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ABSTRACT - A review of the occurrences of the Middle Jurassic pachycormid fish Leedsichthys is presented, including a 
new French locality. The variety of past misidentifications of these remains is noted, and the bones reinterpreted according 
to information derived from the broader hypodigm of material available for study. Trace fossils from the Lower Callovian 
outside Basel in Switzerland are assessed with regard to Leedsichthys, in addition to a review of relevant body fossil material 
from France, Germany and Chile.
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Leedsichthys, un poisson pachycormidé du Jurassique Moyen - Les localités ayant livré des restes du pois-
son pachycormidé Leedsichthys du Jurassique moyen sont inventoriées, y compris une nouvelle localité française. Les divers-
es erreurs d’identification de ces restes sont notées, et les os sont réinterprétés selon les informations livrées par l’hypodigme 
élargi du matériel disponible pour étude. Des traces fossiles du Callovien inférieur des environs de Bâle, en Suisse, sont 
évaluées en relation avec Leedsichthys; un inventaire du matériel osseux pertinent provenant de France, d’Allemagne et du 
Chili est dressé.

Mots-clés: Leedsichthys, Callovien, Lexovisaurus, Pachycormidae, Desert de l’Atacama, Kimméridgien, Vaches Noires, Cap 
de la Hève, Ornatenton, Liesbergmüli.

INTRODUCTION

Although first described in 1889, a number of histor-
ical misidentifications of its bones have hindered the spread 
of awareness of the osteology of Leedsichthys, leaving this 
animal obscure. Of the few published works that have dealt 
with Leedsichthys, most have concentrated on material col-
lected from the Callovian Oxford Clay around Peterborough. 
In this paper, some of the more commonly misidentified ele-
ments will be noted with reference to their likely position in 
the skeleton of Leedsichthys, with particular emphasis being 
given to material coming from localities outwith the vicin-
ity of Peterborough in England. A summary of specimens 
referred to in detail is presented in the Annexe (Tables 1 and 
2). This work is a prelude to a broader reassessment of all 
identified skeletal elements of Leedsichthys.

EARLY ENGLISH DISCOVERIES

Up to the time of the first discovery of Leedsich-

thys, the Callovian Oxford Clay around Peterborough (fig. 1) 
had yielded large reptile bones for many years (Porter, 1861), 
mostly through the endeavours of the fossil-collecting gen-
tleman farmer Alfred Nicholson Leeds (Leeds, 1956). The 
fact that reptilian remains were known to be reasonably com-
mon, combined with the unusually large, thin and flat quality 
of a new set of bones, led to the first describer appending 
Leedsichthys bones to a description of some stegosaur bones 
from the same clay (Hulke, 1887). Hulke also incorrectly de-
scribed the material as coming from the Kimmeridge Clay 
(Kimmeridgian in age, 154.7-152.1 mya), when it was ac-
tually from the older Callovian Oxford Clay (157.1-167.3 
mya) around Peterborough (Harland et al., 1990). 

In attributing these fossilised remains to a stegosaur, 
the reasoning of Hulke was that these large plate-like bones 
resembled the armour plates described from the back of Ste-
gosaurus from the Jurassic deposits of the Rocky Mountains 
of the United States by Othniel Charles Marsh (Marsh, 1880; 
1881; 1887). The year after publishing his analysis of the 
dermal armour of Stegosaurus (Marsh, 1887), Marsh himself 
visited England. He had spent the previous ten years collect-
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ing large quantities of dinosaur material in the United States, 
and was now touring Europe to review all the dinosaur mate-
rial he could track down, for comparative purposes (Marsh, 
1889). Hulke’s paper had attracted Marsh’s attention, and he 
wished to examine the dinosaurian remains in Alfred Leeds’ 
collection, including those identified as dermal plates of a 
stegosaur. The question, raised by Hulke (1887) was whether 
or not the Peterborough Omosaurus was congeneric with the 
North American Stegosaurus. Marsh travelled to the Eye-
bury home of the collector Alfred Leeds to see the mate-
rial (‘OC Marsh from Yale’ is noted in the Eyebury visitors’ 
book as visiting on 22nd August 1888, in the company of 
Henry Woodward, Keeper of the Department of Geology, 
British Museum (Natural History) (Anonymous, 1921)), and 
declared emphatically that the plate-like bones in question 
were in fact “piscine” in character (Smith Woodward, 1889a: 
p. 452). Such mistakes evidently continued to bother Marsh, 
as he wrote in his last letter to Henry Woodward, some ten 
years later, regarding some casts he was sending him: “…
considering what confusion there seems to be in your coun-
try on the subject [of the Dinosauria], good casts of the char-
acteristic American specimens might help on the missionary 
work of scientific instruction, and thus aid in bringing still 
nearer together our two countries.” (Woodward, 1899). Al-
though Hulke was in the wrong in his identification of those 
particular flat bones, he was at least partly in the right, as the 
other bones that he used in his description (not associated 
with the large flat plate-like bones) are still regarded as be-
longing to the stegosaurid Lexovisaurus (Hoffstetter, 1957). 

At the time of Marsh’s visit, Arthur Smith Wood-
ward was a relatively new employee at the British Museum 
(Natural History) (Townsend, 1962), who specialised in fos-
sil fish. Alerted to the piscine nature of this specimen, Smith 
Woodward gave early intimation in a review of the fossil 
record of sturgeons that a new fish was soon to be described, 
stating his belief that it was a large “Acipenseroid” (Smith 
Woodward, 1889b). However, the anticipated descrip-
tion was somewhat disappointing when it emerged in print 
(Smith Woodward, 1889a). Certainly, the reported sizes of 
the bones were impressively large, but their identifications 
were extremely vague and uncertain (Smith Woodward, 
1889a), Smith Woodward later admitting that beyond the gill 
rakers and fin-rays, the true identities of the bones of this fish 
were still far from clear (Leeds & Smith Woodward, 1897).

