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Abstract:  

 

Microcrinoids of the family Roveacrinidae Peck, 1943 are described from lower and middle 

Albian clays of the Anglo-Paris Basin (Seine Maritime, Pas de Calais and Aube, France; 

Kent and Bedfordshire, UK). They are referred to two subfamilies -  the Orthogonocrininae 

Gale, 2019 and the Plotocrininae Gale, 2020. Orthogonocrinines include the long-ranging 

(middle Albian-lower Cenomanian) species Orthogonocrinus apertus Peck, 1943, and 

Styracocrinus peracutus (Peck, 1955), known from Texas, USA, Morocco, the UK and 

France, and two stratigraphically successive species of the genus Hyalocrinus, H. magniezii 

Destombes, 1984 and H. bulliensis Destombes, 1984, known only from the lower and middle 

Albian of the UK and France. Plotocrinines include two middle Albian species, Plotocrinus 

distinctus Peck, 1943 and P. rashallae Gale, 2020, known from France and Texas, and the 

new Calvaticrinus gen. nov., type species Plotocrinus monocarinatus Destombes, 1984. 

Calvaticrinus gen. nov., known only from the Anglo-Paris Basin, forms an evolutionary 

lineage of, successively, C. integer (Hess, 2010) – C. monocarinatus- C. subplanatus 

(Destombes, 1984) through the lower and middle Albian. The Plotocrinus species allow 

correlation of the Anahoplites intermedius Zone of northwest Europe to the lower 

Manuaniceras carbonarium Zone of Texas. The new material represents the oldest 

roveacrinids known from three-dimentsional material and forms the basis of a phylogenetic 

analysis of the Roveacrinidae. 
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1. Introduction 

 

In 1984, Pierre Destombes described the unexpected find of abundant microcrinoids of the 

family Roveacrinidae in lower Albian clays both at Bully (Seine-Maritime) and the middle 

Albian of Courcelles (Aube), France. He erected the genus Hyalocrinus Destombes, 1984, 

with two species (H. magniezii, H. bulliensis) for a delicate, glassy form and ascribed the 

other species to Plotocrinus Peck, 1943, then known only from Texas and Oklahoma, USA. 

He described P. monocarinatus Destombes, 1984, with successive subspecies P. 

monocarinatus conicus (lower Albian), P. m. rotundus and P. m. subplanus (middle Albian). 

In 2010, Hess (in Hess and Gale 2010) described Discocrinus integer Hess from the lower 

Albian Shenley Limestone, at Leighton Buzzard, Bedfordshire, UK. 

 

Subsequently, ASG discovered that H. magniezii was abundant in one bed (III, D. niobe 

Zone), at Folkestone, Kent (Smith et al. in Young et al. 2010), and that the material was 

exceptionally well preserved (Gale 2019). BM picked numerous microcrinoids from residues 

collected at various localities in the Aube, and these were studied by ASG. The discovery that 

two of the species present in the Aube are also found in Texas was discussed by Gale et al. 

(2020a). 

 

In the present paper, we redescribe the roveacrinid material from the Anglo-Paris Basin 

(southern England, northern France, Fig. 1) and assess its correlation potential. Because these 

are the oldest three-dimensional roveacrinids known, the material has important implications 

for phylogeny, and we provide the first phylogenetic analysis of the family. 

 



 

2. Stratigraphy and localities 

 

In this paper, we follow the Albian ammonite zonation provided by Amédro et al. (2013), 

which is based largely upon evolutionary lineages (Fig. 2). The base of the Albian Stage, as 

recently defined (GSSP) at Pré-Guittard, Drôme (Petrizzo et al. 2012; Kennedy et al. 2014, 

2017) does not contain significant ammonite faunas. However, the GSSP corresponds 

approximately with the base of the Proleymeriella schrammeni Zone in northern Germany 

(Gale et al. 2020c) as shown in Fig. 2. 

 

3.1Aube, France 

 

Localities in the Albian of the Aube were described by Amédro et al. (2014, 2019) and 

Amédro and Matrion (2014). Destombes (1984) recorded Plotocrinus monocarinatus 

subplanus Destombes, 1984 (here recorded as Calvaticrinus subplanus) and Hyalocrinus 

magniezii Destombes, 1984 from the A. intermedius Zone of Courcelles, and Gale et al. 

(2020a) recorded Plotocrinus primitivus Peck, 1943 and P. rashallae Gale, 2020 from the 

same level at Pogains. In this paper, we add records of Orthogonocrinus apertus Peck, 1943, 

P. primitivus, H. magniezii and C. subplanus from the A. intermedius Zone of L’Anse Margot 

and H. magniezii from the H. benettianus Zone of La Petite Italie. A section of L’Anse 

Margot is provided in the Appendix. 

 

2.2 Bully, Seine-Maritime, France 

 

A claypit (Carrière Ledoigt) close to the village of Bully formerly exposed 15m of lower and 

middle Albian clays (Destombes et al. 1977), the lower part of which (Otohoplites subhilli 

Zone) yielded abundant microcrinoid material (Destombes 1984) including Plotocrinus 

monocarinatus conicus Destombes, 1984 (now Calvaticrinus gen. nov.) and Hyalocrinus 

bulliensis Destombes, 1984. 

 

2.3 Wissant, Boulonnais, France 

 

The cliff and foreshore between Wissant and Escalles provide intermittent exposures of 

middle and upper Albian clays of the Formation St. Pô (Owen 1971; Amédro 1980, 1990, 



1992). Picked residues yielded a single Orthogonocrinus sp. (bed P6, P. pricei Zone) and a 

Styracocrinus peracutus (Peck, 1943) (H. orbignyi horizon, P. pricei Zone) to Pierre 

Destombes (unpublished material). 

 

2.4 Folkestone, Kent, UK 

 

The cliff section at Copt Point, Folkestone, provides an important reference section for the 

Gault Clay Formation of southern England. The only level which has yielded common 

microcrinoids is Bed III, of Dimorphoplites niobe Zone age (see the stratigraphical log of 

Gale and Owen in Young et al., 2010, fig. 1.5C). Hyalocrinus magniezii Destombes, 1984, 

occurs abundantly in the D. niobe Zone (Bed III; Gale 2019), and a single specimen of 

Orthogonocrinus apertus Peck, 1943, was collected from the D. biplicatus Zone (Young et 

al. 2010). 

