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Figure 1.  Skeleton of Kutchicetus minimus. Scale bar represents 10 cm. 

 

 
Figure 2.  Location map of the type locality of Kutchicetus. 
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Figure 3.  Osteology of Kutchicetus minimus (RUSB 2647). a, b, 
Premaxilla in left lateral and occlusal view, left and right alveolus 
for I3; c, d, Thoracic vertebra in cranial and left lateral view; e, f, 
Sacrum in cranial and left lateral view; g, Proximal caudal vertebra 
in left lateral view; h, Proximal caudal vertebra in ventral view; 
i, Mid-caudal vertebra in ventral view; j, Mid-caudal vertebra in right 
lateral view. 

 
 
Tooth crowns are rare of remingtonocetids, but the 

holotype of K. minimus includes fragments of eight 
teeth. Most diagnostic of these are a partial upper mo-
lar, which is dominated by a large paracone and a weak 
metacone. The protocone is absent. The tooth is 6 mm 
wide, approximately half as large as Remingtonocetus 
(RUSB 2630). The longest premolar fragment probably 
pertains to P3/(width 7.2 mm) and implies that this 
tooth was nearly twice as long as the molars, as in other 
remingtoncetids. Two other premolars are shorter (re-
spective width, 10.5 and 11.2 mm). The largest unicus-
pid tooth was probably the canine (crown height more 
than 3.5 mm), and the smallest unicuspid probably 
represents a pointed incisor (crown height approxi-
mately 16 mm). A fragment of the rostrum shows alve-
oli for two left and right teeth, most likely the canine 
and first premolar. It also shows the diagnostic ar-
rangement of the convergence of the edges of the palate 
to each other. At its midpoint between alveoli, the pal-
ate is only 6 mm wide. Dorsally this fragment shows a 
flat surface for articulation with the nasals. 

No limb bone is complete, but both humerus and tibia 
preserve complete proximal ends and a large part of the 
shaft, including the distal part that flares, and is near the 

articular end. The humerus has a medio-laterally com-
pressed head and a pronounced tubercle just distal to the 
head, that marks the proximal part of the pectoral crest. 
A fragment of the distal humerus shows that the 
trochlea was extensive antero-posteriorly and that there 
was no projecting medial epicondyle. The proximal fe-
mur shows that the head is directed at a low angle to the 
shaft of the bone and that the lesser trochanter was well-
developed. There is no indication of a third trochanter. 
The greater trochanter projected more proximally than 
the head. The tibia shows that the medial condyle was 
concave and set more distally than the lateral condyle, 
as commonly seen in some seals and sealions. The tibial 
crest extends to approximately two-thirds of the length 
of the shaft. 

The sacrum is composed of four solidly fused verte-
brae. The first sacral vertebra shows indications of an 
articular facet with the innominate. This facet is set 
close to the centrum of the vertebra. Tail vertebrae are 
impressive in that they are robust and long, with paired 
hemal processes cranially and caudally. Their roots 
show that they were strong. 

The vertebral column of Kutchicetus is more complete 
than that of any other described early-middle Eocene 
cetacean. One cervical, 8 thoracic, 4 lumbar, 4 sacral, 
and 12 caudal vertebrae are preserved. Its vertebral 
formula was probably similar to that of an Eocene ceta-
cean from Pakistan8, Ambulocetus: 7, 15, 8, 4, 20–25. 
The vertebral column of Kutchicetus is unusual in hav-
ing a number of long and robust caudal vertebrae, sug-
gesting that the animal had a powerful tail. That the tail 
played an important part in locomotion is further indi-
cated by the relatively gracile humerus (approximately 
140 mm long) and tibia (approximately 135 mm long), 
both of which are disproportionately small when com-
pared to the caudal vertebrae. Here, we study the func-
tional morphology of the vertebral column using the 
proportions of the centra of the vertebrae in a plot (Fig-
ure 4) that follows the style of Buchholtz5. Three con-
clusions can be drawn: 

Firstly, the sacrum which is composed of four fused 
vertebrae, is of vastly different vertebral proportions 
than adjacent parts of the column. This is unlike all 
modern and described fossil cetaceans and other modern 
marine mammals, but is similar to several land or 
semiaquatic mammals (Pachyaena, Lutra5). This proba-
bly indicates that the sacrum of Kutchicetus was still 
weight-bearing, as are those of other remingtoncetids9. 
In this respect, Kutchicetus is unlike modern and other 
fossil cetaceans in which the sacrum is reduced and 
does not bear weight. 

Secondly, as Figure 4 shows, there are no pronounced 
breaks in the height/width proportions of the preserved 
caudal vertebrae. Abrupt changes in these proportions 
occur in mammals with well-defined flukes, such as 
cetaceans and dugongs and are absent in mammals lack-
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Figure 4.  Vertebral dimensions of Kutchicetus minimus, RUSB 2647. Measurements (in mm) are plotted 
against inferred vertebral number of posterior thoracic, lumbar, sacral and caudal vertebrae. 

 
 
 

ing flukes, such as manatees5. Buchholtz5 used these 
proportions to infer that a tail-fluke was not the main 
propulsive organ in the Eocene cetacean Rodhocetus. 
Similarly, we argue that there is no evidence that 
Kutchicetus has a well-defined tail-fluke, although it is 
possible that it had a flat tail like the manatees. The 
very wide lumbar and proximal caudal vertebrae are 
consistent with a stockily built body of Kutchicetus, 
possibly not unlike a manatee. Although we do not have 
terminal caudal vertebrae that may give direct evidence 
for or against the presence of a fluke, it would be ener-
getically inefficient to use a lift-based propulsor like a 
fluke on a long stalk10, such as the proximal tail of 
Kutchicetus. 