Unsatisfactory though Smith Woodward’s initial 
description of Alfred Leeds’ specimens (the type BMNH 
P.6921 and the “doubtfully associated” BMNH P.6922) might 
have been, it did also note that the remains of this fish had 
also been found in the Callovian Vaches Noire of Normandie 
in France – specimen BMNH 32581 (fig. 2) (Smith Wood-
ward, 1889a). In spite of this, Wenz omitted Leedsichthys 
from her 1967 faunal list of fossil fish that occurred in the 
Vaches Noire area between Villers-sur-Mer and Houlgate, 
mentioning only Mesturus and Eurycormus (Wenz, 1967). 
The distribution of Leedsichthys was clearly not restricted 
to the district of Peterborough, and indeed a 265mm long 

fin-ray fragment of Leedsichthys excavated from the Oxford 
Clay of Christian Malford (fig. 1), Wiltshire, had already 
been purchased by the British Museum (Natural History) 
from William Cunnington Esq. in February 1875 (BMNH 
46355). 

FRENCH FINDS

The specimen from Vaches Noire (Dives, Nor-
mandie) noted by Smith Woodward (1889a) is a concretion 
12cm across, containing around twenty disarticulated gill 
rakers ranging in length from 98-114mm (fig. 2). It was pur-
chased by Richard Owen as part of “a series of specimens 
from the Jurassic of Normandie” from “M’sieu Tesson of 
Caen” in 1857, recorded as “Branchiostegous rays of Fish” 
(Palaeontology Department specimen catalogues, additions 
Geology, Vertebrata volume 2; NHM unnumbered; Buffet-
aut, 1983), and is the earliest known collected specimen of 
Leedsichthys. There has been a thriving culture of fossil col-
lectors in the area between Villers-sur-Mer (fig. 1) and Houl-
gate for many years, to the extent that Flaubert referred to it 
in his posthumously-published novel ‘Bouvard et Pécuchet’ 

Figure 1 - Map showing European localities where Leedsichthys 
remains have been uncovered. C = Cap de la Hève; CM = Christian 
Malford; L = Liesberg P = Peterborough; V = Villers-sur-mer; W = 
Wiehengebirge.
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(Flaubert, 1884) (noting, in the process, the reputation that 
the collectors of Villers had, of selling their specimens to the 
English). In this novel, the two main characters are retired, 
and develop an enthusiasm for collecting fossils. Almost 
prophetically, at one point Bouvard and Pécuchet believe 
that they have discovered a gigantic fossil fish in the Jurassic 
cliffs of Normandie (albeit at the Bajocian type locality of 
Falaise des Hachettes), but it is so fragile that they destroy it 
while attempting to retrieve it. 

The tradition of private collectors on these beaches 
has continued to the present day: Bardet et al. (1993) used 
material collected recently by M & M Charles and G & E 
Pennettier for her histological analysis, which identified 
fossilised remains as belonging to Leedsichthys, and the 
Pennettiers still acquire well-preserved material (including 
Leedsichthys) from this site (Liston, 2008). The Callovian 
outcrop at this locality today is extremely poor. In the late 
nineteenth and early twentieth century, the ledges of Upper 
Callovian would usually become visible in the winter, but 
this has become rarer. At the start of the twentieth century, 
nearby excavations for a dam and local railway resulted in 
the sand level rising to cover the Peltoceras athleta zone. 

Figure 2 - BMNH 32581, a concretion of disarticulated gill rakers 
from Vaches Noire, the earliest-collected specimen of Leedsichthys. 
Scale bar = 50mm.

Figure 3 - Ceratobranchial of Leedsichthys from the collection of 
G. and E. Pennettier. A Ceratobranchial of Leedsichthys from the 
collection of G. and E. Pennettier, in dorsolateral view to show un-
crushed form of bone. Scale bar marked in centimetres.; B Cera-
tobranchial of Leedsichthys from the collection of G. and E. Pen-
nettier, sectioned to show uncrushed form of bone.; C Transverse 
section of ceratobranchial under microscope from the collection 
of G. and E. Pennettier, showing extensively remodelled lamellar 
bone. Image courtesy of N. Bardet.
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Figure 4 - Ceratobranchial of Leedsichthys, part of the holotype specimen BMNH P.6921. A Ceratobranchial of Leedsichthys, part of the 
holotype specimen BMNH P.6921, in dorsolateral view, to show flattening of bone. Scale bar = 100mm., B Ceratobranchial of Leedsich-
thys, part of the holotype specimen BMNH P.6921, in dorsal view. Scale bar = 100mm. C-Gill basket specimen BMNH P.10156 on display 
in the 1970s. This specimen was excavated as a nodule by Alfred Leeds, and so preserves much of its three dimensional form without the 
crushing normally associated with English Oxford Clay specimens of Leedsichthys. The hyomandibula on the left is 687mm high. Image 
supplied by Alison Longbottom, NHM (London).
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The situation has slowly deteriorated over the decades since 
then: collectors today have to dig below the 0.5-1 metre 
thick sand at the foot of the Kimmeridgian-Toarcian Vaches 
Noire cliffs at low tide, under the constant threat of the im-
minent return of the tide. The fossil material yielded reveals 
not only the presence of Leedsichthys, but also a Callovian 
assemblage of pliosaurids, plesiosaurids and crocodilians, as 
diverse as that of the Oxford Clay around Peterborough. Al-
though problematic to access, in many ways the material has 
advantages over the English equivalents, as it is usually well 
supported by internal sediment and so preserved in three 
dimensions (figs. 3a-c), rather than crushed flat (figs. 4ab). 
Some specimens occur in nodules, requiring hours of me-
chanical preparation, but the results are greatly enlightening 
in terms of the overall morphology of the undistorted bones.

