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Abstract: New material of the cirripede genus Concinnalepas is described from the 

Kimmeridge Clay (Tithonian) of Dorset (UK) and the Marnes de Port (Bathonian) of Port-en-

Bessin in Normandy (France). Articulated specimens of C. costata (Withers, 1928), attached 

to driftwood from Kimmeridge, provide hitherto unknown details of tiered lateral plate 

formation in the species, and Concinnalepas bessinensis sp. nov. and C. rugosa sp. nov. are 

described from Normandy and Dorset, respectively. Concinnalepas bessinensis sp. nov. is 

the oldest calcite-shelled cirripede known to date. A review of the distribution of Jurassic 

calcareous cirripedes demonstrates that pre-Kimmeridgian records are very sparse and 

scattered and the early evolutionary history of the group is poorly known. The late 

Kimmeridgian and Tithonian saw a radiation of the family Zeugmatolepadidae and a great 

increase in abundance of cirripedes which mostly lived as epiplankton, attached to 

driftwood and ammonite shells. 
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1. Introduction 

 



2 
 

Over the past few decades, Steve Etches has made numerous remarkable new finds of 

vertebrate and invertebrate fossils from the Kimmeridge Clay of the Dorset coast, many 

now on display in the Museum of Jurassic Marine Life (MJML) at Kimmeridge, Dorset. 

Amongst the most interesting are articulated pedunculate cirripedes (“goose barnacles”), 

attached to driftwood or ammonite shells, preserved in exquisite detail, some in life 

position, still hanging down from the woody substrate (Gale 2019a). Articulated Jurassic 

cirripedes are very uncommon fossils, previously virtually unknown, except from the Oxford 

Clay Lagerstätte of Christian Malford, Wiltshire (Morris 1845; Withers 1928) and the 

lithographic limestones of southern Germany (Keupp et al. 1999; Gale et al. 2019). The 

Kimmeridge material is important for our understanding of the early evolution of calcite-

shelled barnacles, which appeared in the Bathonian (Middle Jurassic) and radiated during 

the Cretaceous to form the clades which are dominant in present-day oceans (Gale 2019a; 

Chan et al. 2020).  

Almost all living barnacles have calcite shells; they were derived from phosphatic-

shelled forms, of which very few are extant, notably Ibla, a Palaeozoic survivor, originally 

described by Charles Darwin. The oldest known calcite-shelled barnacle genus is 

Concinnalepas Gale, 2014, from the Bathonian to Tithonian stages of the Jurassic, known 

only from southern England and northern France. Steve Etches has recently collected new, 

articulated material of the genus from the Pectinatites hudlestonei ammonite Zone at 

Kimmeridge (Figs 1, 3), attached to driftwood, which shows new morphological features. 

Additionally, I have recently collected material of the oldest known occurrence of the genus, 

in Bathonian clays at Port-en-Bessin in Calvados, France (Figs 1, 6). These materials form the 

basis of a redescription of the genus Concinnalepas. 

 

2. Localities and stratigraphy 

 

2.1. Kimmeridge, Dorset, UK 

 

Cliff and foreshore exposures of the Kimmeridgian–Tithonian Kimmeridge Clay Formation 

extend between the village of Kimmeridge and Chapman’s Pool (Blake 1875; Cox and 

Gallois, 1981; Morgans Bell et al. 2001; Cope 2016) and the hudlestoni, pectinatus, 

pallasioides and rotunda ammonite zones have yielded cirripedes (Fig. 3). Superbly 
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preserved, articulated material is found attached to ammonite shells and driftwood, 

sometimes in abundance (Gale 2019a). Recent discoveries by Steve Etches of Concinnalepas 

costata (Withers, 1928) from the Pectinatites hudlestoni ammonite Zone are described in 

the present paper. 