Thirdly, and most importantly, in Kutchicetus the pat-
tern of change in vertebral lengths is unique among ce-
taceans. Two areas of the vertebral column show local 
maxima of vertebral length. The first maximum occurs 
in the lumbar column and the second in the caudal col-
umn. This pattern differs from that in all known modern 
and Eocene cetaceans, but is similar to the length pat-
tern of otters (Lutra, Enhydra5). Buchholtz5 interpreted 
this pattern as indicating a specialized mode of locomo-
tion, where maxima in the length of the lumbar and 
caudal column indicate that two different maxima of 
excursion (called undulatory maxima) occur in the ver-
tebral column as the animal is moving. These were also 
found to occur in non-mammals, such as the gavial5. 
None of the Eocene cetaceans studied by Buchholtz5 
show this pattern, and bi-modal undulatory locomotion 
may not have occurred in any fossil cetaceans for which 
the vertebral column has been described. 

The similarity of the vertebral column of Kutchicetus 
to otters, and its possible implications for similarity in 
function are reminiscent of inferences made about the 
locomotor behaviour of the Eocene whale Ambulocetus, 
from Pakistan. No complete vertebral column has been 
described yet for this taxon, and the animal is three or 
four times as large as Kutchicetus in linear dimensions. 
However, based on similarities between Ambulocetus 
and otters in the limb proportions, it has been hypothe-
sized that whales may have gone through an evolution-
ary stage, where their swimming mode resembled that 
of otters8,11. The vertebral column of Kutchicetus pro-
vides independent evidence for this hypothesis and sug-
gests that ambulocetids and remingtonocetids swam 
using a transitional mode of locomotion that is not used 
by any other known fossil cetacean. This, in combina-
tion with its small size, implies that Kutchicetus is a 
remarkably primitive whale as far as its locomotor 
skeleton is concerned, certainly more primitive than any 
other cetacean from Kachchh. This stands in stark con-
trast with the limited information about the skull and 
dentition of Kutchicetus, which indicates that this whale 
had a very long and narrow snout, unlike any other Eo-
cene cetacean, except for Andrewsiphius, to which it 
may have been closely related. 
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Two new fossil fruits belonging to Sterculia of Ster-
culiaceae and Barringtonia of Lecythidaceae are de-
scribed from the Oligocene sediments of Makum 
Coalfield, Assam, India. These fruits are reported 
for the first time not only from the Oligocene of As-
sam but from the Tertiary of India. Their presence 
supports the view that evergreen to littoral and 
swamp forests existed there during the time of de-
positon. 
 
DURING an excursion to the Makum Coalfield in 1993, a 
number of plant remains including leaf, fruit and seed 
impressions/compressions were collected, out of which 
two fruits belonging to Sterculia of Sterculiaceae and 
Barringtonia of Lecythidaceae are described here. 

Makum coalfield (27°15′N; 90°40′E), located1 in the 
Tinsukia District of Assam, is considered as one of the 
largest Tertiary coal deposits of India. The sediments of 
Tikak Parbat Formation are exposed there and are con-
sidered Oligocene in age2. The formation comprises 

alternations of sandstone, siltstone, mudstone, carbona-
ceous shales and coal seams. The fruits were collected 
from the shales. 

A few years back, several fruits belonging to Mesua 
of Clusiaceae1 and Entada and Leguminocarpon of Fa-
baceae3 were described from this coalfield. Recently4, 
the fruits of Nypa have also been recorded from here. 

The present findings are important in the sense that 
fruits of Sterculia and Barringtonia are reported from 
India for the first time. In addition, the latter is ecologi-
cally very important as it is a good climatic indicator. 

The specimens were first cleared and photographed . 
Then they were studied under the low power micro-
scope. The specimens are deposited in the museum of 
the Birbal Sahni Institute of Palaeobotany, Lucknow. 

Systematic Description 
Family: Sterculiaceae 
Genus: Sterculia Linn. 
Sterculia palaeovillosa sp. nov. 
Figure 1 a. 
Description: Fruit simple, dry, dehiscent, follicular; 

follicles radiating, sessile, five in number, connate at 
base, each about 4.5 cm in length and 1.8–2.7 cm in 
breadth, symmetrical, elliptic; texture leathery, margin 
entire. 

Holotype: Specimen No. BSIP 38668. 
Horizon and Locality: Tikak Parbat Formation; Ma-

kum Coalfield, Tinsukia District, Assam. 
Age: Oligocene. 
Affinities: The above characters of the fossil indicate 

that it closely resembles the fruit of Sterculia Linn. of 
Sterculiaceae. After a detailed comparison with differ-
ent species of the genus at the Forest Research Institute, 
Dehradun, it was found that it shows maximum resem-
blance with the fruit of S. villosa (FRI Herb. Sheet No. 
8640), especially in the shape and size (Figure 1 b). 

The fossil has been named as Sterculia palaeovillosa 
sp. nov., indicating its close similarity with S. villosa. 

Family: Lecythidaceae 
Genus: Barringtonia Forst. 
Barringtonia preracemosa sp. nov. 
Figure 2 a. 
Description: Fruit simple, indehiscent, fleshy, single 

seeded berry; preserved length 5.4 cm, preserved width 
3.1 cm; seed ovoid, 4.5 × 2.8 cm, the base covered with 
pericarp which is represented by endocarp only, meso-
carp being fleshy is not preserved; preserved width of 
the wall 1–3 mm. 

Holotype: Specimen No. BSIP 38669. 
Horizon and Locality: Tikak Parbat Formation; Ma-

kum Coalfield, Tinsukia District, Assam. 
Age: Oligocene. 
Affinities: The above characters of the fossil indicate 

affinities with Barringtonia Forst5. After comparison 
with a number of species of the genus available at the 
Forest Research Institute, Dehradun the fossil shows