In 2004 a new Leedsichthys locality (fig. 5) was 
discovered in the Argiles d’Ecqueville supérieur north of 
Octeville at Cap de la Hève (fig. 1), northeast of the Villers-
sur-Mer Vaches Noire Callovian locality (D. Gielen, pers. 
comm., 03/2005). This is particularly important as it is an 

Upper Kimmeridgian occurrence (Gallois, 2005), and ex-
tends the stratigraphic range of this genus by 5 million years. 
The Kimmeridge Clay of Dorset was referred to as a source 
of Leedsichthys material by Arthur Smith Woodward (Smith 
Woodward, 1895; Leeds & Smith Woodward, 1897; Zittel, 
1925) but with no record of where the relevant specimen(s) 
might have been deposited. No material matches this de-
scription within the collections of the Natural History Mu-
seum (London). It has been suggested (Martill, pers. comm.) 
that climatic change at the end of the Callovian (Dromart 
et al., 2003a; 2003b) was responsible for driving Leedsich-
thys from the northern hemisphere via the Hispanic Corridor 
(Riccardi, 1991; Whatley & Ballent, 1994; Tethys Seaway 
of Arratia, 1996) so that after the Callovian the genus con-
tinued only in the southern hemisphere (see ‘American Oc-
currences’, below). However, it is clear from this occurrence 
in the Upper Kimmeridgian of France that if this constraint 
was in effect, then it was only a temporary restriction of the 
geographical range of Leedsichthys.

Figure 5 - Gill raker of Leedsichthys GLAHM 132787 from the Upper Kimmeridgian of Cap de la Hève, image courtesy of D. Gielen. 
Gill raker is 73mm in length.
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‘SCHWANZSTACHELN’

In 1901 Friedrich von Huene, of the University 
of Tübingen, Germany, visited the Woodwardian (now the 
Sedgwick) Museum of the University of Cambridge, to re-
view possible dinosaur material held in the Cambridge col-
lections (Huene, 1901). Following this visit, he published 
on a number of the specimens in the collection that he 
had interpreted as dinosaur material. Amongst these speci-
mens was a series of associated bones that he figured as 
‘schwanzstacheln’, or tail spines, of a stegosaurian dinosaur 
(specimen number CAMSM J.46873; fig. 6). The bones had 
been collected in 1899 by Henry Keeping, a rival collec-
tor to Alfred Leeds. Alfred Leeds had an arrangement with 
many of the quarrymen excavating the Oxford Clay in the 
pits around Peterborough, whereby he would financially re-
ward them for notifying him of any bones they came across 
(Leeds, 1956). In order to get the quarrymen to give bones 
to him instead of Leeds, Keeping resorted to telling them 
that Leeds had stopped collecting bones (which he had not - 
Alfred Leeds continued to collect and prepare bones up until 
his death in 1917) (Leeds, 1956). Keeping had acquired the 
material examined by von Huene (1901) from clay brick pits 
in the Fletton district south of Peterborough – Alfred Leeds’ 

prime collecting ground. Leeds was alerted to the erroneous 
identification by his friend Bernhard Stürtz of Bonn, who 
sent him a copy of von Huene’s paper (1901). Leeds com-
mented on the misidentification in a letter to Arthur Smith 
Woodward the same year, saying “I should like to have a 
cut at old Keeping – so as to expose his ignorance in putting 
these bones together – but it does not look as though any one 
at Cambridge knew much about bones.” (Leeds, 1901). 

The bones figured by von Huene (1901) are elon-
gate and curved, extend up to a metre in length, and have 
a ‘woven’ surface texture common to many bones of Leed-
sichthys, in contrast to the conical and smooth-surfaced tail 
spines of a stegosaurian dinosaur (fig. 8d). In this specimen, 
through the hardening of the clay matrix into a concretion, 
something of the in vivo relationships of these bones seems 
to have been preserved (as noted by Huene [1901]). The 
bones have grooves down their basal lengths, so that they 
loosely interlink to form a longitudinal base. This sequence 
of curved elongate elements strongly suggests skeletal com-
ponents of a meristic series. Possible candidates for such a 
series in the skeleton of an osteichthyan would be branchi-
ostegals, supraneurals, neural spines, pleural ribs, haemal 
spines and dorsal fin-rays. Typically there are between thirty 
and fifty filiform branchiostegals in pachycormids (McAl-
lister, 1968), and the bones figured by von Huene are neither 

Figure 6 - CAMSM J46873, the Leedsichthys remains figured as stegosaur ‘Schwanzstacheln’ by von Huene in 1901. Scale bar = 100mm
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the correct shape nor present in large enough numbers for 
these to be likely branchiostegals. Although it is possible that 
these elements are supraneurals, their curvature runs counter 
to that seen in other pachycormids, travelling superiorly then 
posteriorly, as opposed to posteriorly then superiorly (Smith 
Woodward, 1916; Hauff & Hauff, 1981), making these un-
likely to be homologous bones to supraneurals. It seems un-
likely that pleural ribs would articulate together, and the rela-
tively swift change in curvature and length of these bones 
over the distance represented by CAMSM J.46873 would 
seem to argue against their being ribs or haemal spines, as 
they would seem to define a shorter fish like Mola, unlikely 
to be combined with such an extensive lunate tail as BMNH 
P.10000. Although different to the dorsal fin-rays of many 
osteichthyans, these bones are similar to the unsegmented 
form seen in other pachycormids such as Asthenocormus 
and Saurostomus (Smith Woodward, 1916; also specimen 
JM SOS 3556 which has a fracture running between the two 
sets of hemitrichia). 