 

2.2. Grove Bay, Portland, Dorset, UK 

 

In the north-east side of Portland, there is a small but good exposure of the Kimmeridge 

Clay in Grove Bay (Figs 4, 5), where 13.5 m of clay belonging to the Pavlovia rotunda and 

Pavlovia pallasioides ammonite zones is exposed in a low cliff, the base of which is wave-

washed. The section yielded a partial skeleton of the plesiosaur Colymbosaurus (Brown 

1983) and Palmer (1987) recorded a diverse assemblage of small calcitic and phosphatic 

fossils associated with the plesiosaur; some of this material was provided by David Ward. 

Gallois and Etches (2001) described the succession and identified a “Chapman’s Pool Pebble 

Bed”, presumably within the horizon containing soft phosphates, and suggested that Blake’s 

Bed 2 was represented by an organic-rich level about a metre higher in the succession. 

Samples (GB1–5) taken here (Fig. 4) have yielded abundant cirripede valves, including, most 

commonly, Etcheslepas fragilis (Withers, 1928) and Concinnalepas rugosus sp. nov. Material 

of these species, plus Martillepas hollisi (Withers, 1928) from Grove Bay, was illustrated by 

Gale (2014, 2019a). 

 

2.3.Port-en Bassin, Calvados, Normandy, France 

 

The succession east of the town of Port-en-Bassin (Fig. 6) in Calvados comprises several 

metres of the uppermost Calcaire à Spongiaires Formation, which is of late Bajocian, 

Parkinsonia parkinsoni ammonite Zone age (Dugué et al. 1998, 2016). This is a wackestone, 

which contains abundant sponges in the lower part. The summit is marked by a burrowed 

discontinuity surface, the Surface de Port-en-Bessin 1, and is overlain by the triple limestone 

of the Couches de Passage (0.5–0.6 m) which yields ammonites of the lower Bathonian 

Zigzagiceras zigzag Zone (Dugué et al. 1998, 2016). The top is marked by another 

discontinuity surface, the Surface de Port-en-Bessin 2, which immediately underlies the 

alternating marls and marly limestones of the Marnes de Port Formation (Procerites 
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progracilis ammonite Zone). The basal few centimetres are a lag deposit which contains 

numerous belemnites and small phosphatised intraclasts. Twenty kilogrammes of samples 

of clay were taken from three levels (PenB2, 2a and 2b), dried, washed and sieved. All 

yielded cirripede valves, which were most abundant in the lowest sample (PenB2). 

 

3. Jurassic thoracicalcarean cirripedes – distribution and evolution 

 

The known occurrences of Jurassic calcareous cirripedes is given in Figure 2. Two orders are 

represented, the Archaeolepadomorpha Chan, Gale,Glenner, Dreyer, Ewers Saucedo, Pérez-

Losada, Kolbasov, Crandall and Høeg, 2020 and the Pollicipedomorpha Chan, Gale,Glenner, 

Dreyer, Ewers Saucedo, Pérez-Losada, Kolbasov, Crandall and Høeg, 2020. Representatives 

of the former have a small number (6) of capitular plates and the peduncle bears large 

scales set in a small number of columns; they are thought to be the most basal group of the 

calcareous forms (Fig. 7I, J; compare Chan et al. 2020). This order is only known from three 

Jurassic occurrences; the oldest is Loriolepas planulata (Morris, 1845), from the Callovian 

Lagerstätte of Christian Malford in Wiltshire (UK). Archaeolepas redtenbachteri von Zittel, 

1884 has been described from the Tithonian Solnhofen Limestone of Bavaria, southern 

Germany, and the youngest is Loriololepas suprajurensis (de Loriol, in de Loriol and Pellat, 

1867) from the Tithonian of the Boulonnais, north-west France. 