 

2.5 Shenley, Bedfordshire, UK 

 

Former quarries exploiting the Woburn Sands, beneath middle Albian Gault Clay, contained 

erosionally isolated lenses of Shenley Limestone at the contact, which at Double Arches pit 

are of Leymeriella regularis Zone age (Owen 1972). These yielded abundant crinoid material 

(Hess and Gale 2010), including Discocrinus integer Hess, 2010, here placed in 

Calvaticrinus gen. nov. 

 

3. Stratigraphical distribution and significance 

 

The geographical distribution of microcrinoids in the Albian of the Anglo-Paris Basin is 

highly variable between regions. In the south easterly Aube district, they occur only in the 

lower part of the middle Albian (L. lyelli Subzone to A. intermedius Zone) and are entirely 

absent from the lower Albian O. subhilli and I. (H.) steinmanni Zones, which was extensively 

sampled at Montreuil-Sur-Barse (locality details in Amédro et al. 2013). In Seine Maritime, 

roveacrinids are present only in the lower Albian O. subhilli Zone (Destombes 1984). In the 

Boulonnais, they are found only very rarely in the upper Albian M. pricei Zone, and at 

Folkestone, U.K., are abundant only in the middle Albian D. niobe Zone (Gale 2019). This 

patchy distribution is unlikely to be preservational, because the studied sections are all 

developed in similar clay facies which yield abundant aragonitic and calcitic benthonic, 



planktonic and nektonic macro- and microfossils. It is likely that the occurrences represent 

periodic migration events only preserved very locally in the Anglo-Paris Basin. Albian and 

Cenomanian roveacrinids are dominantly Tethyan in distribution (Gale 2020), so migration is 

likely to have been from the south. However, sampling of lower and middle Albian clays in 

Morocco has not so far yielded material. 

 

In spite of these regional differences, it is possible to reconstruct stratigraphical lineages of 

species of the genera Hyalocrinus and Calvaticrinus gen. nov. (Fig. 2). These genera are 

currently known only from the lower and middle Albian of the Anglo-Paris Basin. 

Plotocrinus rashallae Gale, 2020 and P. primitivus Peck, 1943, typical species of the middle 

Albian Manuaniceras carbonarium Zone (Young 1966) in the lower Goodland Formation of 

Texas (Gale et al. 2020) are present in the middle Albian A. intermedius Zone in the Aube. 

This perhaps indicates that the base of the middle Albian falls close to the Walnut-Goodland 

formation boundary in central Texas (Gale et al. 2020a). Orthogonocrinus apertus is a long-

ranging middle Albian to lower Cenomanian species (Gale 2019, 2020; Gale et al. 2020a). 

Microcrinoids, although largely overlooked, offer great potential for long-range correlation of 

Cretaceous successions (Gale 2020a, b), and it is expected that the Albian taxa described in 

this paper will eventually be found more widely. The evolutionary lineage in the genus 

Calvaticrinus gen. nov. (Fig. 2) has potential value for correlation. 

 

 

4. Repository of material 

 

NHMUK Natural History Museum, London, UK 

UBDG University of Burgundy Geology, Dijon, France 

MHNH Musée d’histoire naturelle du Havre, Seine-Maritime, France 

 

 

5. Systematic Palaeontology 

 

Order Roveacrinida Sieverts-Doreck in Ubaghs, 1953 

 

Family Roveacrinidae Peck, 1943 

 



Diagnosis. Roveacrinida in which two thecal cavities are present, the lower of which is 

enclosed by basals, basals and radials or radials; the basals and radials form a transverse 

structure, either solid or perforated, separating the two cavities. 

 

 

Subfamily Orthogonocrininae Gale, 2019 

 

Diagnosis. Cup pyriform or conical, elongated aborally; adoral surface bearing tall, usually 

bladed, interradial processes; radial cavity shallow, narrow, base formed by small basals, not 

visible on cup exterior; lateral radial tubes present; basal cavity elongated, adoral surface of 

cavity bearing five radially placed pits that each housed a ball-shaped structure; brachials 

highly modified, IBr1 very short, IBr2 elongated, distal secundibrachials elongated, bearing 

pinnules. 

Included genera. Orthogonocrinus Peck, 1943, Discocrinus Peck, 1943, Styracocrinus Peck, 

1955, Jakeocrinus Gale, 2016. 

Phylogenetic position. The Orthogonocrininae form a well-supported group (Bremer value 4) 

which diverged from the other roveacrinids early in the history of the group, certainly before 

the Albian. They are common and moderately diverse in the Albian and Cenomanian, but 

only a single genus, Lebenharticrinus Zitt, survived into the Santonian and probably gave rise 

to the early Campanian Jakeocrinus Gale, 2016. 

 

Genus Hyalocrinus Destombes, 1984 

 

Type species. Hyalocrinus bulliensis Destombes, 1984, by original designation. 

 

Diagnosis. Orthogonocrininae in which the aboral portion of the cup is not mineralised; the 

radials terminate aborally with swollen, toothed margins at the maximum width of the cup. 

Delicate construction of glassy, imperforate stereom. 

 

Remarks. Material from the D. niobe Zone of Folkestone, Kent (Fig. 3.1-11) is exceptionally 

well preserved and provides detailed information on the structure of the cup of this enigmatic 

genus, reviewed briefly by Gale (2019 p. 478). The most striking features are a network of 



canals within the radials which open internally as mid-radial windows (Fig. 3.6, 7) and as 

lateral radial tubes at the inner margins of the radial facets (Fig. 3.5a, b). Also, multilobed 

spherical structures, called sub-basal balls, are present in radially positioned cavities on the 

roof of the basal cavity (Fig. 3.3a, b). The material will eventually be studied with a micro-

CT scanner, which will hopefully improve understanding of the structures and their possible 

functions. Hyalocrinus is known only from the Lower and Middle Albian of the Anglo-Paris 

Basin, and is most closely related to Styracocrinus, in which the aboral margin of the basal 

cavity is closed by the radials (Gale 2019, Gale et al. 2020a). 

 

Included species. Hyalocrinus bulliensis Destombes, 1984, H. magniezii Destombes, 1984. 

 

 

Hyalocrinus bulliensis Destombes, 1984 

 

Fig. 4, 2-13 

 

1984 Hyalocrinus bulliensis Destombes, p. 10, pl. 1 figs 5-18. 

2011 Hyalocrinus bulliensis Destombes, Hess, in Hess and Messing, p. 209, fig. 103.3. 

 

Diagnosis. Radial facets oval, aboral margin evenly rounded; radial swelling with rounded, 

subrectangular outline; IBr2 triangular, lateral blade broadening distally. 

