LIASSIC PLESIOSAUR EMBRYOS
REINTERPRETED AS SHRIMP BURROWS

by RICHARD A. THULBORN

ABSTRACT. A peculiar nodule from the Upper Liassic (Toarcian) shales of Whitby, Yorkshire, is interpreted
as an infilled burrow system which was probably excavated by a shrimp-like crustacean (possibly Glyphea
sp.). This interpretation is supported by comparisons with fossil crustacean burrows in the ichnogenus
Thalassinoides. The nodule had formerly been regarded as a cluster of fossil embryos from the aquatic reptile
Plesiosaurus.

IN September 1887 H. G. Seeley delivered four reports on fossil reptiles to the British Association
meeting at Manchester. Three of those reports dealt with anatomy and systematics, but the fourth
concerned the more unusual subject of fossil embryos. Seeley described and exhibited a peculiar
nodule showing supposed embryos of a Jurassic plesiosaur—an aquatic reptile of the suborder
Plesiosauria (order Sauropterygia). His account of the embryos was summarized the following year
(Seeley 1888), though a full description did not appear until 1896.

Seeley’s plesiosaur embryos have attracted little attention: they have never been figured, and it is
difficult to find more than passing mention of them in the literature of vertebrate palaecontology. They
were briefly noticed by Woodward (1898, p. 161), Williston (1914, p. 94), and de Saint-Seine (1955,
p. 422), but secem never to have been re-examined in detail. Abel’s classic work Vorzeitliche
Lebensspuren (1935) devoted much attention to embryos and neonates of ichthyosaurs (reptile order
Ichthyosauria), but made no mention at all of plesiosaur embryos. There has often been speculation
about the mode of reproduction in plesiosaurs (see, for example, Robinson 1975), but the embryos
described by Seeley seem to have been overlooked.

This paper provides the first illustrations of the supposed plesiosaur embryos, and offers a
reinterpretation of these curious fossils.

MATERIAL

The material described by Secley was acquired in 1909 by the British Museum (Natural History), where it is
now catalogued as R 3585. It comprises: an irregular nodule of pyritic mudstone and shale, approxi-
mately 11 x8 x 8 cm (text-fig. 1); a small fragment, broken from the main nodule; five slides, each with a
thin section; a slide with twenty-three stained serial sections from the neck region of a modern lizard
embryo. The small fragment was detached in Seeley’s search for internal structure, and it provided material for
the thin sections; the serial sections of the lizard embryo had been obtained for comparative purposes (Seeley
1896, p. 21).

The nodule almost certainly came from coastal exposures of the Upper Lias (Whitbian sub-stage of the
Toarcian) near Whitby, Yorkshire. Seeley received the nodule in 1887 from J. F. Walker (then curator of the
Yorkshire Natural History Society), who had obtained it from a dealer in Whitby. The Whitby fossil-dealers
were not averse to importing their wares from the Lower Liassic of Lyme Regis, Dorset, but probably did so only
in the case of exceptionally fine and valuable specimens (notably fossil fishes; see Blake 1876, pp. 257-259). The
Liassic shales near Whitby are rife with oddly shaped concretions and nodules (Hallam 1962; Howarth 1962),
and it seems unlikely that a dealer would have imported an example from Dorset when so many were to hand
locally.

[Palaeontology, Vol. 25, Part 2, 1982, pp. 351-359.]
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The Whitby Lias is about 76 m thick, and may be summarized as follows (incorporating data from Hallam
1962; Howarth 1962, 1973; Hemingway 1974): :

FORMATION THICKNESS () AMMONITE ZONE STAGE

Dogger (sandstones and ironstones) : BajociaN "
———————————————————————————————— unconformity —-—----s==-smm— -~ - - - - - —mee—

- Cement Shales 55 )

