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ABSTRACT 

Manccfiido, M.O., 1993. First record of Jurassic nucleatid brachiopods from the southwest Pacific with comments on the 
global distribution of the group. Palaeogeogr., Palaeoclimatol., Palaeoecol.. 100:189 207. 

The global distribution of the brachiopod genera Lmguithyris, Nuch'ata, Phymatothyris, Securithyris and Triangope is 
reviewed stratigraphically. From the Early Jurassic to the Late Cretaceous, they show a persistent fidelity to Tethyan areas, 
but t\~r brief extensions elsewhere. Prominently among these, two fundamental new records are revealed: Linguithyris agerorum 
n. sp. from upper Liassic deposits of New Zealand (western coast of North Island), and Nuch'ata ex gr. houei/planulam 
(Zeuschner) from the Upper Jurassic of Indonesia (the Sula Islands). 

Taxonomical relationships are discussed and an updated classification is outlined, resulting in removal of Phymatothvris 
from the incertae sedis condition to be placed in the subfamily Nucleatinae, and, at a broader scale, it is proposed that the 
families Nucleatidae, Pygopidae and Discoliidae deserve to be singled out in a superfamily of their own. From palaeoecological/ 
palaeogeographical considerations it is concluded that: (I) the greatest horizontal and vertical ranges were attained by more 
generalized stocks close to the stem group; (2) the above-mentioned "'anomalous" occurrences represent yet another example 
of successive "waves" of Tethyan taxa that have spread to Australasian localities in different moments of the Jurassic; (3) this 
was probably achieved by "sea-mount hopping" in coincidence with transgressive events worldwide and rising peaks of global 
sea-level curves; and (4) the present position of New Zealand and the Sula Islands relative to the suturing line of the Tethys 
closure, and the nature of these faunal links, may be a reflection of both territories having been located on the same margin 
of Gondwanaland during Jurassic times. 

Introduction 

One of the f a v o u r i t e - - a n d  r e c u r r e n t - - t o p i c s  in 

Prof. D.V. Ager 's  prolific p roduct ion  has been that 

of Pygope and its allies (numerous  papers over the 

last three decades, see below). Thus,  it seems most  

appropr ia te  to put  forward this reappraisal  of  the 

subject in a Special Issue dedicated to him. 

Long ago he duly emphasised that stocks with a 

sulcate anter ior  commissure  (i.e., " inver ted"  rela- 

tive to the " n o r m a l "  type of folding) or with a 

broadly  expanded front (i.e., so-called "axini-  

Corre.v~on,lence to: M.O. Mancefiido, Division Paleozoologia 
lnvertebrados. Museo de Ciencias Naturales, Paseo del Bosque, 
1900 ka Plata, Argentina. 

form",  or else deeply bilobed up to centrally perfo- 

rated) showed a distinctive spatial d is t r ibut ion 

along the Alpine chains, excluding the Pyrenees 

(Ager, 1960, pp. 20-23,  1967, pp. 137 139, 

144 148). Such pat tern was alternatively termed 
"Alpine" or "Med i t e r r anean"  (within the Tethys) 

and was considered as one of the inner  of a series 

of roughly concentr ic  belts initially worked out  in 

detail for the Early Jurassic, yet persistently recog- 

nizable for most  of the Mesozoic (Ager, 1960, 1963, 
1967, 1971, 1973, 1975, 1986b; cf. also Geyssant ,  

1966; Vogel, 1966: Middlemiss,  1973: 1984: Ager 

and Sun, 1988). 
Though  sometimes interpreted in terms of pro- 

vinciality, Ager made clear that he believed that 
ecological rather than merely geographical control  

0031-0182 '93/S06.00 ~{': 1993 - -  Elsevier Science Publishers B.V. All rights reserved. 