 

Types. The radial plate figured by Destombes (1984, pl. 1 fig. 5) is selected as lectotype 

(Destombes collection no. 27 581). Horizon a1 of the Otohoplites subhilli Zone, Bully, St 

Martin-l’Hortier, France. 

 

Material. Isolated radials and brachials from the type locality, LHM. 

 

Description. Radials rectangular, tapering slightly aborally; radial facet broad, with evenly 

rounded aboral margin, broad, poorly defined aboral ligament pit and small central canal 

(Fig. 3.2-4). IBr1 (Destombes 1984 pl. 1 figs 6a, b) triangular, tapering distally, bearing thin 

lateral flanges; synarthrial articulation for IBr2 elongated, occupying 2/3 of external face, 

narrowing distally to acute termination. IBr2 (Fig. 4.5, 6) with rounded triangular outline, 

lateral flanges broadening distally; robust central ridge terminates in concave paired 



articulation for secundibrachials.  IIBr1 (Destombes 1984 pl. 1 fig. 8a, b) with irregularly 

oval outline, asymmetrical lateral flanges (abaxial flange broader), distal synarthrial 

articulation for IIBr2. IIBr2 triangular, lateral flanges broadening distally, single large distal 

articulation for IIBr3. Distal brachials (Fig. 4.9-13) laterally compressed, elongated, variably 

carrying single pinnule articulation on distal lateral surface. 

 

Remarks. Only part of Destombes’ material of this species is present in his collection at Le 

Havre; in particular, the brachials which he identified as IBr1 and IIBr1 cannot be found. 

This lower Albian (O. subhilli Zone) species differs from the later H. magniezii in the broadly 

rounded (rather than triangular) radial facets which bear a raised rim; the rectangular (as 

opposed to oval) radial swelling, and the distally broadening lateral flanges on IBr2. The 

species is known only from Bully, France. 

 

 

Hyalocrinus magniezii Destombes, 1984 

 

Fig. 4, 1-11; Fig. 4 ,1-6 

 

1984 Hyalocrinus magniezii Destombes, p. 11, pl. 1 fig. 19. 

2010 Hyalocrinus magniezii Destombes, Smith et al., in Young et al., p. 256, fig. 181b. 

2010 Hyalocrinus magniezii Destombes, Fricot, in Colletté, p. 209, fig. 139K, N, O. 

2019 Hyalocrinus magniezii Destombes, Gale, p. 477 pl. 38, figs 1-11. 

 

Diagnosis. Hyalocrinus in which the radial facets are triangular, narrowing aborally to an 

acute aboral margin; the radial swellings are oval; flanges on IBr2 narrow distally. 

 

Type. The cup figured by Destombes (1984 pl. 1 fig. 19) from the H. dentatus Zone, Lusigny 

borehole, Aube, France is selected as lectotype - whereabouts unknown. 

 

Material. 30+cups from the Lyelliceras lyelli to Anahoplites intermedius Zones of the Aube, 

France (localities Courcelles, Le Gaty, Pogains, l’Anse Margot, Randonvilliers). Numerous, 

mostly fragmentary cups and brachials from the Dimorphoplites niobe Zone (Bed III), at 

Folkestone, Kent, UK. 

 



Description. Cup cylindrical, or tapering slightly aborally, aboral margin open (Fig. 3.1-3). 

Radials rectangular, comprising an oval, swollen aboral portion constructed of smooth 

imperforate stereom, and concave interradial regions of finely perforate stereom bearing a 

raised interradial suture in some specimens (Fig. 3.1). Aboral termination of radials bears 

short ridges (Fig. 3.1). Radial facets triangular, narrowing aborally and bearing a sharply 

defined articular ridge, separating the aboral portion of the facet from the adoral muscle 

fossae (Fig. 3.1,5). Interradial processes blade-like, moderately tall; paired lateral radial tubes 

(Fig. 3.13) present adjacent to fossae. Central canal and aboral ligament pit broad, sharply 

defined. Radial cavity separated from basal cavity by mass of spongiform labyrinthic stereom 

with central hole, presumably originally occupied by basals (Fig. 3.2, 3). Aboral interior of 

each radial bears a cavity which contains a spherical, multilobed structure - sub-basal balls 

(Fig. 3.3, 7). 

 

IBr1 unknown; IBr2 (Fig. 3.4, 9) elongated, flattened oval, tapering distally; an exterior, 

narrow, rounded ridge carries thin lateral flanges. Articulation for IBr1 oval, flush with 

interior surface; distal axillary articulation for paired IIBr1 narrow, robust. IIBr1 tall, tapering 

distally to sloping synarthrial articulation for IIBr2. Distal brachials elongated, laterally 

compressed and carry sockets for pinnule articulation on lateral surfaces (Fig. 3.10-12). 

 

Remarks. H. magniezii differs from H. bulliensis in the shape of the radials and IBr2 (see 

above). The species occurs in the L. lyelli to A. intermedius zones in the Aube, and the D. 

niobe Zone in Kent, UK. 

 

Genus Styracocrinus Peck, 1955 

Diagnosis.  Cup tall, conical, extended aborally to an acute point. Interradial processes tall, 

pointed; IBr2 elongated, flattened, bearing a narrow rounded central ridge and lateral flanges. 

 

Type species. Drepanocrinus peracutus Peck, 1943, by the original designation of Peck 

(1955). 

 



Included species.  In addition to the type species, S. rimafera Gale, 2020 and S. thomasae 

Gale, in Gale et al. 2020. 

 

Styracocrinus peracutus (Peck, 1943) 

Fig. 5.11 

 

*1943. Drepanocrinus peracutus Peck, p. 463, pl. 76, figs 9–22, 26, 28. 

1955. Styracocrinus peracutus Peck; p. 1022, pl. 106, figs 10–12. 

1961. Styracocrinus peracutus (Peck); Rasmussen, p. 383, pl. 56, figs 1–3. 

?1971. Styracocrinus peracutus (Peck); Schmid, p. 73, pl. 1, figs 1–15. 

2015. Roveacrinus peracutus Peck; Hess, p. 25, fig. 17a–f. 

pars 2015. Orthogonocrinus apertus Peck; Hess, fig. 12h only. 

pars 2015. Roveacrinus spinosus Peck; Hess, fig. 14a–c only. 