Main Alum Shales 22-0 Hildoceras bifrons

Hard Shales 4-5

Bituminous Shales 23-5} Harpoceras falciferum UL

Jet Rock Shales 85 P

Grey Shales 13-5 } Dactylioceras tenuicostatum

The succession consists of shales, with minor argillaceous limestones and rare seams of siderite mudstone.
Nodules and concretions are extremely abundant; some are scattered at random through the shales, while others
occur in constant bands which serve as useful marker horizons (see Howarth 1962). Concretions in these marker
horizons often have highly distinctive shapes, and have been named accordingly—‘cannon balls’, ‘cheese
doggers’, ‘curling stones’, ‘pseudovertebrae’, and so on. Unfortunately the nodule described by Seeley cannot be
referred with certainty to any of these marker horizons. Seeley’s specimen has a matrix of soft, grey, flaky, and
non-bituminous shale, and is unlikely, for that reason, to have been obtained from the zone of Harpoceras
falciferum—where the shales are usually brown in colour and often have a characteristic ‘oily’ smell. Nor is it
very likely that Seeley’s specimen came from the Hard Shales or the Main Alum Shales: in many places these
shales weather to a brown or reddish colour, and they sometimes produce efflorescent alum. The specimen
probably originated from the Grey Shales or the Cement Shales.

DESCRIPTION

The supposed plesiosaur embryos are rounded masses of grey-brown mudstone protruding from a core of flaky
grey shale (text-fig. 1). The shale is very soft, and contains tiny blebs and veins of white calcite, together with
occasional fiecks of black plant material. The bodies of the embryos are slightly harder than the shale matrix,
extremely fine-grained, and rich in finely divided pyrite. Seeley originally believed the embryos to be phosphatic
(1888), but later determined that they were in fact pyritic (1 896). The embryos, and some areas of intervening
shale, have a greasy lustre which has probably been enhanced, if not produced, by repeated handling of the
specimen.

Seeley identified and numbered four principal embryos, with ‘indications of three or four others’ (1896, p. 20).
His numbering is still visible on the specimen, in faded red ink, and will be followed here (see text-fig. 2). For the
sake of brevity I will also adhere to Seeley’s descriptive terminology (e.g. the ‘head’ of embryo 1, the ‘limbs’ of
embryo 3, and so on); and to assist my discussion the specimen will be oriented as a spheroid with the ‘head’ of
embryo 1 directed to the ‘North Pole’.

Seeley’s description (1896) is both detailed and accurate and need not be repeated here. However, the specimen
has certain features that were not mentioned by Seeley. First, it is badly damaged in the region of the ‘North
Pole’, where it seems that several large flakes have been removed by hammer blows (text-figs. 14, 2a). The
fragment detached to provide thin sections was clearly the last piece to be removed, for it can still be fitted on to
the main nodule, where it forms part of an older fracture-scar. In some places the specimen appears to have been
subjected to rather rough mechanical preparation; there are, for example, very deep needle-marks along the right
side of the ‘neck’ in embryo 1.

The embryos are clustered in a partly overlapping arrangement; the ‘neck’ of embryo 3, for example, is largely
concealed by the ‘body’ of embryo 1. Elsewhere one embryo may be joined to another without the slightest trace
of a dividing line (see text-fig. 1B). The arrangement of the supposed embryos is not entirely random: they extend
in a radiating pattern, along meridians, when viewed from the ‘South Pole’ (text-fig. 28).

Seeley could find no definite trace of organic structure in the specimen, and his identification of ‘embryonic
plesiosaurs’ rested almost entirely on the criterion of shape. He considered that embryo 1 showed ‘the head,
neck, body, tail and limbs of such a shape as a plesiosaur would show’, and pointed out that the other embryos
were basically similar in form; differences in shape between one embryo and another were taken to reflect
‘various stages of development’ (Seeley 1896, p. 23). Nevertheless, Seeley did attempt to identify anatomical
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features such as bones and teeth within the embryos—though he did so with extreme circumspection. These
possible organic structures merit close inspection.

Placenta. A ‘smooth film of hard clay’ over parts of the specimen was considered by Seeley to have ‘much the
aspect of a defining membrane of a placenta-like character’ (1896, p. 20). This apparently refers to the greasy
lustre on the embryos and on some intervening areas of shale. The lustre is almost certainly artificial, for it is
easily reproduced by gently rubbing a finger-tip over a fresh patch of the shale.