Hoffstetter (1957) correctly noted that the bulk of 
the specimens figured by von Huene (1901: fig. 3) were of 
a giant fish, rather than a stegosaur (Hoffstetter, 1957: p. 
542). Unfortunately Galton (1985), in relaying Hoffstetter’s 
1957 correction to von Huene’s misidentification, referred to 
these bones as gill rakers. Contra Galton (1985), they resem-
ble the dorsal fin spines (rather than metre long gill rakers) 
of pachycormids like Asthenocormus (pers. obs.) from the 
Tithonian Solnhofen limestone and Saurostomus from the 
Toarcian Holzmaden shale. A similar view was espoused by 
Alfred Leeds in a personal letter to Arthur Smith Woodward 
(The Official Archives of The Natural History Museum, 
held by the General Library (NHM-GL) and Earth Science 
Library (NHM-ESL); Alfred Nicholson Leeds to Arthur 
Smith Woodward, 18 March 1898; Correspondence section 
NHM-GL DF 100/31(Liston & Noè, 2004)). Also, many 
specimens of Leedsichthys contain this type of elongate and 
curved bone (GLAHM V3363, PETMG F1, PETMG F174, 
PETMG R189, OUMNH J.1803, NMW 19.96.G9, CAMSM 
X.50111, CAMSM X.50117, CAMSM J.27444, CAMSM 
J.46876-8, LEICT G471.1897, LEICT G472.1897, LEICT 
G473.1897, LEICT G519.1993.1-7, BMNH P.6921, BMNH 
P.6924, BMNH P.6925, BMNH P.6928, BMNH P.11825, 
BMNH P.66341, BMNH P.66342), although rarely do they 
contain such an apparently complete sequence as that repre-
sented by the Cambridge specimen. 

The other specimens figured and described by 
von Huene in his 1901 paper on dinosaur material from the 
Woodwardian (now Sedgwick) Museum did actually con-
stitute stegosaurian and other dinosaur remains. But such 
mistakes have been common since Leedsichthys was first 
described. Specimens sold to Liverpool University in April 
1919 by the Leeds Family as Leedsichthys were later erro-
neously described as bones from the skull roof of the ich-
thyosaur Ophthalmosaurus icenicus and ribs from indeter-
minate reptiles (Neaverson, 1935). Lack of awareness of this 
fish and the nature of its remains have also frequently led to 

misidentifications of some of the more obscure remains of 
other animals, as being components of Leedsichthys. In one 
case, the misidentification of some small actinopterygian jaw 
bones as the gill rakers of Leedsichthys led to this fish erro-
neously being reported as occurring in the Kellaways Sands 
of Lincolnshire (Brown, 1990; Brown & Keen, 1991). In an-
other case, a beautifully complete specimen of a pliosaur ex-
occipital-opisthotic was misidentified as (presumably) being 
a vertebra of Leedsichthys (Noè et al., 2003), although due to 
reduced ossification of its skeleton (Liston, 2004a), no verte-
bra has ever been recovered for Leedsichthys. This is a phe-
nomenon that varies widely across the Pachycormidae, from 
the centra being well preserved in a small genus like Haa-
sichthys from the Toarcian of Luxembourg (Delsate, 1999), 
to the centra being utterly absent in large Toarcian specimens 
of Saurostomus (Smith Woodward, 1916) and Ohmdenia 
(Hauff, 1953; Lambers, 1992). The preservation of vertebral 
components can also be seen to vary widely even across dif-
ferent species of the genus Pachycormus, excavated from the 
Toarcian of Holzmaden (Hauff & Hauff, 1981).

GERMAN OCCURRENCES

Almost a century after the first description of 
Leedsichthys, the geographical distribution of this taxon ex-
panded, with a specimen found in northern Germany, in the 
Störmer quarry of Wallücke (fig. 7a), in the 300 metre high 
chain of the Wiehen Mountains (‘Wiehengebirge’) between 
Osnabrück and Minden, near Bünde. In 1978, a school-age 
group of amateur palaeontologists from the Scientific Club 
for Bielefeld and District (Naturwissenschaftlicher Verein 
für Bielefeld und Umgegend), collecting ammonites (fig. 
7c), found the first bony remains from this site – pliosaur 
bones lying just below the Erymnoceras sp. layer that they 
were collecting from. Over time, as they collected more of 
these ammonites from the Middle-Upper Callovian strata of 
the ‘Ornatenton’ (as the Oxford Clay is referred to in this 
region), more of the bone-bearing layer was exposed, until in 
July 1982 the first remains of Leedsichthys were recovered. 
In the same month, another school-age group of collectors, 
from the Bünde Palaeontological Working Group (Paläon-
tologische Arbeitsgruppe Bünde) independently found the 
remains of the same fish at the site. But it would not be until 
six months later that a chance encounter between members 
of each group (Ralf Metzdorf of the former, and Matthias 
Metz of the latter) in an entirely different quarry led to the 
realisation that each group had been excavating the same 
animal. 

In the meantime, the Bielefeld group had brought 
their finds, resembling fossilised reeds, to Martin Büchner 
of the Bielefeld Natural History Museum for identification. 
Although he could not say to what animal they might have 
belonged, he believed them to be vertebrate and therefore 
potentially important, and so arranged for them to be passed 
to the Office for the Protection of Monuments. The repre-
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sentative from the Office, Mr Niemier, decided that they 
were fossil plant, and sent Mr. Schultka of the Palaeobota-
ny Research Group of the Westfalian Wilhelms-University 
to the quarry to collect a sample for analysis. Büchner and 
Schultka independently thin-sectioned the material and con-
firmed the original analysis – that it was indeed bone, and not 
plant material, as Haversian systems appeared to run through 
it, but no phloem or xylem vessels (fig. 7di and dii). 