2019. Styracocrinus peracutus (Peck); Gale, p. 476, pl. 37, figs 1–9. 

2020. Styracocrinus peracutus (Peck); Gale, p. 18, pl. 5, figs 1–11. 

2020. Styracocrinus peracutus (Peck); Gale, in Gale et al., p. 25, pl. 4 figs 1-17. 

 

Diagnosis.  Styracocrinus in which the radials articulate closely and form an acuminate 

aboral termination; external surface bearing irregularly spaced small rugosities. 

 

Holotype. The cup, figured by Peck (1943, pl. 76, fig. 21), from the lower Cenomanian 

Grayson Formation of Grayson Bluff, Roanoke, Denton County, Texas (H. Tappan Loeblich 

locality HTL1) is the holotype. University of Missouri collections; not found, presumed lost. 

 



Material. A single poorly preserved cup from the P. pricei Zone (H. orbignyi horizon) of the 

St. Pô Formation, Wissant, Boulonnais, France (MHNH 2011.2.5544). 

 

Remarks. The single broken cup in the Destombes collection can be referred to this species 

on account of the elongated, triangular radial facets which are angled to the axis of the cup at 

approximately 45o, and the acuminate, laterally divergent radial processes (compare with 

Gale et al. 2020a pl. 4. The species occurs in the Upper Albian and Lower Cenomanian of 

North Africa, Texas, UK, France and Germany (Gale et al. 2020a). 

 

 

Genus Orthogonocrinus Peck, 1943 

 

Type species. O. apertus Peck, 1943, by original designation. 

 

Diagnosis. Cup tall, radial facets divided into surfaces set at right angles and separated by the 

articular ridge. Radials in contact only in adoral portion of cup; aborally, they separate into 

tapering strips, and the aboral part of the cup was not mineralised. Interradial processes tall 

and bladed, radial cavity narrow.  

 

Included species. O. apertus, O. cantabrigensis Gale, 2019. 

 

 

Orthogonocrinus apertus Peck, 1943 

 

Fig. 5.7-10 

 

 

      *1943. Orthogonocrinus apertus Peck, p. 464, pl. 76, figs 2–8.  

non 1955. Orthogonocrinus apertus Peck; pl. 106, figs 7-9.  



pars 1961. Orthogonocrinus apertus Peck; Rasmussen, p. 385, fig. 5 only.  

       2010. Orthogonocrinus apertus Peck; Young et al., p. 256, text-fig. 18.1a.  

pars 2015. Orthogonocrinus apertus Peck; Hess, fig. 11d-p only; fig. 12a-g, i-l only.  

pars 2015. Roveacrinus pyramidalis Peck; Hess, fig. 10a-i only.  

non 2015. Orthogonocrinus apertus Peck; Hess, fig. 13a-h.  

      2019. Orthogonocrinus apertus Peck; Gale, p. 478, pl. 34, figs 1- 4; pl. 36 fig. 9.  

      2020. Orthogonocrinus apertus Peck; Gale, p. 17, pl. 4, figs 7-9, 11, 12.  

2020. Orthogonocrinus apertus Peck, Gale, in Gale et al. p. 24, pl. 2 figs 1-5, 7-13; pl. 3  

     figs 1-13. 

Diagnosis. Cup cylindrical, radials carrying median blade extending from the radial facet 

aborally. Lateral surface of radial facet large, U-shaped. Cup surface made up of smooth or 

finely perforate stereom.  

Types. The cup figured by Peck (1943, pl. 76, figs 4, 6, 7) (E-21-5) is the holotype. Duck 

Creek Formation, upper Albian, H. Tappan Loeblich locality 57, roadcut on US Highway 77, 

just south of bridge over Red River, Grayson County, Texas. University of Missouri 

collections; not found, presumed lost.  

Material. Four cups from the A. intermedius Zone of l’Anse Margot, Randonvilliers, Aube, 

France. One cup from Bed VII (D. biplicatus Zone), Folkestone, Kent, UK. 

Remarks. The cups compare closely in morphology with specimens from Texas and North 

Africa. This is a long-ranging species, occurring from the Middle Albian to the Lower 

Cenomanian (Gale et al. 2020a) in the Gulf coast states of the USA (Texas, Oklahoma) and 

North Africa (Gale 2020). In the Aube, the species is restricted to the A. intermedius Zone. 

The single cup known from the Gault Clay of Folkestone, UK, was stated to come from the 

“upper part of Bed VII” at Folkestone (Smith et al., in Young et al. 2010), but extensive 

sampling has not yielded further material and the horizon is therefore suspect. 

 



Orthogonocrinus sp. 

Material. A single poorly preserved cup from the horizon P6 (M. pricei Zone), St. Pô 

Formation, Wissant, Boulonnais. 

Remarks. This decorticated specimen can be assigned to Orthogonocrinus on account of the 

cylindrical shale of the cup. 

 

Subfamily Plotocrininae Gale, 2019 

 

Diagnosis. Roveacrinids in which the external surfaces of the brachials bear regions of 

smooth imperforate stereom which form dish-shaped concavities or paired, divergent spines 

united by a narrow flange on the brachials.  

Included genera. Plotocrinus Peck, 1943, Poecilocrinus Peck, 1943, ?Peckicrinus Gale, 

2020, Calvaticrinus gen. nov. 

Phylogenetic position. Plotocrinines are basal to an un-named group which includes the 

Roveacrininae and the Hessicrininae (Fig. 9), and Poecilocrinus Peck, 1943 gave rise to the 

genus Roveacrinus Douglas, 1908 (Gale et al. 2020a). Euglyphocrinus Gale, 2019 occupies 

an intermediate position between the Orthogonocrininae and the Plotocrininae, as it retains 

sub-basal balls, but otherwise the cup and brachials are comparable to those of Plotocrinus. 

Plotocrinines are dominantly Albian in occurrence, and only a single species extended into 

the lower Cenomanian. 

 

Genus Plotocrinus Peck, 1943 

 

Type species. P. hemisphericus Peck, 1943. 

 

Diagnosis. Plotocrinines in which the conical cup is formed of coarsely reticulate stereom 

and bears short, laterally compressed radial processes.  

 



Included species. P. primitivus Peck, 1943, P. distinctus Peck, 1943, P. hemisphericus Peck, 

1943, P. modulatus Peck, 1943, P. reidi Gale, 2020, P. molineuxae Gale, 2020, P. rashallae 

Gale, 2020. 