Median dorsal ridge. ‘Each of the four principal specimens is characterized by a median longitudinal ridge or
blunt angle which extends down . . . what I regard as the dorsal surface; corresponding in position to the neural
spines of the vertebrae’ (Seeley 1896, p. 21). The ridge is visible in unweathered and undamaged portions of the
embryos, though it is sometimes very faint. Nowhere is there any trace of organic structure in, or beneath, the
ridge; and there is no evidence to confirm that the ridge is ‘dorsal’ in position.

Sclerotic ring. On the right side of the ‘head’ in embryo 1 is a shallow oval pit which was tentatively identified by
Seeley as the orbit. This pit originally contained ‘a scale with a radiated structure, which had the appearance of
being a sclerotic circle of bones about the eye’, but this was subsequently lost from the specimen (Seeley 1896,
PP. 22, 24). The supposed orbit is now floored by a paper-thin layer of finely crystalline pyrite, which is overlain
near the anterior margin by a patch of shale containing flecks of white calcite. The floor of the orbit appears to be
featureless—though Seeley maintained that there was possibly ‘some evidence of a radiating structure’ (1896,
p. 25). The ‘radiated scale’ described by Seeley is unlikely to have been a sclerotic ring, because it was originally
applied to the concave floor of the ‘orbit’: sclerotic plates are usually embedded in the lateral half of the eyeball,
and therefore tend to be arched outwards from the orbit (Walls 1942). If the ‘radiated scale’ were a series of
sclerotic plates it would be necessary to suppose that the entire eyeball had been squashed flat in the embryo; and if
the eyeball had been squashed or ruptured it would be reasonable to expect evidence of similar distortion in other
regions of the soft-bodied embryos. In any case, it seems improbable that delicate and superficial ossifications
would have been preserved, while deeper and presumably more robust bones were obliterated. I suspect that the
‘radiated scale’ was no more than a thin vein of calcite, resembling similar veins in other parts of the nodule.

Scapula. The ‘left forelimb’ of embryo 2 is truncated by a fracture, behind which ‘the dorsal aspect of the limb
appears to include a surface bone in the position of the ascending process of the plesiosaurian scapula’ (Seeley
1896, p. 23). I can find no trace of bone in this area; there is a slight surface irregularity postero-dorsal to the
‘limb’, but this is not particularly reminiscent of the outline of a scapula. Moreover, the ascending ramus of the
plesiosaurian scapula is situated in front of the glenoid cavity, and not behind it.

Muscle segments. According to Seeley, ‘there appear to be some faint indications of transverse segmentation like
that of muscles, in the region of the neck in the specimen No. 1, and in the dorsal region in specimen No. 2’ (1896,
p. 23). There seems to be no trace whatsoever of segmental structure in embryo 2. Much of the ‘neck’ of embryo 1
has an irregular, flaky, and pitted surface. In its posterior third the right side of the neck carries a series of deep
needle-marks which extend into the adjoining shale; it is improbable that these would be taken as evidence of
segmentation, even at a casual glance. Above this line of needle-marks is a smooth area which proves, on close
inspection ( x 50), to carry an ornament of extremely fine, straight, and parallel scratches. These microscopic
scratches were most probably produced with a mild abrasive: they are so regular in depth, spacing, and orienta-
tion (antero-dorsal to postero-ventral) that they cannot have been produced individually, and they are so
unvaryingly straight and parallel that they do not seem to be a natural feature. Over all, there is no clear evidence
of segmentation in any of the embryos.

Mandible and teeth. ‘It is possible . . . that the lower jaw may be indicated in the film of clay, which is imperfectly
preserved beneath the head [of embryo 1], and that some small badly preserved white spots arranged in linear
succession are indications of teeth’ (Seeley 1896, p. 24). The ‘head’ of embryo 1 meets the shale matrix without
any indication of a separate mandible. Alongside the right surface of the ‘head’ is a string of tiny white spots,
each about 0-15 mm in diameter; these are blebs of calcite similar to those scattered throughout the specimen,
and their roughly linear arrangement seems to be fortuitous.