Following the chance meeting of Metz and Metz-
dorf, and the results of the histological analysis, a joint ex-
cavation was planned by both groups of collectors, running 
from November 1st to 3rd 1983 (fig. 7b). This yielded a large 
number of vertebrate remains (which mainly were transferred 
to the Westphalisches Museum für Naturkunde, although 
some pieces entered private collections), spread over an area 
roughly 30 metres by 30 metres. As a result of this, three fur-
ther digs were conducted on the same site between 1985 and 
1989 by the Westphalisches Museum für Naturkunde, each 
unfortunately only yielding relatively few remains in com-
parison with the November 1983 excavation. The last of the 
three digs reported only finding “a few bone splinters of the 
previous skeleton…badly eroded by weathering.” (Probst & 
Windolf, 1993: p. 157). The vertebrate remains from all of 
these digs were almost entirely Leedsichthys, the only ex-
ceptions being pliosaur material and chondrichthyan teeth. 
Importantly, this Störmer specimen was the first to ever be 
mapped (Probst & Windolf, 1993; Michelis et al., 1996), al-
beit retrospectively, by Metzdorf, using photographs taken 
over almost fifteen years. This provided the first indications 
of the relative disposition of the bones of a specimen of 
Leedsichthys, as all previously collected specimens had ei-
ther been accessioned as isolated and unconnected slabs, or 
had had all matrix removed from them.

In 1986, Metzdorf prepared some of the material 
in the Westphalisches Museum für Naturkunde and took 
samples to Dr Rupert Wild of Stuttgart Natural History 
Museum, who identified one bone (WMfN PM 17006/8) 
found in the centre of the Leedsichthys assemblage as the 
‘schwanzstacheln’ or tail spine of a stegosaurian dino-
saur (fig. 8a). This was despite the fact that WMfN PM 
17006/8 is a form of bone that is commonly found in other 
specimens of Leedsichthys from Peterborough (pers. obs.) 
(GLAHM V3363 (fig. 8b), PETMG F2, PETMG F174, PET-
MG R189, NMW 19.96.G8, CAMSM X.50118, CAMSM 
J.27438, CAMSM J.67471, LEICT G418.1956.15.2, LEICT 
G418.1956.15.5, BMNH P.6921, BMNH P.11823), and pos-
sesses a different surface texture, cross-section and no taper, 
compared with a stegosaurian tail spine (fig. 8d). 

It should be emphasised that this is a completely 
different element to the bone misidentified by von Huene as 
a ‘schwanzstacheln’ some 80 years earlier (Huene, 1901). 
The tail spines of Lexovisaurus are three dimensional solid 
cones, with an extremely smooth external surface, whereas 
WMfN PM 17006/8 is hollowed and commonly presents as 
crushed in other specimens of Leedsichthys. This bone is a 
hypobranchial, from the anterior part of the gill basket of 

Leedsichthys. As well as the crushed material listed above, 
this identification can be confirmed by comparison with the 
uncrushed hypobranchials present in the articulated gill bas-
ket specimen BMNH P.10156 (fig. 4c). This identification 
was supported during the June 2002 excavation of the most 
complete specimen of Leedsichthys (PETMG F174) yet 
found, jointly organised by the University of Portsmouth and 
the University of Glasgow’s Hunterian Museum (see Liston, 
2006). The initial identification of the possible presence of a 
specimen of Leedsichthys in the brick pit near Peterborough 
was made through a fragment of a bone that was a mirror 
image of one of the dorsal fin-rays figured by von Huene 
as ‘schwanzstacheln’. After more than ten weeks of digging, 
consisting of 3,119 hours of fieldwork, more than 2,100 
bones from the specimen (nicknamed ‘Ariston’, because it 
went ‘on and on’) had been retrieved. Amongst them was the 
bone morphotype identified at the Wallücke site as being a 
Lexovisaurus ‘schwanzstachel’, medial to the body end of a 
pectoral fin (fig. 8c), in the midst of other branchial elements 
and a dense mass of gill rakers. The Wallücke hypobranchial 
(WMfN PM 17006/8) is still displayed in the Westphalisches 
Museum für Naturkunde under the incorrect description of 
Lexovisaurus ’schwanzstachel’. 

The misidentification of the isolated bone as stego-
saurian was unfortunately consolidated in print by the pub-
lication of the results of a Masters Project in 1996 (Michelis 
et al., 1996), which also created new levels of confusion by 
attempting to set out a histological means of distinguishing 
between the ‘stegosaurian’ bone and the bones of Leedsich-
thys, and proceeding to thus formally amend the diagnosis of 
the taxon. The bulk of the Leedsichthys bone morphologies 
retrieved from Wallücke are highly fragmented branchial 
arch elements and caudal fin-rays. One piece, WMfN PM 
17006/1 (incorrectly figured in Michelis et al. (1996) as 
WMfN PM 17005/1 in Abb.5 the ‘find-plan’ map; in addi-
tion, WMfN PM 17005/2 is incorrectly noted in Michelis et 
al. (1996) as WMfN PM 17006/1 in Plate 2 Figure g), is 
a 470mm long section of fin-rays that appear to exception-
ally show tendons linking parallel rays (fig. 9a). Apart from 
small fragments, the only significant dermal skull material 
is represented by WMfN PM 17005/23 (fig. 9b) and WMfN 
PM 17005/24 (fig. 9c). These two pieces are part and coun-
terpart, with what appears to be a skull roof bone on WMfN 
PM 17005/23 impacted on to parts of the opercular series 
on WMfN PM 17005/24 (fig. 9d). Another bone of interest 
is specimen number PHB W 138/4 (Breitkreutz private col-
lection): in a similar error to Galton (1985), Michelis et al. 
(1996) notes this as a gill raker, and illustrates it with a scale 
bar indicating a total size of around 75mm. In actuality, this 
is incorrect as the illustrated specimen is in fact 310mm long 
(the scale bar is incorrectly noted at 25mm, when it is actu-
ally 100mm), and not a gill raker, but a fragment of a left 
cleithrum. Although this specimen (fig. 9e) is similar to the 
480mm long object figured in Abb.12 (PMM 19.1-21.1, 23.1 
(fig. 9f)), it is likely that this latter object is a component 
of the lower jaw, possibly the supraangular, although a fi-
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Figure 7 - A – Map showing localities in the Wiehen Mountains in northern Germany, after Metzdorf. B - The November 1983 joint exca-
vation in Wallücke. C - Bones of Leedsichthys exposed next to a specimen of Erymnoceras, the ammonite that originally led the fossil col-
lectors to prospect in the quarry. Brick hammer for scale. D – Transverse sections of specimen by Büchner, showing no xylem and phloem 
vessels. B, C and D courtesy of R. Metzdorf.
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Figure 8 - The hypobranchials of Leedsichthys. A - Cast (GLAHM 
109508) of WMfN PM 17006/8 Scale bar = 100mm B – Equivalent 
bone from Leedsichthys specimen ‘Big Meg’ (GLAHM V3363) 
Scale bar = 50mm; C - Equivalent bone from Leedsichthys speci-
men ‘Ariston’ (PETMG F174) indicated by black arrow. Boot in 
foreground for scale.; D Tail-spine of Lexovisaurus (CAMSM 
J46879) with element from series figured by von Huene (CAMSM 
J46873). Scale bar = 100mm.
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nal identification has not proved possible. The same element 
is represented in BMNH P.66340 (which features the only 
dentary of Leedsichthys known) and the ventral gill basket 
specimen (BMNH P.10156/3). The fact that this element is 
only found with these two specimens (which predominantly 
represent the skeleton of the lower jaw area), and that only 
the dentary is known from the lower jaw ramus, is why it is 
suggested that this bone is a lower jaw element. It is worth 
noting that in the absence of any gill rakers with the Wal-
lücke specimen, these elements with the fin-ray fragments 
are the only osteological link between these fossil remains 
and other specimens of Leedsichthys.