 

Currently known Jurassic Pollicipedomorpha all belong to the family Zeugmatolepadidae 

Newman, 1996. These are characterised by the presence of numerous lateral plates on the 

capitulum, which form tiers, decreasing in size towards the base of the structure (Fig. 7A); 

they are assigned to the genera Martillepas Gale, 2014, Concinnalepas Gale, 2014 and 

Etcheslepas Gale, 2014. There are two Middle Jurassic records of zeugmatolepadids, the 

earlier being from the lower Bathonian of Port-en-Bessin, Normandy (France), originally 

recorded by Withers (1928), as Zeugmatolepas concinna (Morris, 1845), and here described 

as Concinnalepas bessinensis sp. nov. The higher record is of Concinnalepas concinna, which 

is known exclusively from the Callovian Lagerstätte of Christian Malford in Wiltshire (UK), 

where it occurs in large numbers attached to driftwood and ammonite shells (Withers 

1928). During the late Kimmeridgian and Tithonian, the zeugmatolepadids underwent an 

evolutionary radiation (4 genera, 8 species) and a great increase in abundance, as evidenced 



5 
 

by the numerous occurrences of isolated valves and complete individuals attached to 

ammonite shells and fossil wood (Keupp et al. 1999; Gale 2014, 2019a, b; Gale et al. 2019). 

These occurrences are found in the Solnhofen Limestone in southern Germany and the 

Kimmeridge Clay and Portland Limestone (Gale 2020) in southern England, in both the 

Kimmeridgian and Tithonian stages. 

 

Although the number of Jurassic thoracicalcarean cirripedes has increased considerably in 

recent years, largely due to collecting by Steve Etches, the record remains frustratingly 

incomplete, especially for the Middle Jurassic (Fig. 2). For example, there is no fossil 

evidence of the inferred transition between Archaeolepadomorpha and Pollicipedomorpha, 

which must have occurred prior to the Bathonian. What is apparent, though, is that the 

zeugmatolepadids appear to have been ancestral to most Cretaceous to present-day 

thoracicalcareans (Gale 2019a). Etcheslepas resembles the Cretaceous to present-day 

pollicipedid Capitulum Gray, 1825 and is probably ancestral to the Brachylepadidae 

Woodward, 1901, which in turn gave rise to the living sessile balanomorphs and 

verrucomorphs (Gale and Sørensen 2014). Martillepas gave rise to the Cretaceous 

cretiscalpellids, which are closely related to the extant families Scalpellidae Pilsbry, 1907 

and Calanticidae Zevina, 1978 (Fig. 7C, D; Gale et al. 2019). Most of these changes involved a 

secondary reduction in the number of lateral plates. The transition from typically Jurassic to 

Cretaceous calcareous cirripede faunas took place in the Hauterivian Stage (Lower 

Cretaceous), with the first appearances of living families (Gale 2019b). 

 

4. Mode of life 

 

Jurassic barnacles of the family Zeugmatolepadidae mostly lived attached to floating and 

swimming substrates, such as driftwood and ammonite shells. Some, such as Martillepas 

hollisi, attached to living ammonites, as indicated by their preferred selection sites (close to 

the centre of gravity) and orientation (apertures facing forwards – Keupp et al. 1999; Gale et 

al. 2019). Concinnalepas concinna and Etcheslepas durotrigensis attached to driftwood, but 

are not found on ammonites (Gale 2019a). Intriguingly, Wignall and Pickering (1993) 

recorded “Zeugmatolepas” attached to benthic bivalves (Parainoceramus) from the lower 

Kimmeridgian of Helmsdale, eastern Scotland, but the material is unfortunately lost. 
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5. Systematic palaeontology 

 

Repositories.  

 

MJML Museum of Jurassic Marine Life, Kimmeridge, Dorset, UK. 

NHMUK The Natural History Museum, London, UK. 

 

Superorder Thoracicalcarea Gale, 2015 

 

Diagnosis. Thoracican cirripedes in which the shell plates are composed of calcite. 

 

Order Pollicipedomorpha Chan, Gale, Glenner, Dreyer, Ewers Saucedo, Pérez-Losada, 

Kolbasov, Crandall and Høeg, 2020 

 

Diagnosis. Capitulum includes a large number (15-50+) of imbricating lateral plates which 

decrease in size towards the basal margin. 