Skull roofing bones, external nostrils, and parietal foramen. All these features were tentatively identified by Seeley
on the ‘head’ of embryo 1. The surface of the ‘head’ is marked with a random assortment of pits, furrows, and
scratches, all of which seem to be preservational and weathering effects comparable to those in other parts of the
embryos. None of the grooves or scratches can justifiably be regarded as a mid-line suture between skull roofing
bones, and none of the pits can be matched up into a pair that could convincingly represent the external nostrils.
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TEXT-FIG. 1. Four views of nodule from the Upper Liassic of Whitby, Yorkshire, showing supposed plesiosaur
embryos. BM(NH) R.3585; scale indicates 2 cm.

Other anatomical features of the embryos (heads, necks, bodies, tails, and limbs) were identified by Seeley
purely on the basis of their shape and their position. In summary, there seems to be no evidence of organic
structure in any of the supposed embryos.

DISCUSSION

There are several reasons why the specimen is unlikely to be a cluster of plesiosaur embryos. First, it
lacks any definite organic structure. Some of the anatomical features identified by Seeley (1896) are
no more than surface irregularities, scratches, pits, and similar weathering effects (e.g. ‘scapula’,
‘nostrils’, and ‘skull bones’); other such features are patches of calcite (e.g. ‘teeth’) or artifacts (e.g.
‘placenta’). Second, the supposed embryos show differences in shape and proportions. Seeley
accounted for this variation by suggesting that the embryos were in different stages of development,
but this is not a particularly convincing explanation. Where embryos, neonates, or juveniles of
reptiles are preserved as natural groups of fossils the siblings are invariably in the same state of
development—as, for example, in ichthyosaurs (Hauff 1921; Hoffmann 1958; Urlichs, Wild, and
Ziegler 1979), in nothosaurs (Halstead 1969), and in ornithopod dinosaurs (Horner and Makela
1979). Next, and most important, it is highly improbable that soft-bodied embryos could have been
preserved ‘in the round’ in a shale matrix. Sediment compaction usually ensures that soft organisms
are preserved in a partly or completely flattened state, yet the supposed plesiosaur embryos form a
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TEXT-FIG. 2. Diagrammatic interpretation of text-fig. 1. Shale matrix unshaded, and supposed plesiosaur
embryos (here regarded as sediment-filled crustacean burrows) indicated by solid shading. Fracture surfaces
indicated by oblique shading. Supposed embryos (= burrows) are numbered following Seeley (1896), and each
has its ‘dorsal ridge’ (= groove in burrow floor) shown schematically. Abbreviations: c—cut surface; f—area
from which a fragment was detached to provide thin sections for Seeley (1896); h—*‘head’ of supposed embryo
(= part of shaft leading to burrow chamber); m—needle-marks (shown schematically) along the side of
supposed embryo 1 (= burrow 1); p—spots indicating location of possible faecal pellets; t—*tail’ of supposed
embryo (= burrow termination). Scale indicates 2 cm.

spheroidal mass which is not obviously flattened or distorted. If this specimen were a group of
embryos it would be necessary to suppose that it had been enclosed in a syngenetic or diagenetic
concretion (following terminology of Pantin 1958), or that the embryos had been mineralized before
compaction of the surrounding sediment. The specimen was clearly not enclosed in a concretion, for
the supposed embryos are separated and overlain by soft shale; and it seems unlikely that embryos
could have been mineralized in utero or in an unconsolidated shale matrix. In rare circumstances
human embryos are known to undergo spontaneous abortion and calcification—to become ‘stone
babies’ or ‘lithopedia’ (Halstead and Middleton 1972)—but there are no reports of comparable
abnormalities among fossil vertebrates. It seems a very remote possibility that the supposed
plesiosaur embryos could be reptilian equivalents of ‘lithopedia’.

What, then, is the most probable identity of the specimen? It is quite unlike a concretion, or even an
aggregate of small concretions. Some parts of the supposed embryos bear a resemblance to
coprolites, but the specimen as a whole seems too complicated in structure to be a mass of coprolites
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or of intestinal fillings. Each of the supposed embryos is a multi-lobed object (with several lobes
representing the ‘tail’ and the ‘limbs’), whereas individual coprolites are normally sausage-shaped,
spiral, fusiform, or pellet-like objects which are not developed into lobes (see Amstutz 1958, and
many references therein). Nor does the specimen resemble any known endocranial cast of a verte-
brate (Edinger 1929; Jerison 1973).