Although the description of much of the material 
from this quarry was correct, the spurious allocation of a 
bone to Lexovisaurus was indeed wrong – and having so 
correctly identified the rest of the bones, it is hard to under-
stand why this morphology was allocated to a dinosaur com-
pletely unknown from the locality. Fragments of this Ger-
man specimen of Leedsichthys are still cropping out today 
at the same site (pers. obs.). In 2002, pieces were collected 
(GLAHM 109518) and sampled for growth ring information, 
from which an estimated age of seventeen years, and a stand-
ard length estimate of around 7 metres have been derived 
(Liston, 2007). The remains of Leedsichthys have also been 
reported from the same stratigraphic level in a neighbour-
ing quarry in the Wiehengebirge – Luttersche Egge (pers. 
comm. Metzdorf). But the Wallücke specimen itself, through 
a combination of different independent collecting activities 
and protracted weathering out over a number of years from a 
40 degree inclined 900 square metre area, has become spread 
throughout a series of different public, as well as private, 
collections.

EVIDENCE FOR OTHER POSSIBLE EUROPEAN 
OCCURRENCES

Although no hard fossils of Leedsichthys have been 
identified in Central Europe, some Callovian age ‘Rinnen’ 
or ‘gutter’ traces uncovered in the Liesbergmüli clay pit (fig. 
1, 20 km SW of Basel, Switzerland) in 1987 have been in-
terpreted as ‘feeding troughs’ formed by large marine ver-
tebrates preying on invertebrates inhabiting Rhizocorallium 
surface burrows (fig. 10a) in less than ten metres water depth 
(Geister, 1998). Geister interpreted the largest (in terms of 
both length and width) of these (figs. 10b-c) as being pro-
duced by pliosaurs, a conclusion rejected by Noè (2001) on 
the grounds that it would be physically impossible for a plio-
saur to manoeuvre its head to generate the troughs without 
breaking its neck. 

Geister specifically dismissed Leedsichthys as a po-
tential manufacturer of these furrows, on the grounds that it 
was a filter feeder, but this is far from an obstacle. Geister 
proposed Lepidotes, Asteracanthus and Heterodontus as 
possible candidates for creating the narrower traces, arguing 
that there was a requirement for any candidate to have du-
rophagous (crushing) dentition, but there are contemporary 

models for this type of feeding behaviour without such teeth. 
The recent Heterodontus can pump water and sand across its 
gills in order to expose prey hidden in the surface of the sea-
bed. The recent freshwater fish, the Siberian sturgeon (Aci-
penser baeri), ingests large amounts of sediment and detritus 
while feeding on its benthic prey (chironomid larvae, amphi-
pods, isopods and polychaetes) (Sokolov & Vasil’ev, 1989). 
Traces of such invertebrate fauna are commonly found in 
Callovian and Oxfordian marine sediments (e.g. Radwańska, 
2004). Although previously the paddlefish has been cited as 
a ‘benthic siever’ in this style, Grande and Bemis (1991) 
have recently questioned whether this behaviour has actually 
been observed, or simply assumed from the unusual cranial 
morphology of these bony fish. Jobling (1995) also alludes 
to pleuronectids employing ‘suctorial feeding’ on benthic 
prey, but does not indicate the degree to which sediment is 
taken into the mouth, or further ingested by the body, during 
this process. Another recent suspension feeding fish Abramis 
brama (van den Berg et al., 1992) derives 50% of its nu-
trition from zooplankton extracted from the water column 
through suspension feeding with its well-developed gill rak-
er system, and 50% from chironomid larvae on the bottom of 
the lakes that it inhabits, although it bears edentulous jaws.