 

 

Plotocrinus primitivus Peck, 1943 

 

Fig. 8.5, 8-11 

 

        *1943. Plotocrinus primitivus Peck, p. 470, pl. 71, figs 6, 19-22.   

       1961. Roveacrinus pyramidalis Peck; Rasmussen, p. 371.  

 non1961. Roveacrinus cf. primitivus Peck; Rasmussen, pl. 53, fig. 12.  

       2020 Roveacrinus primitivus Gale, in Gale et al. 2020, p. 30, pl. 8 figs 1-8, pl. 9 figs 2- 

                11, 13, 14, pl. 10 figs 9-16. 

Diagnosis. Plotocrinus in which the cup is made up of very coarse reticulate stereom, of 

which the trabeculae are oriented ad-aborally; radial flanges bladed, bearing irregularly 

developed processes.  

Types. The specimen figured by Peck (1943, pl. 71, fig. 3) from the Goodland Formation at 

H. Tappan Loeblich locality 169, sample 670, Marys Creek bank adjacent to the Weatherford 

road, Fort Worth, Tarrant County, Texas. University of Missouri collections, E-9-3; 

presumed lost.  

Material. We have seen approximately 10 cups from the A. intermedius Zone of L’Anse 

Margot and Pogains, Aube. 

Remarks. See Gale in Gale et al. 2020, p. 30 for full description. The Aube material compares 

well with specimens from Texas in the irregularly bladed radial processes and coarse 

stereom. 

 

Plotocrinus rashallae Gale, 2020 



Fig. 8.6, 12 

 

2020 Plotocrinus rashallae Gale, in Gale et al., p. 31, pl. 8 figs 9-11, pl. 9 fig. 12. 

 

Diagnosis. Plotocrinus in which the conical cup lacks radial processes; paired concavities 

present in each interradius immediately aboral to the radial facets.  

Types. The specimen illustrated by Gale in Gale et al. 2020 in pl. 8, figs 10, 11 is the 

holotype (NHMUK PI EE 17787). The specimen in pl. 8, fig. 9 is a paratype (NHMUK PI EE 

17786), as are the cups figured in pl. 9, figs 1, 12 (NHMUK PI EE 17798, 17799), and pl. 10 

fig. 9 (NHMUK PI EE 17806). Lower part of the Marys Creek Member of the Goodland 

Limestone, at Marys Creek, west of Fort Worth, Tarrant County, Texas.  

 

Material. Two cups from the A. intermedius Zone, Pogains, Aube.  

 

 

Remarks. The Aube material is closely comparable to specimens from the Goodland 

Formation of central Texas, in the smooth aboral margin of the cup and the deep interradial 

recesses. 

 

 

Genus Calvaticrinus gen. nov. 

 

Type species. Plotocrinus monocarinatus Destombes, 1984 

 

Diagnosis. Plotocrinine in which the robust cup is conical to subcylindrical in lateral profile 

and is composed of dense, smooth imperforate stereom. IBr1 with broad, concave lateral 

surfaces; IBr2 narrow proximally, distal margin broad, internal processes tall. 

 

Derivation of name. Latin, calvatia, meaning bald, in reference to the smooth cup. 

 

Included species. C. integer (Hess, 2010), C. subplanatus (Destombes, 1984). 

 



Remarks. Calvaticrinus gen. nov. differs from Plotocrinus, to which Destombes’ (1984) 

material was originally assigned, in that the cup and brachials are constructed from dense, 

imperforate stereom, rather than coarsely reticulate labyrynthic stereom, of which the 

trabeculae are irregularly aligned with an aboral-adoral orientation. The morphology of the 

primibrachials also differs; in Calvaticrinus gen. nov. these bear a flat-topped, narrow, 

median ridge and the distal termination to IBr2 is broad. In Plotocrinus, this ridge is absent, 

and the external surfaces of the primibrachials are gently convex (e.g. Gale in Gale et al. 

2020, pl. 10 figs 11, 13-15). Calvaticrinus gen. nov. is only known from the lower and 

middle Albian of the Anglo-Paris Basin, where three stratigraphically successive species (C. 

integer-C. monocarinatus-C. subplanatus) appear to form an evolutionary lineage (Fig. 2). 

 

Calvaticrinus monocarinatus (Destombes, 1984) 

 

Fig. 3.1; Fig. 7.1-14 

 

1984 Plotocrinus monocarinatus conicus Destombes, p. 10, pl. 1 figs 1, 4. 

 

Diagnosis. Calvaticrinus gen. nov. in which the conical cup has an acutely rounded aboral 

pole, maximum breadth attained at tips of the interradial processes; radial facets equilaterally 

triangular; primibrachials and IIBr1 robust. 

 

Type. The cup with 2 attached IBr1 from the lower Albian O. subhilli Zone (beds a2-7) of 

Bully, France (Destombes 1984, pl 1 fig. 1) is holotype. The specimen cannot be found 

amongst Destombes’ material in the Le Havre collection. 

 

Material. Destombes (1984 p. 10) recorded “about 20” cups and hundreds of brachials 

from the type locality. Much of Destombes’ material has suffered from pyrite decay and only 

4 cups survive. 

 

Description. Cup as broad as tall, conical, aboral pole acutely rounded, lateral surfaces gently 

convex, smooth, lacking depressed regions (Fig. 4.1; Fig. 7.1-6). Maximum breadth at adoral 

tips of tall interradial processes; radial facets triangular, nearly 50% of total height of cup. 

Primibrachials robust, IBr1 as tall as broad, bearing central, raised adoral-aboral ridge; oval 



synarthrial facet for IBr2 on distal margin (Fig. 7.14). IBr2 triangular, axillary, with external 

central flattened ridge, concave distal facets for IIBr1 (Fig. 7.7, 8, 10, 12), tall internal and 

median processes. Some IBr2 carry a pair of thorn-like projections on the body of the plate 

(Fig. 7.8). IIBr2 similar in morphology to IBr1, but with asymmetrical lateral flanges (Fig. 

7.9, 10, 13). Distal brachials composed of coarsely reticulate stereom (Fig. 7.11). 

 

Remarks. C. monocarinatus is distinguished from C. integer by its conical cup which has a 

rounded to slightly truncated aboral pole, and the presence of interradial ridges. It is 

distinguished from C. subplanatus in the absence of depressed regions with an adoral pit in 

the interradial regions. It is known only from the lower Albian O. subhilli Zone of Bully, 

France. 

