-37) are similar to 
those in Ochotolla in most features, although metatarsal II does Dot protrude 
mcdially so much at its proximal end and metatarsal V does not have such a 
rnarked proximal protrusion. 

DISCUSSION 

ADAPTlVB FBATURES OP ProlaguB sardus. 

There are relatively few features in which Pro/agus sardus shows strong 
indications of what its mode of life and adaptations might have been. 
However, P. sardus does have sorne charaeters that can be interpreted with a 
degree of eertaioty. In the skull the bending indicates 
that the head was held sornewhat more upright than in Ocltotona. though 
less sa than in Romero/agus. Another Hoe of evidence favoring this posture 
cornes tram sorne expa nsion of the supraoccipital onto the skull roof, which 
suggests strengthened neck muscles. However, the muscles \Vere not developed 
nearly sa weil as in Recent leporids, in which the posterior part of the skull 
is much more grcatly modified in this direction. The slightly widened internaI 
nares of Prolagtls might suggest greater endurance thon in Och%lla. The 
samewhat leporid-like condyle of P. sardlls suggests that chewing motions 
affecting the cheek teeth may have had an important transverse component as 
in lèporids. The incisors of P. sardus are highly characteristic. The lateral 
thickening of upper and lower incisors and position of the lower incisar 
provide relatively well developed lateral cutting edges, and it may be that 
movements of the incisors transversely \Vere important in Prolaglls. The 
adaptive significance of this incisor specialization is not known at present. 

In the postera niai skeleton soroe of the differences from Ochotolla in 
degree of development of various structures arc difficult to access bec811se they 
might reflect differences related to size, Prolagus being larger than OcllOtolla. 
However, morpho!ogical differences from Ochotolla that seem to be especially 
significant occur in the scapula and and in the lumbar vertebrae, 
sacral vertebrae, innominate, and ferour. ScapuJa and humerus have characters 
indicatiog a greater musclIlar development than in Ochotolla. This is shown 
especially by the subequal supraspinous and infraspinous fossae, by presence 
of acromion as weil as metacromion processes of the scapula, by very 
minent greater tuberosity for insertion of the supraspioatus and infraspinatlls 
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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 delloid crest. 

Enlargement of processes of the tumbar vertebrae and outward tiare of 
the transverse processes of the first sacral vertebrae suggest strengthening of the 
hind Iimb. The latter character is somewhat reminiscent of the progrcssively 
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 Dot developed in the direction of cursorial specialization 
but possibly the flare can be interpreetd also as a respoDse to strong hind limbs. 
The characteristically ridged ilium is not found in aoy living lagornorphs and 
thus cannot be compared directly for adaptive signUicance. However. the dorsal 
ridge of the ilium may indicate st rengthened origio for part of the gluteal 
musculature, especially the gluteus maximus and gluteus medius. The separa­
tion of the iliac surface iota distinct parts suggests that the ditferent parts 
of the gluteal group had more independent action resulting in a greater range of 
movements th an 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, 
suggcsts that this muscle \Vas strong, and the weil developed greater trochanter 
might indicate a similarly strong gluteus medius. 

When proportions of the Iimbs are comparcd, specimens of Prolagus 
sardus from different localities show considerable variation (fable 1). The 
most significant difference from Deha/ana seems 10 be in the shorler forelimb 
relative to hind Iimb, the humerus shorler relative to length of femur but 
radius longer relative to length of humerus. ]n these proportions Prolagus 
approaches Romerolagus more closely than Oehotolla. 

TABLE 1 

Relative lengths of limb bones of Romerolagus aiazi. Oell%lla prillceps, 
and Prolagus saI'dlls. 

Romerofagu$ Prolagu$ • Prolagu$ • OchOlona 
Tavo!ara Monte San 

Giovanni 

humews • radius .72 
lemul t tibia 

.11 .74 .65 

radius .67 .69 .67 .77 
humel\J$ 

!tJrulr. .90 .69 .92 .69 
tibia 
radius 
tibIa 

.64 .6' .66 .62 

humerus 
.81 .60 .• 3 .91 femur 

• Base<! on means fl om Toblen (1935). 

ln total . the structural fealures that can be intcrpreted adaptively are not 
many, nor do they show extreme developments. Indications of weil muscled 
fore~ and hind limbs point toward an interpretation of Prolagas sare/us as a 
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small, weil muscled quadruped \Vith a somewhat upright position of the neck 
and with the capability of a wider range of Iimb movements than in Recent 
leporids. The range of movments w.s probably more comparable to th.t in 
Oligocene leporids such as Palaeo/ugus and Megu/ugus. Pro/agus was probably 
not suited for speed over any gre.t dist.nce but w.s prob.bly f.irly adept at 
digging .nd weU adapted for c1imbing and scrambling in the rough terrain that 
characterizes much of the Corsican and Sardinian countryside. The recon­
structed skeletons of Prologlls sardus (Fig. 38 , Pl. 1) are presented in what 
seem to be reasonable resting positions for this ochotonid. 

CHARACTBRS OP THB OCHOTONIDAB AND OP PRIMITIVE LAOOMORPHS. 