 

Included families. Zeugmatolepadidae Newman, 1996, Pollicipedidae Leach, 1817 and 

Lithotryidae Gruvel, 1905. 

 

Family Zeugmatolepadidae Newman, 1996 

 

Diagnosis. Lateral plates set in alternating rows which decrease progressively in size towards 

the peduncular (basal) margin. 

 

Subfamily Martillepadinae Gale, 2014 

 

Diagnosis. Zeugmatolepadidae in which the scutal umbones are apical in position. 

 

Genus Concinnalepas Gale, 2014 
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Diagnosis. Lateral plates numerous, set in well-defined tiers; the first formed are UL, RL1, 

CL1, the second tier includes RL2, CL2, UL+, RL+; tier 3 includes three plates, and later-

formed laterals occur irregularly. 

 

Type species. Pollicipes concinnus Morris, 1845, by original diagnosis. 

 

Included species. In addition to the type species, Zeugmatolepas costata Withers, 1928, 

Concinnalepas bessinensis sp. nov. and C. rugosa sp. nov. 

 

Remarks. The articulated new material from Kimmeridge (Fig. 10A–G) provides important 

information concerning the arrangement of the lateral plates in Concinnalepas. The earliest 

formed are introduced in three regular tiers, the first including RL1, UL and CL1 (Fig. 7E). The 

second tier includes five plates, CL2, RL2, IML and two plates unique to the genus, here 

called UL+ and RL+. The third tier includes three plates, and later laterals are added in an 

irregular fashion. This condition differs considerably from that in Martillepas, in which the 

second tier plates include only RL2, UL and CL2 (Fig. 11A–C). 

 

Concinnalepas bessinensis sp. nov. 

Fig. 8A–K, O 

 

p1928 Zeugmatolepas concinna (Morris); Withers, p. 99 (pars), pl. 10, figs 1–4 only. 

 

Diagnosis. Concinnalepas with a sculpture of fine, dense apicobasal ridges, interrupted by 

regularly spaced, stepped growth increments. 

 

Types. The scutum illustrated here (Fig. 8K) is the holotype (NHMUK PI IC 1931); the other 

figured plates are paratypes (NHMUK PI IC 1926-1930, 1932-1935). All are from the basal 

Marnes de Port Formation, east of Port-en-Bessin, Calvados (Normandy, France; Fig. 6), 

from the lower Bathonian Procerites progracilis ammonite Zone. 

 

Derivation of name. After Port-en-Bessin, Calvados, where the type material was collected. 
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Material. 40 loose valves from the type locality, as well as five valves collected and four 

figured by T.H. Withers (Withers 1928, pl. 10, figs 1–4; NHMUK In. 27010-27014). 

 

Description. All valves possess an external sculpture of fine, dense apicobasal ribs, which are 

interrupted by regularly spaced, stepped growth increments which lack commarginal ridges. 

The number of ribs increases with valve size, as new ribs are intercalated between existing 

ones. Carinae (Fig. 8A–D, G) are subrhombic in dorsal profile, their height being three times 

greater than their breadth, carrying a poorly demarcated central ridge which develops a flat 

top towards the straight, transverse basal margin; these are weakly concavo-convex in 

lateral profile. Rostrum (Fig. 8E) is kite-shaped, slightly taller than broad, with a broad 

central apicobasal ridge, sharply demarcated from the weakly convex lateral surface, on 

which the ribs are sparse and irregularly spaced. Scuta (Fig. 8I, K) are subtriangular, lateral 

margin of variable length, up to 50 per cent of total height of valve, occludent margin 

weakly convex, tergal margin straight. Terga (Fig. 8H, O) nearly equilaterally rhombic, gently 

convex; upper and lower carinal margins poorly demarcated; occludent margin straight to 

slightly concave, scutal auricle poorly developed. Lateral plates include a probable upper 

latus (Fig. 8J); broad, asymmetrically rhombic, lateral surfaces separated by weak apicobasal 

ridge. A probable subcarina (Fig. 8F) is kite-shaped, tapering slowly adapically, with weak 

apicobasal ridge. 