190 M.O. MANCI!IN|DO 

was involved, as he regarded these forms as charac- 
teristically adapted for living on calmer and 
deeper sea floors (Ager, 1963, 1965, 1968, 1971, 
1976). Their sporadic occurrence as far north as 
Greenland in the Early Cretaceous was envisaged 
as the influence of a proto-Gulf Stream developed 
with the opening up of the Atlantic (Ager, 1971, 
1973, 1975, 1986b: Owen, 1976: Ager and Walley, 
1977: Sandy, 1991). More recently, many of these 
ideas have been further elaborated in successive 
papers by V6ras (1975, 1977, 1980, 1984a,b, 1986, 
1987: V6r6s et al., 1988) who postulates the former 
existence of a "Mediterranean microcontinent" 
independent from both the European and African 
shelves and itself differentiated into two subprov- 
inces ("Carpatho-Sicilian" and "Apennino- 
Transdanubian"). An "Adriatic Microplate" 
inhabited by these faunas was likewise recognized 
by Ager ( 1980, 1986b). 

With regard to palaeoecology, concurrent infer- 
ences have been derived from: (a) convergent devel- 
opment in unrelated brachiopod stocks, including 
not only fossil but also known deep-sea extant taxa 
(Ager, 1960, pp. 23-24, 1963, p. 49); (b) occurrence 
in facial settings dominated by calcareous mud- 
stones and marls, with an associated fauna of 
ammonites (often phylloceratids and lytoceratids, 
sometimes just aptychi), belemnites, inoceramids, 
calpionellids, radiolarians and pelagic foraminifers 
(Ager, 1963, p. 210, 1965, p, 161; Vogel, 1966, 
pp. 430-434): and (c) functional morphological 
approaches to adaptive traits for optimizing 
oxygen absorption areas (Ager, 1960, p. 24, 1963, 
pp. 133-134) as well as most effective spatial sepa- 
ration of incurrent food-bearing streams from 
excurrent waste-carrying water jet(s), away from a 
muddy substrate (Ager, 1960, p. 24; Vogel, 1966, 
pp. 426-430, 435 437: Rudwick, 1970, p. 125, 
fig. 73). Confirmatory hydrodynamic flume experi- 
ments with a model placed across a current have 
been incidentally reported in dealing with Palaeo- 
zoic dicoelosiid analogues (Brower and Veinus, 
1978, p. 1051). These evidences are all consistent 
with biotopes in which benthos-poor, extremely 
fine grained bottoms are combined with very quiet 
waters, involving high risk of recirculating a filtered 
stream plus an intrinsic deficiency in suspended 
food particles supply (and maybe in oxygen con- 

centration too). Such environmental conditions 
may be found in bathyal to abyssal depths of the 
ocean (Steinmann, 1925; Ager, 1965; Vogel, 1966), 
or on (and around) sea mounts standing up from 
the ocean floor (V6r6s, 1973, 1975, 1986; Ager, 
1986b, 1991; Ager and Sun, 1988). It has even been 
suggested that small-sized adults of Nm'h, ata 

nuch'ata may have been adapted to live in epiba- 
thyal conditions, perhaps attached as epibionts 
upon certain ammonites and thus benefitting from 
passive transport (Tchoumatchenco, 1986, p. 394). 

From an evolutionary viewpoint, Buckman's 
highly speculative scheme (1906, plate 41) display- 
ing no less than three vertical "genetic series" 
(equated to genera) and four horizontal "develop- 
mental stages", with fossils arranged in a matrix- 
like theoretical framework (showing few "'empty 
boxes" indeed) was never accepted by, Ager, on the 
grounds of Buckman's insufficient field informa- 
tion and disregard of actual stratigraphical suc- 
cession. He was not convinced either by the 
phylogenetic ideas epitomized in a more conven- 
tional, rather "'bushy", branching diagram by Jarre 
(1962, pp. 105 114, fig. 12). In Ager's opinion, the 
evolution of the group seems a classical example of 
a stock confined to a restricted environment, which 
repeatedly diversified in the same general area in 
Late Jurassic times and after the difficult episode 
of the Jurassic Cretaceous boundary. Such radia- 
tion budded off" from a main trunk of Nucleata- 

type sulcate forms with Triassic Early Jurassic 
roots which, save for a mid-Jurassic near eclipse, 
continued unabated into the Cretaceous, at least 
until the Albian (Ager, 1965, p. 163, 1975, p. 155). 
This is aptly depicted in his latest tree, branched in 
a "candelabrum" fashion to reflect long periods of 
stasis and short evolutionary bursts (Ager, 1986a, 
fig. 2). 