Comparisons of Pro/ugus sardus with such Tertiary ochotonids as Sino­
lagolllYs (Bohlin, 1942, 1946) and KellyalagolllYs (Maclnnes, 1953) On the 
one hand and with Recent Dcholona on the other reveal structures that can be 
regarded as characteristically ochotonid in nature. De_otal features character­
iziog the ochotonids include the non-molariform ps, tendency tow~rd sepa­
rate trigonid and talonid colurnns of P 4-M2, and reduction or loss of M3~' ln 
addition, the foUowing char.tters of skull and jaw seem to be basicaUy features 
of fossil and Recent ochotonids: 1) zygoma sturdily constructed anteriorly and 
contacted by maxillary tuberosity; 2) palate with premoJar foramen and 
shortened maxillary component of the bony palatal bridge; 3) distinct groove on 
posterior zygoma tic root suggesting weB developed temporalis musCle rela· 
tive to that in leporids: 4) symphysis of jaw without posterior bultress that oc­
Curs in leporids. One of these four characters occurs in known leporids. The 
postcranial skeJeton of Pro/agus sardus, though having a number of features 
of general similarity to Dch%na, has fewer features that can be regarded as 
defloiteiy basic to the ochotonids. However, the anteroposteriorly wide trans­
verse processes of the 1umbar vertebrae, fused spines and processes of the 
sacrum, and shape of ischium and pubis are probably characteristically ocho­
ton id features. 

Prolagus sardlls also has a number of teatures in which it differs from 
Oell%na and approaches conditions found in some Jeporids. Sorne of these 
may represent teatures that are primitive for Jagornorphs in general while 
others may be developed in paraUel within the two famUies. Interpretation of 
sorne of these features is difficult bec.use relatively few Tertiary ochotonid 
remains other th an jaws and dentitions have been described, thus making 
difficult determination of whether primitive characters of adaptive paraUel­
izations are concerned. An arched appearance of the skull, due in part to 
bending at the basicranial-basiCacial angle and in part to doming of the brain­
case, is characteristic of the Leporidae but is much less distinctly developed in 
Oligocene and carly Miocene leporids th an 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 Ocllolona. However, the ochotonid Kenya/agomys of the 
African Miocene (Maclnnes, 1953) seems to have had a relatively fiat skull 
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with Iittle bending al Ihe basifacial·basicranial angle. Thus,lhe arched con· 
dition of Prolagus may have developed in parallel to the arching of leporids. 
Bath P. sardlls and Kellyalagomys show sorne expansion of the supraoccipital 
onlo Ihe dorsal skull roof, although mueh less Ihan in Recenlleporids.Early 
leporids are variable in this charaeter, the supraoccipital having less expansion 
in Palaeolaglls haydelli 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 strengtheniog reached a greater developmeot than 
in any known ochotonid. Other fealures of the skull of Pro/agus sardus some­
what reminiscent of leporids are: 1) the relatively large orbit; 2) fenestration of 
Ihe maxilla below Ihe dorsal, Iypically ocholonid, opening; 3) relalively weil 
developed squam.osal above the auditory meatus and dorsal exposure of the 
mastoid; 4) r~lati~,eJy _long auditory meatus; 5) presence o( an ~xterpal carotid 
foramen. Prolagus sardus shares with primitive leporids -and och()looids 
presence of two mefltal foramina of th~ jaw. The shap~ ()f the condyle 
resembles Ihal in leporids more elosely Ihan th al of Oehololla. Of Ihese 
leporid-like characters, _the relatively large orbit, maxi1lary fenestration, an:d 
two mental foramina arc found in Keu)'alagomys as weil as in Pro/agus sardus. 
It seems reason~ble that these characters were found In primitive lagomorphs 
though lost in Oc/wrona. Prolagus and Palaeo/agus are simUar in haying a 
weil developed process of the squamosal dorsal to the auditory meatus, dorsal 
exposure of the mastoid. and a longer auditory meatus than in Och%lla. This 
may represent the primitive condition for lagomorphs. differing bath from 
the posteriorly low skull of Oeh%na and from the highly rnodificd posterior 
end of the skull of Recent leporids, with ils attachments for strong neck 
muscles. The external carotid foramen oceurs in Palaeolagus, Recent leporids, 
and Pro/agus. Again, lack of evidenee from Tertiary ochotonids prohibits _cer­
tainty, but the evidence available suggests that this foramen oceurred in primi­
tive lagomorphs. In - the postcraninl 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 Och%fla is cited as a primitive lagomorph. Cer­
tainly it does lack the specializations of Recent leporids for a cursorial mode 
of liCe. However. this does not prove that Ochotolla is primitive - that is, 
closer to the aDces~ral condition - in ail regards. lndeed. several of the fea­
tures mentioned above as probably representing truly ancestral conditions 
are not present in Recent Oc/wtona, It has been suggested by others (Dohlin, 
1942, p. 82, and referenees ciled Ihere) on olher grounds th al Ihe skull of 
primitive lagomorphs may have been more Iike that of Lepus th an of Ochotolla. 
Certainly the evidence presented here does not give fisc ta an image of the 
primitive lagomorph as beiog Lepus-Iike. It does suggest, however, that sneh 
a primitive lagomorph would also not be entirely Ochotona-like and that it 
would probably have sorne teatures that are now associated with the Recent 
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Leporidae and fost in the Ochotonidae. Characters of Dehotolla such as the 
bulla Wied with spongy bone, maxillary tuberosity with M2 free, and single 
mental foramen are probably specializations of the line of Dellotona. Dcho­
tOila does not simply show a primitive lagomorph state but has Hs own spe­
cializations for its own -particular adaptive niche. 
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P LATE l 

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