 

Remarks. Concinnalepas bessinensis sp. nov. differs from the Callovian C. concinna 

principally in the stepped, imbricate form of the growth increments; in the latter species, 

these increments are marked by a raised, sharply defined ridge (Fig. 9A–E). The new species 

differs from the Tithonian C. costata and C. rugosa sp. nov. (see below) in its very fine 

apicobasal ribbing – this is coarse in the other two species. This is the oldest known 

thoracicalcarean cirripede to date. 

 

Concinnalepas concinna (Morris, 1845) 

Fig. 9A–E 

*1845 Pollicipes concinnus Morris, p. 30, pl. 6, fig. 1. 
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p1928 Zeugmatolepas concinna (Morris); Withers, p. 99 (pars), pl. 7, fig. 1; pl. 8, figs 1-6 

only. 

2014 Concinnalepas concinna (Morris); Gale, p. 414, fig. 7a-g. 

 

Diagnosis. Concinnalepas in which the capitular plates bear a sculpture of fine radial ribs 

and regularly spaced commarginal flanges. Peduncular plates rectangular, bearing fine 

apicobasal ribs. 

 

Type. A group of specimens attached to an ammonite (Chaning Pearce Collection, Bristol 

Museum, Ca. 5238), from the upper Callovian Oxford Clay (Peltoceras athleta ammonite 

Zone) at Christian Malford, Wiltshire (UK). 

 

Material. Hundreds of individuals, mostly broken, attached to driftwood (NHMUK In. 

31360), from the upper Callovian Oxford Clay (Peltoceras athleta ammonite Zone) at 

Christian Malford, Wiltshire. 

 

Description. All valves with strong external sculpture of fine apicobasal ribs and raised 

commarginal flanges on regular growth increments; ribs broaden and form short nodes 

where intersecting with ridges and weakening between them. Carinae (Fig. 9C–E) rhombic, 

height twice maximum breadth, apically elongated, with poorly defined apicobasal ridge; 

lateral surfaces weakly concave. Rostra not visible. Scuta (Fig. 9A, C–E) subrectangular, with 

tall lateral margin, short tergal margin and weakly convex occludent margin. Terga nearly 

equilaterally rhombic, upper and lower carinal margins sharply demarcated and obtusely 

angled; scutal auricle narrow and well defined. Upper latus, rostro- and carinolatus similar in 

size and shape (Fig. 9C); slightly asymmetrical rhombic outline, unequally sized lateral 

surfaces separated by apicobasal ridge, most strongly developed in upper latus. Other, 

smaller latera triangular, tapering apically, precise arrangement not clear, but arranged in 

tiers as in C. costata (see below). Peduncular plates (Fig. 9B, D) small, rectangular, 

transversely broad, bearing fine, vertically arranged ridges. 
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Remarks. Concinnalepas concinna differs from its congeners in the distinctive commarginal 

flanges, and from C. costata in the rectangular, striate peduncular scales and broader tergal 

surface of the scutum. 

 

 

Concinnalepas costata (Withers, 1928) 

Figs 10A–G, 11D–G 

 

*1928 Zeugmatolepas costata Withers, p. 105, pl. 9, figs 4, 5. 

p2014 Concinnalepas costata (Withers); Gale, p. 414 (pars), fig. 6l only. 

2014 Cretiscalpellum sp. nov.; Gale, p. 410, fig. 2g. 

2018 Concinnalepas costata (Withers); Gale, p. 414, figs 3b, c, 8a. 

 

Diagnosis. Concinnalepas in which the capitular plates either bear a sculpture of apicobasal 

ridges or are nearly smooth. Peduncular plates triangular, smooth. 