 

 

Calvaticrinus subplanatus (Destombes, 1984) 

 

Fig. 6. 1-9; Fig. 8, 1-4, 7 

 

1984. Plotocrinus monocarinatus subplanatus Destombes, p. 10, pl. 1 fig.3. 

1984. Plotocrinus monocarinatus rotundus Destombes, p. 10, pl. 1 fig. 2. 

2010. Plotocrinus monocarinatus rotundus Destombes, Fricot, in Colletté, p. 209, fig. 139L. 

2010. Plotocrinus monocarinatus subplanatus Destombes, Fricot, in Colletté, p. 209, fig.  

          139M 

 

Diagnosis. Calvaticrinus in which the interradial regions on the lateral surfaces of the cup are 

strongly concave, and each interradius possess a rounded pit immediately aboral to the 

interradial processes. 

 

Type.  The cup figured by Destombes (1984, pl. 1 fig. 3), from the “banc calcaire f”, A, 

intermedius Zone, of Courcelles, Aube (Destombes coll. No. 1984 – 01) is holotype. It cannot 

be distinguished amongst Destombes’ specimens. 

 



Material.  Over 100 cups and brachials from the A. intermedius Zone of the Aube, France 

(localities Courcelles, Le Gaty, Pogains, l’Anse Margot); 1 cup from the H. dentatus Zone of 

Courcelles. 

 

Description.  Cup subconical to cylindrical in lateral profile, aboral margin flattened, concave 

to weakly convex, rarely with central dimple (Fig. 6.1-5; Fig. 8.1-4, 7). Mid-radial line bears 

rounded ridge, running aborally from base of radial facet. Adoral interradial regions 

depressed, each bearing a centrally placed rounded pit with raised rim immediately aboral to 

the interradial processes. Radial facets triangular, concave, articular ridge weakly developed. 

Aboral margin of radial facet obtusely angled. Interradial processes tall, triangular, divergent 

from axis of cup (Fig. 8.4, 7). IBr1 bears short central, flat-topped ridge and large oval 

synarthrial articulation for 1Br2; lateral surfaces concave (Fig. 6.1, 7; Fig. 8.1). Proximal part 

of IBr2 narrow, bearing flat central ridge, expanding distally to form axillary articulation for 

IIBr1 (Fig. 6.9). internal and median processes tall, triangular. Distal brachials bear paired 

divergent spines (Fig. 6.8). 

 

Remarks.  The form described as P. monocarinatus rotundus by Destombes, of which he had 

a single cup from the H. dentatus Zone (1984 pl. 1 fig. 2) was distinguished by the “broad 

and rounded” cup, compared to the cylindrical, flat-based cup in P. monocarinatus 

subplanus (1984 p. 10) from the overlying A. intermedius Zone. However, the variation in 

aboral cup profile in a single sample (Poigny) demonstrates continuous variation between the 

two morphologies, rather than a stratigraphical partitioning between the two. C. subplanus 

differs from its congeners in the depressed interradial regions bearing a rounded adoral 

depression. 

 

 

Calvaticrinus integer (Hess, 2010) 

Fig. 6, 10-12 

 

2010 Discocrinus integer Hess, in Hess and Gale, p. 444, fig. 7A-D. 

 

Diagnosis. Cup trapezoidal in lateral profile, aboral surface flat, weakly lobate rounded 

margins formed by swollen radials. 



 

Types. Holotype, BMNH EE 13738, paratype EE 13740. Lower Albian, L. regularis Zone, 

Shenley Limestone, Double Arches pit, Leighton Buzzard, Bedfordshire, UK. 

 

Material. Additional cup fragments (BMNH EE 13836). 

 

Description. Cup trapezoidal in lateral profile, aboral region flat, radials gently swollen on 

aboral margin and adjacent to radial facets; interradial regions weakly concave aboral to 

interradial processes (Fig. 6.11, 12). Radial facets tall, broad, aboral margins rounded, central 

canal and aboral ligament pits large. Interradial processes tall, bladed, sutures of radials 

marked by narrow groove. Radials and basals form roof to basal cavity; basals form 

pentagonal central region of roof, representing 25% of cup diameter (Fig. 6.10). Brachials 

unknown. 

 

Remarks. C. integer differs from the other two species in the genus in the trapezoidal lateral 

profile of the cup, the swollen radials and the broad margins of the radial facets. It is only 

known from the lower Albian L. regularis Zone of Leighton Buzzard, UK. The affinities of 

Roveacrinus berthoui Ferré and Granier, 2000, from the Hauterivian of Spain were discussed 

by Gale et al. (2010, p. 500). 

 

6. Phylogeny of the Roveacrinidae 

 

This paper is the latest in a series of taxonomic revisions of Cretaceous Roveacrinidae (Gale 

2016, 2017, 2019, 2020; Gale et al. 2018, 2020a, b) and provides an account of the earliest 

known representatives of the family, from the Albian. This concludes taxonomic study of all 

known material and is therefore an opportune time to consider the phylogenetic history of the 

family. 28 characters (Table 1) were analysed, based partly upon the list of Gale (2016 table 

1) and examined in 21 genera (Table 2). Analysis was performed in TNT v.1.5, applying a 

traditional search with 10,000 replicates, tree bisection and reconnection with 100 trees saved 

per replication. Decay indices (Bremer support, optimal = 3) were also performed in TNT v. 

1.5. The phylogenetic analysis resulted in a strict consensus tree of 20 most parsimonious 

trees, and a stratigraphically calibrated tree (Fig. 9) is provided here. 

 



The consensus tree (Fig. 9), generated with Saccocoma as outgroup, shows the fundamental 

division of Roveacrinidae into a well-supported (Bremer support 4) Orthogonocrininae, 

which is sister-group to all other subfamilies (Plotocrininae, Roveacrininae, Hessicrininae). 

Of these, only Plotocrininae (Bremer support 1) and Hessicrininae (Bremer support 3) are 

monophyletic; Roveacrininae are paraphyletic. Interestingly, Euglyphocrinus appears as 

sister-group to Plotocrininae+Roveacrininae+Hessicrininae, and basal to this clade. This 

genus possesses sub-basal balls, a key synapomorphy of the Orthogonocrininae, in which 

Gale (in Gale et al. 2020) placed the genus. It therefore appears likely that morphologically 

complex orthogonocrinines are basal to all other roveacrinids, which display a number of 

character losses. The split between the two groups predates the Albian, because both clades 

occur in the lower Albian. Roveacrinids are not so far recorded from the Aptian, but by 

inference must be present in that stage. 