From a review of literature dealing with trace fossils and problematica I strongly suspect that the
supposed plesiosaur embryos are actually the sediment-filled burrows of a crustacean—most
probably a shrimp resembling those of the decapod superfamily Thalassinoidea. The thalassinoid
shrimp Callianassa excavates distinctive burrow systems in modern marine sediments (see
Braithwaite and Talbot 1972), and comparable burrows have been reported as far back as the
Triassic (Fiege 1944; Ireland, Pollard, Steel, and Thompson 1977) and even the Upper Carboniferous
(Warme and Olson 1971; Chamberlain and Clark 1973). Fossil thalassinoid burrows are often
referred to the ichnogenus Thalassinoides (reviewed by Bromley and Frey 1974); they vary
considerably in size and architecture, according to the specific identity of the burrower (e.g. see
Braithwaite and Talbot 1972) and to the nature of the sediments (e.g. see Bromley 1967).
Nevertheless, it is possible to give a brief generalized description (based on Weimer and Hoyt 1964,
Glaessner 1969; and sources mentioned above). A thalassinoid burrow system comprises one or more
chambers (or tunnels) opening to the sea floor by a steeply inclined shaft which is wide enough to
permit free passage of the burrower. A second shaft, which is often narrower and distinctly tapered,
extends to the surface from another part of the chamber system. The shrimp occupies one of the
chambers and creates a current by movements of its swimmerets; water enters the wider shaft and is
expelled through the narrower shaft, often serving to flush out faecal pellets. The chamber occupied
by the shrimp is big enough for the animal to turn round completely in somersault fashion. The
various chambers are connected by constricted passages, and the shrimp may excavate several short
galleries from the sides of a chamber. In some cases the chambers occur at random, while in others
they may form a spiral or radial pattern. In soft sediments the shafts may be deep, and there may be
many chambers excavated at several horizons; in more resistant sediments the burrow system may
comprise little more than ramifying tunnels confined to a preferred horizon. When such burrow
systems are encountered as fossils they are commonly filled with minerals or sediments which differ
from the surrounding rock.

The supposed plesiosaur embryos are readily interpreted as thalassinoid burrow fillings (see text-
fig. 2). Their ovoid ‘bodies’ seem to represent a series of chambers arranged in a roughly radial
pattern, while their ‘necks’ may be identified as steeply inclined shafts connecting chambers at
different levels or leading towards the former sea floor. Some of the ‘necks’ have a distinctly tapered
tip and may be regarded as excurrent shafts. There is no trace of a broader incurrent shaft, but this
would most likely have been situated in the region of the badly damaged ‘North Pole’. The ‘tails’ are
probably burrow-ends, which are ‘usually somewhat conical, coming to a blunt point’ in thalassinoid
burrows from the English Chalk (Bromley 1967, p. 162). The ‘limbs’ of the supposed embryos may be
identified as short galleries developed from the walls of the main chambers.