 

Types. The carina figured by Withers (1928, pl. 9, fig. 4) is the holotype (NHMUK In. 27015), 

the tergum (his pl. 9, fig. 5) is the paratype; both are from the Tithonian, upper Kimmeridge 

Clay of Buckinghamshire, UK. 

 

Material. Newly collected material from the Pectinatites hudlestoni and P. pectinatus 

ammonite zones at Kimmeridge (MJML collections) includes numerous large articulated 

individuals attached to driftwood (Fig. 10A–G). 

 

Description. Capitulum almost equilaterally triangular, laterally compressed. Scuta (Fig. 10A–

F) smooth, triangular; basal margin broad, occludent margin gently convex with narrow 

raised ridge. Strong apicobasal ridge separating broad, flat occludent surface from narrow 

tergal surface. Terga (Fig. 10A–C, E, F) equilaterally rhombic, with low apicobasal ridge and 

variably developed ridge for scutal articulation; sculpture variable, from almost smooth (Fig. 

10B) to weakly ribbed (Fig. 10A, C). Carina (Fig. 10G) 3 times taller than broad, bearing well-

defined, rounded apicobasal ridge. Rostrum (Fig. 10D) rhombic, broad, lateral surfaces 

steeply declined, apicobasal ridge broad, central part raised. UL, CL and RL tall, 
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asymmetrically rhombic (see also Fig. 11D–G), bearing raised apicobasal ridge. Large 

triangular plate ventral to, and overlapping, UL (UL+), and similar between UL and RL (RL+) 

(Fig. 10A, E). Subcarina present (Fig. 10G); numerous additional triangular lateral plates, 

decreasing in size towards basal margin. Apicobasal ribbing variably developed; in the type 

material, this is fine and evenly spaced (Withers 1928 pl. 9 figs 4, 5), but in the new material 

it is rather weakly developed (e.g. Fig. 10C) or plate surfaces are nearly smooth (Fig. 10E, G). 

Peduncular scales very small, triangular. 

 

Ontogeny. Concinnalepas costata displays a very consistent pattern of addition of lateral 

plates (Figs 7E, 11D–G). In the first tier (t1, blue), CL1, RL1 and UL form. In the second tier 

(t2, yellow), five plates are introduced, including CL and RL2, and three plates intercalated 

between these (UL+, rl+ and inframedian latus). In the third tier (t3, buff), four plates are 

introduced. Subsequent laterals are added in an apparently haphazard fashion, without any 

distinctive tiering, until an estimated total of approximately 60 plates are present.  

 

Remarks. The present species differs from all congeners in its weaker sculpture, and from C. 

concinna in the triangular, rather than rectangular, peduncular plates. It ranges from the 

Pectinatites hudlestoni to P. pectinatus ammonite zones in Dorset, and complete individuals 

are found attached to driftwood. 

 

 

Concinnalepas rugosa sp. nov. 

Fig. 8L–N, P–R 

 

p2014 Concinnalepas costata (Withers), coarsely ribbed form; Gale, p. 414, fig. 6m-t only. 

 

Diagnosis. Concinnalepas bearing a sculpture of coarse apicobasal ribs, interrupted by 

evenly spaced commarginal growth increments which form terraces or grooves. 

 

Types. The scutum figured here (Fig. 8M) is the holotype (NHMUK IC 1102a), the other 

figured valves are paratypes (NHMUK IC 1102b, 1102c, 1103a, PI IC 1936, 1937). All are from 
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the Pavlovia pallasioides and Pa. rotunda ammonite zones (Tithonian) at Portland, Dorset, 

UK (sample GB1a; see Fig. 4). 

 

Derivation of name. Latin rugosus, meaning rugose, in reference to the distinctive sculpture. 

 

Material. 39 valves from the type locality, from samples GB1a, 3 and 4 (Fig. 4). 