 

 

7. Conclusions 

 

Roveacrinid microcrinoids are described from the lower and middle Albian clays of the 

Anglo-Paris Basin, and the genus Calvaticrinus gen. nov. is described for smooth 

plotocrinines, with Plotocrinus monocarinatus Destombes, 1984 as type species. Species of 

Hyalocrinus and Calvaticrinus gen. nov. form short evolutionary lineages through the lower 

and middle Albian of the Anglo-Paris Basin. Successively, H. bulliensis (lower Albian, O. 

subhilli Zone) - H. magniezii (L. lyelli Subzone-A. intermedius Zone); C. integer (L. regularis 

Zone) - C. monocarinatus (O. subhilli Zone) – C. subplanus (A. intermedius Zone).  

Although these are known from few localities, they are likely to be of significantly wider 

distribution, with considerable potential for correlation. The presence of two North American 

species in the A. intermedius Zone of Aube, France (Plotocrinus distinctus and P. rashallae, 

otherwise known only from central Texas), affords evidence that the lower part of the middle 

Albian Manuaniceras carbonarium Zone in Texas correlates with the Anahoplites 

intermedius Zone in northwest Europe. 
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Figures 

 



 
Fig. 1. Map of Anglo-Paris Basin, Lower Cretaceous outcrop in green, to indicate localities 

which have yielded Albian roveacrinids. 1, Leighton Buzzard, Bedfordshire; 2, Folkestone, 

Kent; 3, Wissant, Boulonnais; 4, Bully, Seine Maritime; 5, Aube region. For details of the 

localities in the Aube, see Amédro et al. (2014) and Amédro and Matrion (2014) and 

Appendix. 

 



 
Fig. 2. Stratigraphical occurrence of lower and middle Albian microcrinoids, Anglo-Paris 

Basin. 

 



 
Fig. 3. 

Hyalocrinus magniezii Destombes, 1984. 1-3, 5-8, 13, cups. 1, cup in lateral view (NHMUK 

PI EE 16061). 2,3, aboral views of broken cups (NHMUK PI EE 16062, 16063). 5, adoral 

view of cup (NHMUK PI EE 16065). 6,8, sagittal views of interiors of broken cups 

(NHMUK PI EE 16066, 16067).  7, enlargement of subradial ball shown in 3.  4, 9, IBr2, 

internal (4) and external views (9) (NHMUK PI EE 16064, 16068). 10,11, possible IBr1, in 

external and lateral views (NHMUK PI EE 16069). 12, distal brachial (NHMUK PI EE 

16071). 13, enlargement of lateral radial tubes shown in 5. Originals of Gale 2019 pl. 38 figs 

1-11. All from Bed III, Dimorphoplites niobe Zone, middle Albian, Folkestone, Kent, UK. 

Scale bars: 7, 13, 0.05mm; 10-13, 0.1mm; all others 0.2mm. 

 

 



 
Fig. 4. 

1, Calvaticrinus monocarinatus (Destombes, 1984). Cup in lateral aspect. MNLH 

2011.25557a. 2-13, Hyalocrinus bulliensis Destombes, 1984. 2-4, radial plates in external 

aspect. 3, original of Destombes 1984 pl. 1 fig. 5. MNLH 2011.2.5558a-c. 5, 6, IBr2, external 

view. MNHL 2011.2.5545a, b. 7, IIBr2, external view. MNLH 2011.2.5545c. Figs 8-13, 

distal secundibrachials, lateral aspects. MNLH  2011.2.5545d-i. Note attachment sites for 

pinnules (p). All from the lower Albian, Otohoplites subhilli Subzone, Bully, Saint-Martin-

l’Hortier, Pays de Bray, France. 1, beds a2-a7 of Bully. 2-13, bed a1, Bully (Destombes et al. 

1977). Scale bars: 1, 6, 0.5mm; all others 0.2mm. 

 

 

Fig. 5. 



1-6, Hyalocrinus 

magniezii Destombes, 1984. Cups in lateral view.  UBGD.034002-034007. 7-10, 

Orthogonocrinus apertus Peck, 1943. Cups in lateral view, UBGD.034008-034011. 11, 

Styracocrinus apertus (Peck, 1943), cup in lateral view. MNLH 2011.2.5544. 1-6, Middle 

Albian, A. intermedius Zone, Pogains, Aube, France. 7-10, middle Albian, A. intermedius 

Zone, l’Anse Margot, Aube, France. 11, P. pricei Zone, Wissant, Boulonnais, France. Scale 

bars: 7, 8, 0.5mm; all others 0.2mm. 

 

 



 
Fig. 6.  

1-9, Calvaticrinus subplanatus (Destombes, 1984). 1, cup retaining some primibrachials 

(IBr1) in lateral view. UBGD.034012. 2, cup in oblique aboral view. UBGD.034013. 3, cup 

with convex aboral region. UBGD.034014. 4, aboral view of cup, showing flattened aboral 

surface and central depression. UBGD.034015. 5, cup in lateral view. UBGD.034016. 6, 

original drawing of Destombes (1984, pl. 1 fig. 3), lateral aspect of cup. 7, IBr1, external 

view. UBGD.034017. 8, distal brachial, to show horn-like lateral processes. UBGD.034018. 

9, IBr2, axillary, showing tall bladed internal processes. UBGD.034019. 10-12, Calvaticrinus 

integer (Hess, 2010). 10, paratype, aboral view of specimen with broken aboral portion, to 

show basal cavity and centrally placed, internal basal plates. Original of Hess and Gale 2010, 

fig. 7D (NHMUK EE 13740). 11, 12, holotype, in lateral and oblique aboral views, original 



of Hess and Gale 2010 fig. 7A, B (NHMUK EE 13738). 1-9, middle Albian, Anahoplites 

intermedius Zone, Pogains, Aube, France. 10-12, lower Albian, P. regularis Zone, Shenley 

Limestone, Double Arches Pit, Leighton Buzzard, Bedfordshire, UK. Scale bars: 10-13, 

1mm; 1-5, 0.5mm; all others 0.2mm. 

 

 
Fig. 7. 