Nearly all major features of the supposed embryos can be matched in thalassinoid burrows of
one sort or another. And several other facts would seem to confirm that Seeley’s specimen is a
thalassinoid burrow system. The shale matrix of the specimen contains a few tiny spheroidal objects
(about 0-5 mm in diameter) which may possibly be faecal pellets flushed out from the interior of the
burrow; several of these occur in the shale around embryo 4. Next, the invertebrate fauna of the
Whitby Lias includes a variety of small decapod crustaceans, and some of these (Glyphea spp. and
Eryma sp.) are similar in size and configuration to modern burrowing shrimps. Blake listed seven
species of crustaceans from the Whitby Lias, and mentioned that ‘numerous crustacean claws occur
in many zones’ (1876, p. 429). Glyphea and Eryma are not close relatives of the living thalassinoid
shrimps, but ‘it must be remembered that similar burrows indicate possibly similar body shape and
behaviour, not systematic identity of the burrower’ (Glaessner 1969, p. 430). Bromley and Frey
(1974) listed many crustaceans know to construct burrows of Thalassinoides type, and among these
were Jurassic shrimps of the superfamily Glypheoidea (Sellwood 1971; Bromley and Asgaard 1972).
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Itis possible, then, that one or more of the crustaceans reported from the Whitby Lias (most probably
Glyphea spp.) may have constructed thalassinoid burrows. Remains of crustaceans are rarely found
inside thalassinoid burrows, probably because the animals left their burrows to moult (see Glaessner
1969, p. 434). Finally, burrows are abundant at some horizons in the Whitby Lias. The distribution
of these burrows was studied by Morris (1979), who did not specify the occurrence of Thalassinoides
but mentioned that the trace fossil assemblages were dominated by Chondrites. In other sedimentary
settings Chondrites may be associated with another trace fossil, Gyrolithes, which is sometimes linked
with Thalassinoides to form a single burrow system (Bromley and Frey 1974). This very indirect
evidence may hint at the existence of thalassinoid burrows in the Upper Lias at Whitby; such an
occurrence would not be surprising, since Thalassinoides is widespread in the British Lower Lias
(Sellwood 1970; Sellwood, Durkin, and Kennedy 1970). It is worth noting that Morris found
Chondrites restricted to a ‘normal’ shale facies—‘a homogeneous bioturbated sediment often
containing sideritic nodules or horizons’ (1979, p. 117). Morris studied only the lower part of the
Toarcian succession at Whitby (as high as the Hard Shales), so that his ‘normal’ shales are in fact
represented by the Grey Shales. It has already been deduced, on other grounds, that the supposed
plesiosaur embryos came from the Grey Shales or from the Cement Shales (which were not
considered by Morris). In other words, it seems probable that Seeley’s specimen came from a
‘normal’ shale horizon in which burrows are abundant.

In summary, the nodule interpreted by Seeley (1896) as a group of plesiosaur embryos bears a
strong resemblance to a system of thalassinoid burrow fillings. Crustaceans known from the Whitby
Lias may well have included forms capable of excavating such burrows; and burrows (though not
specifically identified as thalassinoid) are abundant in the ‘normal’ shale facies from which the nodule
is likely to have come. The specimen has only one structural feature that I have been unable to match
in any other thalassinoid burrow: this is the distinct ‘dorsal ridge’ noted by Seeley. If the specimen is
interpreted as a burrow system this ‘dorsal ridge’ will actually represent a longitudinal groove in the
floor of each burrow chamber. It is reasonable to suppose that this groove was produced by the
appendages or the telson of the crustacean inhabitant.

Thalassinoid burrow fillings have commonly been mistaken for quite different objects; Bromley
reported (1967, p. 158) that thalassinoid burrows of Upper Cretaceous age have been interpreted as
benthonic algae, plant roots, sponges, solution channels, concretions, and trace fossils of unidentified
marine organisms. Seeley’s misinterpretation is all the more understandable when one considers that
his specimen had been ‘improved’ by artificial means. Parts of the supposed embryos seem to have
been smoothed off and polished with a mild abrasive, leaving a microscopic pattern of unnaturally
straight and parallel scratches. And in places it appears that the main burrow chambers (or embryo
‘bodies’) have been trimmed to a more suggestive shape by removal of some side-galleries (which
would otherwise have remained as rather puzzling supernumerary ‘limbs’). Such trimming is
apparent along the right side of embryo 1, where there is a series of deep needle-marks. These marks
extend from the fossil into the shale matrix, whereas needle-marks produced in normal preparation
would extend in the opposite direction. Either this work with a needle was intended to remove
portions of the fossil, or it was an unbelievably clumsy attempt at preparing the specimen. Next, the
suitably constricted appearance of the ‘neck’ in embryo 2 (text-fig. 2B) is due partly to the fact that it
has been cut down with a knife-blade or similar instrument. The cut surface is easily visible; it is flat
and sharp-edged, in contrast to the irregular and broadly rounded surfaces elsewhere. Finally there is
evidence of a much coarser, but none the less effective, ‘improvement’: several hammer blows in the
region of the ‘North Pole’ removed any trace that might have existed of an incurrent shaft leading to
the burrow system. It is not altogether surprising to discover these alterations to Seeley’s specimen,
for many such ‘improved’ or ‘repaired’ fossils are known to have come from the dealers at Whitby
(see, for example, Blake 1876, p. 428; Dance 1976, p. 103).