 

Description. All valves very robust, bearing sculpture of coarse apicobasal ridges, interrupted 

by regularly spaced commarginal grooves. Scuta (Fig. 8M, R) robust; basal and occludent 

margins gently convex; occludent surface sharply demarcated from declined, narrower 

tergal surface. Tergum (Fig. 8Q) equilaterally rhombic, as broad as tall, with weak ridge for 

scutal articulation. Carina (Fig. 8L, N) kite-shaped, height twice breadth, bearing prominent, 

gently convex apicobasal ridge and strongly declined lateral surfaces. Lateral plate (Fig. 8P) 

equilaterally triangular and flat, with prominent sculpture. 

 

Remarks. Concinnalepas rugosa sp. nov. differs from its congeners in its very robust, 

coarsely ribbed valves, in which the apicobasal ridges are interrupted by commarginal 

grooves. 

 

6. Conclusions 

 

The present paper revises the taxonomy of the Middle to Late Jurassic zeugmatolepadid 

genus Concinnalepas, and defines two new species (C. bessinensis sp. nov., C. rugosa sp. 

nov.) on the basis of significant and consistent differences in capitular plate sculpture in 

assemblages of different ages. Concinnalepas bessinensis sp. nov., from the lower Bathonian 

(Procerites progracilis ammonite Zone), is the oldest known thoracicalcarean cirripede to 

date. Newly collected articulated material from the Tithonian Pectinatites hudlestoni 

ammonite Zone of Kimmeridge (Dorset) includes numerous individuals with lateral plates in 

situ, and permits a detailed characterisation of lateral plate introduction in the genus, which 

involves successive formation of three discrete, alternating tiers. The last-formed lateral 

plates are introduced in an irregular pattern. The paper also reviews the very incomplete 
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and patchy record of Jurassic (Bathonian–early Kimmeridgian) calcareous cirripedes (Fig. 2) 

and documents the Late Jurassic radiation of the Zeugmatolepadidae. 
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Figures 

 

 
Fig. 1. Map of southern England and northern France to show sites.  
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Fig. 2. Stratigraphical distribution of Jurassic calcareous cirripede species. Note the 

concentration of zeugmatolepadid species in the upper Kimmeridgian–Tithonian, 

representing a significant radiation of the family. Early and Middle Jurassic records are few 

and very scattered and there are significant gaps in the fossil record. 
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Fig. 3. Stratigraphical ranges of cirripedes in the Kimmeridge Clay (Tithonian) of Dorset, UK 

(log modified after Morgans-Bell et al. 2001, fig. 2). 
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Fig. 4. Succession of the upper Kimmeridge Clay exposed at Grove Bay, Isle of Portland, 

Dorset (UK), showing sampled (GB) horizons. The type material of Concinnalepas rugosa sp. 

nov. originates from the GB1a level; this species was also found in GB3 and GB4. Scale in 

metres. 
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Fig. 5. Photograph of the Kimmeridge Clay succession exposed in Grove Bay, Isle of Portland, 

Dorset (UK), with stratigraphical levels marked to compare with Figure 4. The ‘R’ represents 

the approximate level of the plesiosaur find recorded in Brown (1983).  
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Fig. 6. Stratigraphy of the uppermost Bajocian and lower Bathonian sequence, 200 m east of 

Port-en-Bessin, Calvados (Normandy, France; nomenclature after Dugué et al. 2016). 

Abbreviations: P. parkinsoni = Parkinsonia parkinsoni; Z. zigzag = Zigzagiceras zigzag. 
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Fig. 7. Schematic drawings of Jurassic and extant cirripede specimens in lateral view: 

Pollicipedomorpha (A, B, E, H), Calanticomorpha (C), Scalpellomorpha (D) and 

Archaeolepadomorpha (I, J). A, E, Concinnalepas costata (Withers, 1928), showing (E) the 

three successive tiers of lateral plates (t1-t3). B, Martillepas hollisi (Withers, 1928), 

Tithonian. C, Witherscalpellum aptiensis (Withers, 1935), Lower Cretaceous, Aptian. D, 

Arcoscalpellum michelottianum (Seguenza, 1876), extant. F, Pollicipes pollicipes (Gmelin, 