There are also marine, if non-piscine, examples of 
similar iliophagous behaviour, which are more comparable 
in terms of the size of the predator involved in extracting 
invertebrate prey from the surface sediment of the sea bot-
tom. Murray et al. (2002) reviewed the largescale impact of 
such activities by a range of vertebrates. Hans Nelson and 
Johnson (Hans Nelson & Johnson, 1987; Hans Nelson et 
al., 1987) have noted the production of channels similar to 
Geister’s ‘feeding troughs’ in seafloor sediments at depths 
of 30-50 metres by California grey whales and Pacific wal-
ruses. The furrows created by Pacific walruses (Odobenus 
rosmarus divergens) are the results of the walrus hydrauli-
cally clearing the mud from clams detected in the sediment 
with its vibrissae. The walrus then sucks the clam from its 
shell. In contrast, the California gray whale (Eschrichtius ro-
bustus) feeds by sucking in large quantities of sediment con-
taining the tube mat of the amphipod crustacean Ampelisa 
macrocephalus, which it then separates from the surround-
ing sediment, using its baleen plates. Like Abramis brama, 
the California gray whale also feeds on organisms that live in 
the water column. Although neither is a precise model for a 
trough generated by the predator’s head ploughing a furrow 
in the sea bed, as Geister interprets the Liesberg traces, they 
establish the precedent of large marine vertebrates taking 
mouthfuls of fauna-rich sediment from the sea floor, in order 
to extract epibenthic invertebrates for ingestion, in a man-
ner capable of generating large-scale feeding trails. It can 
be envisaged that this might be a form of feeding that a fish 
would grow into, through ontogenetic changes altering its 
range of prey and feeding styles (Jobling, 1995) in the same 
way as the feeding habits of any fish change with growth, as 
the feeding structures within the mouth attain an effective 
size to deal with extraction of prey from sediment. 
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So, far from being unreasonable for a suspension 
feeding animal to generate these troughs, there are plenty 
of contemporary examples of a wide range of suspension-
feeding vertebrates indulging in this behaviour. Given the 
quantity of marine vertebrates today that can facultatively 
utilise this benthic food source, it would be surprising if such 
a vertebrate did not occur in the Callovian marine ecosys-
tem. There is nothing in the anatomy of Leedsichthys to con-
traindicate such a feeding strategy, and van den Berg et al. 
(1994) specifically suggested that interdigitating gill rakers 
of the form displayed by Leedsichthys indicates a faculta-
tive suspension feeder that could vary its interraker gap in 
order to change its diet from benthic to suspension feeding 
and back again. It may have been that feeding on benthic 
invertebrates was the preferred feeding strategy for Leed-
sichthys when a suitably rich source of plankton was not 
immediately available. Geister’s (1998) argument that these 
troughs are biologically generated is convincing, the troughs 
are wide, the margins smooth, orientation meandering (like 
those formed by Pacific walruses on the Bering Shelf, Hans 
Nelson & Johnson, 1987) or straight. Reviewing the recog-
nised Callovian marine fauna, and excluding the pliosaurs on 
the biomechanical grounds suggested by Noè (2001), leaves 
Leedsichthys as the only currently known candidate to have 
a gape large enough (up to 600mm in width) to generate 
such a trough in the fashion suggested. These widest troughs 
(Geister’s gutter-type ‘c’) are also the ones that can exhibit 
a sinusoidal trough pattern (rather than the straight lines of 
the other gutter traces), perhaps reflecting the regular lateral 
oscillation of a swimming body travelling in anguilliform or 
carangiform mode (Blake, 1983), rather than random move-
ments or foraging behaviour. But this is all at best circum-
stantial evidence, and in the absence of any body fossils to 
support arguments for the presence of this fish in this envi-
ronment, this model remains conjecture.

The marine Callovian outcrops further east in Eu-
rope, noteably in Poland and south-east of Moscow, but 
thus far no report of Leedsichthys has been made from these 
regions. A 70mm-diameter fish vertebra has been reported 
from Poland’s marine Callovian (A. Radwanski, pers. comm. 
2004), but as no vertebrae have ever been identified from 
Leedsichthys, this find is unlikely to belong to that fish. As 
noted before, Leedsichthys, like some other members of the 
Family Pachycormidae, appears to exhibit a trend towards 
non-ossification of this part of its skeleton. As such, this ver-
tebra is more likely to belong to a large example of a catu-
rid like Osteorachis (known from the Peterborough Oxford 
Clay; Martill, 1991) than to Leedsichthys. 

REMAINS FROM THE AMERICAS

In terms of sedimentary marine units that might 
represent an appropriate environment for an animal such 
as Leedsichthys, the North American Sundance Formation 
seems a likely candidate. The Callovian-Oxfordian range of 

the Formation (Uhlir et al., 1988; Weems & Blodgett, 1996) 
neatly encompasses the range of the fish, as described ear-
lier. Although parts of the formation represent a shallower 
environment than the Oxford Clay (Uhlir et al., 1988), it 
has proven to be a deep enough marine environment to be 
a source for large marine vertebrate remains (Knight, 1898; 
Weems & Blodgett, 1996). As such, it might be considered 
surprising that the remains of Leedsichthys have not yet been 
identified within this Formation, but it has been argued that 
the marine reptiles occurring in the Sundance Formation ex-
hibit an apparent provincialism that indicates a possible dis-
crete Late Jurassic biogeographic Boreal Realm (Weems & 
Blodgett, 1996). If this reflects a geographic or environmen-
tal separation between the Middle-Upper Jurassic European 
and western North American assemblages, then it would 
not be surprising for this constraint to also have applied to a 
large fish such as Leedsichthys. 