Acknowledgements. 1 thank Dr. Angela Milner and Dr. Alan Charig for providing help and facilities at the
British Museum (Natural History). Text-fig. 1 was prepared by Mandy Cilento (Zoology Department,
University of Queensland), and Susan Turner (Queensland Museum) helped me in searching the literature.



358 PALAEONTOLOGY, VOLUME 25

REFERENCES

ABEL, 0. 1935. Vorzeitliche Lebensspuren, Gustav Fischer, Jena. 644 pp.

AMSTUTZ, G. C. 1958. Coprolites: a review of the literature and a study of specimens from southern Washington.
J. sediment. petrol. 28, 498-508.

BLAKE, J. F. 1876. Palacontology. In TATE, R. and BLAKE, 1. F. The Yorkshire Lias. Van Voorst, London, pp. 243-
475.

BRAITHWAITE, C. J. R. and TALBOT, M. R. 1972. Crustacean burrows in the Seychelles, Indian Ocean. Palaeogeogr.,
Palaeoclimatol., Palaeoecol. 11, 265-285.

BROMLEY, R. G. 1967. Some observations on burrows of thalassinidean Crustacea in chalk hardgrounds. Q. Jl
geol. Soc. Lond. 123, 157-182.

and ASGAARD, U. 1972. Notes on Greenland trace fossils. II. The burrows and microcoprolites of Glyphea

rosenkrantzi, a Lower Jurassic palinuran crustacean from Jameson Land, East Greenland. Rept geol. Surv.

Greenland, 49, 15-21.

and FREY, R. W. 1974. Redescription of the trace fossil Gyrolithes and taxonomic evaluation of
Thalassinoides, Ophiomorpha and Spongeliomorpha. Bull. geol. Soc. Denmark, 23, 31 1-335.

CHAMBERLAIN, C. K. and CLARK, D. L. 1973. Trace fossils and conodonts as evidence for deep-water deposits in the
Oquirrh Basin of central Utah. J. Paleont. 47, 663-682.

DANCE, P. 1976. Animal fakes and frauds. Sampson Low, Maidenhead. 128 pp.

EDINGER, T. 1929. Die fossilen Gehirne. Ergebn. d. Anat. 28, 1-249.

FIEGE, K. 1944. Lebensspuren aus dem Muscheikalk Nordwestdeutschlands. N. Jb. Miner. Geol. Paldont. Abh.
BSS, 401-426.

GLAESSNER, M. F. 1969. Decapoda. In MOORE, R. C. (ed.), Treatise on Invertebrate Paleontology, Part R,
Arthropoda (Crustacea exclusive of Ostracoda, Myriapoda, Hexapoda). Geol. Soc. Amer. and Kansas Univ.,
pp. 400-533.

HALLAM, A. 1962. A band of extraordinary calcareous concretions in the Upper Lias of Yorkshire, England.
J. sediment. petrol. 32, 840-847.

HALSTEAD, L. B. 1969. The pattern of vertebrate evolution. Oliver and Boyd, Edinburgh. 209 pp.

— and MIDDLETON, J. 1972. Bare bones, an exploration in art and science. Oliver and Boyd, Edinburgh. 119 pp.

HAUFF, B. 1921. Untersuchung der Fossilfundstatten von Holzmaden im Posidonienschiefer des oberen Lias
Wiirttemburgs. Palaeontographica, 64, 1-42.

HEMINGWAY, J. E. 1974, Jurassic. In RAYNER, D. H. and HEMINGWAY, J. E., The geology and mineral resources of
Yorkshire. Yorks. geol. Soc., Leeds, pp. 161-223.

HOFEMANN, J. 1958. Einbettung und Zerfall der Ichthyosaurier im Lias von Holzmaden. Meyniana, 6, 10-55.

HORNER, J. R. and MAKELA, R. 1979. Nest of juveniles provides evidence of family structure among dinosaurs.
Nature, Lond. 282, 296-298.