1789), extant. G, Capitulum mitella (Linnaeus, 1758), extant. H, Etcheslepas durotrigensis 

(Gale, 2014), Tithonian, Pectinatites pectinatus ammonite Zone. I, Loriolepas suprajurensis 

(de Loriol, in de Loriol and Pellat, 1867), Tithonian. J, Archaeolepas redtenbacheri (von Zittel, 

1884), Kimmeridgian–Tithonian. 
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Fig. 8A–K, O, Concinnalepas bessinensis sp. nov. A–D, carinae (paratypes), in dorsal (A, C) 

and lateral (B, D) views (NHMUK PI IC 1926, 1927). E, rostrum (paratype), in ventral view 

(NHMUK PI IC 1928). F, subcarina (paratype), in dorsal view (NHMUK PI IC 1929). G, 

fragmentary carina, dorsal view (NHMUK PI IC 1930). K, I, scuta, external view; K is the 

holotype (NHMUK PI IC 1931), I is paratype (NHMUK PI IC 1932). J, probable upper latus 

(paratype), in external view (NHMUK PI IC 1933). H, O, terga (paratypes), external view 

(NHMUK PI IC 1934, 1935). Note the encrusting foraminiferan Bullopora sp. on H. L–N, P–R, 

Concinnalepas rugosa sp. nov. M, R, scuta (originals of Gale, 2014, fig. 6m, r); M is the 

holotype (NHMUK IC 1102a), R is paratype (NHMUK IC 1102b). Q, tergum (paratype; original 

of Gale, 2014, fig. 6q) (NHMUK IC 1102c). L, N, carinae (paratypes; N is the original of Gale, 

2014, fig. 6n (NHMUK IC 1103a), L (NHMUK PI IC 1936). P, possible upper latus (NHMUK PI 
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IC 1937). Provenance: A–K, O, basal Marnes de Port Formation, east of Port-en-Bessin, 

Calvados, Normandy, France (see Fig. 2), lower Bathonian, Procerites progracilis ammonite 

Zone. L–N, P–R, upper Pavlovia pallaisoides ammonite Zone, Kimmeridge Clay, Tithonian, 

Portland, Dorset, UK. Scale bars equal 0.2 mm (A–D, I, K), 1 mm (H) and 0.5 mm (all others). 

 

 
Fig. 9A–E, Concinnalepas concinna (Morris, 1845). Capitula in lateral aspect. A, original of 

Gale (2014, fig. 7a, b). B, original of Gale (2014, fig. 7c, d). D, original of Gale (2014, fig. 7g) 

(all NHMUK In. 31360), from the upper Callovian Oxford Clay, Peltoceras athleta ammonite 

Zone at Christian Malford, Wiltshire, UK. Scale bars equal 2 mm. 
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Fig. 10. Concinnalepas costata (Withers, 1928). Capitula, in lateral (A-F) and dorsal (G) 

aspect. A–D, F, Pectinatites hudlestoni ammonite Zone; E, G, Pectinatites pectinatus 

ammonite Zone (both Tithonian), Kimmeridge Clay, Kimmeridge, Dorset, UK. MJML 

collection. See Figure 11D-G for interpretative drawings. Scale bars equal 10 mm. 
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Fig. 11. A–C, Interpretative drawings of Martillepas hollisi (Withers, 1928) (after Gale et al. 

2019, fig. 4), from the Kimmeridgian of Brunn, southern Germany. D–G, Concinnalepas 

costata (Withers, 1928), based on specimens in Figure 10; D, drawn from Fig. 10A; E, Fig. 

10F; F, Fig. 10E; G, Fig. 10G. All from the Kimmeridge Clay, either Pectinatites hudlestoni 

ammonite Zone (Figs D, E) or Pectinatites pectinatus ammonite Zone (Figs F, G), 

Kimmeridge, Dorset, UK. Note the greater number of lateral plates in C. costata. 

 

 