However, the remains of Leedsichthys are not sim-
ply constrained to Europe: although the Jurassic of North 
America has not yet yielded any remains, the Jurassic (Ox-
fordian, 157.1-154.7mya) of South America has. Alexander 
Andrew Fergusson Leeds (or ‘Fergie’ as his family called 
him), the eldest son of Alfred Leeds (the original discover-
er of Leedsichthys), worked for the copper miners Norman 
Walker & Co. in Antofagasta in Chile (fig. 11a) from 1897 
until 1903. By a somewhat bizarre coincidence, in August 
1978 in the archaeological museum of this same city on the 
western edge of the Atacama Desert, Hans-Peter Schultze 
(of Lawrence University) came across the remains of a large 
fish (figs. 11b-c) from the local Middle Jurassic. Brought into 
the Museo de Arqueologia over the previous five years, the 
remains seemed to represent extremely large gill rakers with-
in a limestone matrix. Although, like Arthur Smith Wood-
ward’s first provisional identification (Smith Woodward, 
1889b), they were marked as possibly being part of a large 
acipenseroid/chondrostean fish, they were in fact the remains 
of Leedsichthys (Arratia & Schultze, 1999). On chancing 
upon them in the Museo de Arqueologia, Antofagasta, Hans-
Peter Schultze organised a dig, which retrieved more Leed-
sichthys material from Quebrada San Pedro and Quebrada 
Aquada Chica for this museum (fig. 11d). In March 1994 at 
a nearby locality north of Quebrada del Profeta, he discov-
ered and excavated a new and extensive specimen embedded 
in an extremely large block of limestone matrix (fig. 11e) 
(Arratia & Schultze, 1999) over several days with pickaxes 
and shovels. Like the other Atacama material, this speci-
men preserves detail well, but the remains are less robust 
than the matrix surrounding it, making preparation difficult. 
The Quebrada del Profeta 1994 material (Museo Nacional 
de Historia Natural, Santiago) is preserved in nodules, and 
has yet to be fully prepared for analysis. Its extensive nature 
(filling several crates) indicates a specimen that has much 
valuable information to contribute about the anatomy and 
lifestyle of this remarkable animal, in particular the structure 
of its gill basket. Shortly after this excavation, Martill and 
Frey were presented with a specimen of what was thought 
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Figure 9 - A – Cast (GLAHM 109509) of WMfN PM 17006/1, showing apparent tendons cross-linking between fin-rays Scale bar = 
100mm.; B - Skull roof element WMfN PM 17005/23. Scale bar below is 300mm. and C - Opercular element WMfN PM 17005/24. Scale 
bar below is 300mm. D - WMfN PM 17005/23 and WMfN PM 17005/24 as found in the field. Brick hammer for scale. E - PHB W 138/4 
with PMM 19.1-21.1, 23.1 Brick hammer for scale. ; F - PMM 19.1-21.1, 23.1 as found in the field. Brick hammer for scale. D and F 
courtesy of R. Metzdorf.
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to be an accumulation of Pterodaustro mandibles (fig. 11f). 
The sample had been retrieved during an annual student trip 
from a site some 300 km north of the Schultze excavation 
area (fig. 11g) (Martill et al., 1999; Liston, 2004a). The block 
was recognised as a lump of Leedsichthys gill rakers, but 
with what appeared to be fenestrae along the length of the 
ramus (Martill et al., 1999). These ‘fenestrae’ were used as 
the basis of erecting a new species of Leedsichthys, namely 
Leedsichthys notocetes, but subsequent analysis has revealed 
that these features actually appear to be erosional artefacts 
(Steel, pers. comm).

SUMMARY

It is interesting to contrast the perhaps understand-
able repeated confusion of the pachycormid Leedsichthys 
with a large acipenseroid fish (given the prominent gill rak-
ers and branching finrays common to both) with the some-
what bizarre confusion between three utterly different bones 
of Leedsichthys and a stegosaurian dinosaur (other speci-
mens of Leedsichthys have been misidentified as stegosau-
rian within the Sedgwick Museum’s collections, but these 
have not been formally published). It emphasises the need 
for general awareness to be raised regarding the appearance 
and form of the remains of this remarkable animal.

CONCLUSIONS

An account has been given of the geographical and 
stratigraphical extent of Leedsichthys. Misidentifications 
have been addressed, with particular emphasis on the dorsal 
fin-rays and the hypobranchial element of the gill basket.

INSTITUTIONAL ABBREVIATIONS

PETMG = Peterborough Museum and Art Gallery, 
Cambridgeshire, England.

GLAHM = Hunterian Museum, The University of 
Glasgow, Scotland.

BMNH = Natural History Museum (London), Eng-
land. 

SMNK = Staatliche Museum für Naturkunde Karl-
sruhe, Germany.

I = Museo de Arqueologia, Antofagasta, Chile.
WMfN = Westphalisches Museum für Naturkunde, 

Münster, Germany.
PMM = Privatsammlung Matthias Metz, Bünde, 

Germany.
PHBW = Privatsammlung Harry Breitkreutz, 

Enger, Germany.
OUMNH = Oxford University Museum of Natural 

History, Oxfodshire, England.
JM SOS = Jura Museum, Eichstätt, Germany.

Figure 10 - A – The Liesbergmüli clay pit in 1987, showing the range of alleged iliophagous ‘gutter traces’. Note car to right of image for 
scale. ; B – some of the wider iliophagous ‘gutter traces’ originally argued to be made by pliosaurs. Groove to the upper left is 3.5 metres 
long and attains a maximum width of 60cm, mark to the right of centre of view is 5.5 metres long and 45cm wide; C – broader view of 
bed, showing disposition of range of sizes of putative traces of benthic feeding (for scale, note figure, 1.8 metres high, in bottom left of 
photograph). All images courtesy of J. Geister.
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Figure 11- A – Map of Chile, showing Antofagasta and the 1994 
and 1999 localities – S = Quebrada del Profeta, M = Quebrada Cor-
ral; B – I-190173 and C I8-021173, 2 specimens collected from east 
of Antofagasta Scale bar = 100mm.; D some of the material col-
lected in 1978 by H.-P.Schultze Drawer is 500mm wide E - some of 
the material collected in 1994 by H.-P.Schultze Drawer is 500mm 
wide.; F – type specimen (SMNK 2573 PAL) of Leedsichthys noto-
cetes; Scale bar = 100mm; G – type locality of Leedsichthys noto-
cetes , with Frey (figure on left, 1.8m tall) for scale.
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NMW = National Museums and Galleries of Wales, 
Cardiff, Wales.

LEICT = Museum and Art Gallery Leicester, 
Leicestershire, England.

CAMSM = Sedgwick Museum of Geology, Uni-
versity of Cambridge, England.
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