HOWARTH, M. K. 1962. The Jet Rock Series and Alum Shale Series of the Yorkshire Coast. Proc. Yorks. geol. Soc.
33,381-422.

1973. The stratigraphy and ammonite fauna of the Upper Liassic Grey Shales of the Yorkshire coast. Bull.
Brit. Mus. (nat. Hist.), Geol. 24, 238-277.

IRELAND, R. J., POLLARD, J. E., STEEL, R. J. and THOMPSON, D. B. 1977. Intertidal sediments and trace fossils from the
Waterstones (Scythian-Anisian?) at Daresbury, Cheshire. Proc. Yorks. geol. Soc. 41, 399-436.

JERISON, H. J. 1973. Evolution of the brain and intelligence. Academic Press, New York and London.

MORRIS, K. A. 1979. A classification of Jurassic marine shale sequences: an example from the Toarcian (Lower
TJurassic) of Great Britain. Palaeogeogr., Palaeoclimatol., Palaeoecol. 26, 117-126.

PANTIN, H. M. 1958. Rate of formation of a diagenetic calcareous concretion. J. sediment. petrol. 28, 366-371.

ROBINSON, J. A. 1975. The locomotion of plesiosaurs. N. Jb. Geol. Paliont. Abh. 149, 286-332.

SAINT-SEINE, P. DE. 1955. Sauropterygia. In PIVETEAU, J. (ed.), Traité de Paléontologie, V (Amphibiens, Reptiles,
Oiseaux). Masson, Paris, pp. 420-458.

SEELEY, H. G. 1888. On the mode of development of the young in Plesiosaurus. Rept. Brit. Assn Adv. Sci.,
Manchester 1887, Section C, 697-698. [Abstract; a second, edited, version is in Geol. Mag. 3), 4, 562-
563.]

— 1896. On a pyritious concretion from the Lias of Whitby, which appears to show the external form of the
body of embryos of a species of Plesiosaurus. Ann. Rept Yorks. philos. Soc. 1895, 20-29.

SELLWOOD, B. W. 1970. The relation of trace fossils to small scale sedimentary cycles in the British Lias. /n CRIMEs,
T. P. and HARPER, J. C. (eds.), Trace Fossils (Geol. Soc. London, Special Issues, No. 3). Seel House Press,
Liverpool, pp. 489-504.




THULBORN: ‘PLESIOSAUR EMBRYOS’ 359

SELLWOOD, B. W. 1971. A Thalassinoides burrow containing the crustacean Glyphea udressieri (Meyer) from the
Bathonian of Oxfordshire. Palaeontology, 14, 589-591.

—— DURKIN, M. K. and KENNEDY, W. 1. 1970. Field meeting on the Jurassic and Cretaceous rocks of Wessex:
report by the directors. Proc. geol. Assn., 81, 715-732.

URLICHS, M., WILD, R. and ZIEGLER, B. 1979. Fossilien aus Holzmaden. Stuttgarter Beit. zur Naturk. C 11, 1-34.

WALLS, G. L. 1942. The vertebrate eye and its adaptive radiation. Bull. Cranbrook Inst. Sci. 19, 1-785.

WARME, J. E. and OLSON, R. w. 1971. Lake Brownwood spillway. In PERKINS, B. (ed.), Trace fossils: a field guide.
Louisiana State Univ. School Geosci., misc. Publns No. 71. pp. 27-43.

WEIMER, R. J. and HOYT, J. H. 1964. Burrows of Callianassa major Say, geologic indicators of littoral and shallow
neritic environments. J. Paleont. 38, 761-767.

WILLISTON, S. W. 1914. Water reptiles of the past and present. Chicago Univ. Press, Chicago. 251 pp.

WOODWARD, A. 8. 1898. OQutlines of vertebrate palaeontology for students of zoology. Cambridge Univ. Press,
Cambridge. 470 pp.

RICHARD A. THULBORN
Department of Zoology

University of Queensland

o ) ) St. Lucia
Original typescript received 7 January 1981 Queensland 4067

Revised typescript received 14 April 1981 Australia