1-14, Calvaticrinus monocarinatus (Destombes, 1984). 1-3, cup, in lateral (1), aboral (2) and 

adoral (3) views. MNLH 2011.2.5456a. 4, 5, cup in lateral (4) and aboral (5) views. MNLH 

2011.2.5456b. 6, cup, with aboral portion broken away. MNLH MNLH 2011.2.5456c. 7, 8, 

10, 12, axillary brachials IBr2; 10 retains articulated IIBr1. MNLH 2011.2.5549a-c; 

2011.2.5541a. 9, 13, I IBr1, in external (9,) and internal (13) views. MHNL 2011.2.5549d. 



14, IBr1, external view, e, 2011.2.5541b.  11, distal brachial, external view MNLH 

2011.2.5541b. Lower Albian, Otohoplites subhilli Subzone, Bully, Saint-Martin-l’Hortier, 

Pays de Bray, France. 1, beds a2-a7 of Destombes et al. (1977). Scale bars: 1-7, 10, 12, 

0.5mm; all others 0.2mm. 

 

 
Fig. 8. 

1-4, 7, Calvaticrinus subplanatus (Destombes, 1984), cups in lateral (1-3, 7) and adoral (4) 

aspects. 1, cup retaining articulated IBr1, MNLH MNLH 2011.2.5456d. 4, cup in aboral 

view, MNLH MNLH 2011.2.5456e. 2, 3, 7, cups in lateral view, UBDG.034020-034022. 5, 

8-11, Plotocrinus primitivus Peck, 1943. 5, original of Gale et al. 2020a pl. 9 fig. 8, 

UBGD.034023.  8, 10, cups in lateral view, UBGD.034023, 034024. 9, 11, cups in aboral 

view, UBDG.034025, 034026. 6, 12, Plotocrinus rashallae Gale, in Gale et al. 2020a. 6, cup 



in aboral view, original of Gale in Gale et al. 2020a, pl. 9 fig. 12, NHMUK PI EE 17799. 12, 

cup in lateral view, UBDG.034027. 1, 4, A. intermedius Zone of Courcelles, Aube, France. 2, 

3, 5-12, A. intermedius Zone, Pogains, Aube, France. Scale bars: all 0.5mm. 

 

 
Fig. 9.  

Phylogeny of the Roveacrinidae, based on the cladistic analysis presented in this paper. 

Numbers refer to Bremer support for nodes. 

 

 



Appendix Fig. 1. The Anse Margot outcrop is a new section in the Albian of Aube. It is located in

Mathaux township, near the bank of the Auzon-Temple Lake, Charlieu Peninsula inside the Reserve

Naturelle Nationale de la For  et d ^ ’Orient (Fig. 1a). It exposes 5m of pale grey clay with four

intercalated silty marl beds (Fig. 1b). Fossils are scarce and include Actinoceramus concentricus

(Parkinson), Anahoplites planus (Mantell) and A. intermedius (Spath). The last species dates the

section to the eponymous middle Albian zone. Compared to the reference log of the AUB 240

Vallentigny borehole (Amedro et al., 2019  ), the Anse Margot section is in the Argiles tegulines de

Courcelles Formation, middle or upper part of the Anahoplites intermedius Zone.



Table 1. Character list for phylogenetic analysis of Roveacrinidae.

Roveacrinid characters

1) Cup conical (0); cup cylindrical (1)

2) Cup broad, low (0); height equal to breadth (1); cup taller than broad (2)

3) Aboral margin of cup calcified (0); non-calcified, “open” (1)

4) Basals external (0): internal, aboral cavity roofed by central basals and transverse septum of

radials.

5) Basal cavity absent (0); present (1)

6) Centrale present, external (0); absent in fully grown crinoid (1)

7) Basals absent (0); basals present (1)

8) Sub basal balls absent (0); present (1)

9) Lateral radial tubes absent (0); present (1)

10) Radial cavity broad (0); narrow (1)

11) Muscle fossae on radial facets separate (0); fused (1)

12) 2 Wall of cup solid (0); reticulate (1) 

13) 3 Radial articulation horizontal or slightly inclined (0); strongly inclined, aboral part on vertical

wall of cup (1) 

14) 4 Radial articulation flush with wall of cup (0); radial articulation projects from side of cup (1) 

15) 5 Radial spines or flanges absent (0); long oval radial spines present (1); bladed radial spines

present (2): wing-like horizontal flanges (3)

16) 6 Radials solid (0), with foraminae (1) 

17) 7 Interradial fenestra absent (0); present (1) 

18) 8 Radial:basal fenestra absent (0) one present (1) two present (2) 

19) 9 Basal fenestra absent (0); present (1) 

20) 12 Basal web absent (0); present (1) 

21) 14 Basals without spines (0); short spines (1); long bladed spines (2) 

22) IIBr2 equal in length to IBr1 (0): elongated (1)

23) Brachials lack lateral flanges (0); flanges present (1)

24) Internal processes simple, pointed (0); with feather-like processes (1); with stag's horn or trellis

like processes (2)

25) Brachials lack external spines or processes (0) present (1)
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26) Mid- arm brachials with single bladed processes (0); paired or cup-shaped processes (1)

27) Brachials constructed of perforate stereom (0); of dense imperforate stereom (1)

28) Proximal brachials flattened (0); oval in cross section (1); laterally compressed (2)

Table 2. Character matrix for analysis of phylogeny of Roveacrinidae.

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1

0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1

0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 2

1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1

1 0 1 0 0 0 0 0 0 0 0 ? ? ? ? 0 ? ?

0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0

0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0

0 0 0 0 2 0 0 0 0 0 0 0 1 1 1 1 1 0

0 0 0 1 3 0 0 0 0 0 0 0 1 1 1 0 1 0

0 0 0 1 2 0 0 0 0 0 0 0 1 1 1 0 1 0

0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 0 1 0

0 0 0 1 2 0 0 0 0 0 0 0 1 1 1 0 1 0

0 0 1 0 0 0 1 0 0 0 0 1 1 0 0 0 0 2

0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0

0 1 0 1 2 1 0 2 1 1 1 0 1 1 1 0 1 0

0 0 0 1 2 1 1 1 1 1 2 0 1 1 1 0 0 1

0 1 0 1 2 1 0 1 0 1 2 0 1 1 1 0 1 0

0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 2

0 1 0 1 1 1 1 1 1 1 1 0 1 1 1 0 1 0

0 1 0 1 0 1 1 1 1 1 0 0 1 1 1 0 1 0
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