As a by-product of his studies, Ager also ana- 
lysed possible biostratigraphical significance of 
representatives of the group, first in relation to the 
Jurassic-Cretaceous boundary (1975), and then 
providing an overall succession of dominant con- 
spicuous species t\)r the Jurassic of Tethyan areas 
(Ager, 1979. table 7). 

On the other hand. since the Trea:ise (Muir- 
Wood. 1965), main contributions to family-level 
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classification have been by Dieni et al. (1975), Dieni 
and Middlemiss ( 1981 ) and Cooper (1983). 

According to this state of knowledge, neither 
Nucleatids nor Pygopids had ever been illustrated 
flom circum-Pacific areas. The only incidental 
mention traced so [hr, corresponds to the prelimi- 
navy identification of a terebratuloid Dom the 
Upper Triassic Torlesse terrane of Palmerston 
North, New Zealand, due to Ager (1986b, p. 388), 
"'which may be Nucleata or a long-looped homo- 
eomorph thereof" and whose presumed short- 
looped atfinities have apparently not been eluci- 
dated yet. Genuinely, then, this contribution 
reports and documents the discovery of Jurassic 
Nucleatids in difl'crent islands of the Australasian 
region. In view of the undeniable palaeobiogeo- 
graphical interest of these findings, also broader 
aspects of the distribution and relationships of the 
group are summarily reviewed and blended with 
unpublished results from the present attthor's the- 
sis (Mancefiido, 1978). 

Systematic palaeontology 

A new .~'pecD,s'./'/'ont lhe Early Jura.s'sic o/Ne~r 
Zealand 

In April 1990, systematic surveying of the Meso- 
zoic fossils housed at the Department of  Geology, 
University of Auckland [= AU], revealed the pre- 
sent material, still unidentified since being collected 
in 1971 by Prof. Grant-Mackie and others, from 
M urihiku terrane inland exposures in the Port Wai- 
kato area (North Island of New Zealand). 
Although no other fossil has been recorded from 
precisely the same stratigraphic interval, the bear- 
mg beds were assigned to the upper Ururoan on 
the basis of its normal occurrence about 90 m 
upstream from those yielding the diagnostic lower 
Ururoan bivalx, e P.seudaucc, lla nTurshalli Marwick 
(J. Grant-Mackie, pers. commun., 1990 1991). 
Consequently, this suggests in standard terms a 
probable Toarcian (late Pliensbachian? Aalenian?) 
age for the topmost Pongawhakatiki Siltstone. 

LinvuiHlrri,s aj,,erorum sp. nov. (Fig. la e) 

Diavno.sLs: Medium-sized Linguithyris (about 
30 mm ,aide, 25 mm long and 15 mm thick): with a 

heptagonal outline in top view, widest and thickest 
at front: with a broad, shallow, flatfish, dorsal sul- 
cus (about 22 mm in maximum width): anteriorly 
truncated to tenuously bilobed, with straight lat- 
eral commissure and gently arched linguiform 
extension at right angles to it: with an incurved 
beak (almost concealing delthyrial region), bearing 
a rather large, permesothyrid foramen. 

Elyntolo%r: The species is named after Derek and 
Rende Ager. 

H~lolype: An almost complete steinkern with a 
corner damaged (No. AU 907). Type localitr: Opu- 
aria Stream, ca. 4 km downstream from Ponganui 
Road (Fossil loc. R13:fT048, grid ref. R13/732 
247), New Zealand. ('omparison.s': The new species 
is first compared with the type species of the genus 
L. h![ida (Rothpletz) (1886, p. 114, plate 5, figs. 
17 19, 21, 23, 25 27) f rom the Ba,jocian of the 
Alps, which can be also wider than long: yet it 
bears a deeper, obtrapeziform linguit\>rm extension 
and attains maximum width and thickness at mid- 
length. L. nepo.s' (Parona and Canavari) (1882, p. 
342, plate 10, figs. 1 4; Rothpletz, 1886, p. 416+ 
plate 5, figs. 20, 22, 24: Jarre, 1962, p. 100, plate J, 
fig. 2: Ferrari and Manara, 1972, p. 315. plate 30, 
figs. I, 2), from the Aalenian of northern Italy 
Austria, is much smaller, with a "U-shaped'" 
median sinus deflected back. k. umh+mata (Buck- 
man) (1918, p. 234, plate 20, fig. 4a: Muir-Wood, 
1965, p. H802, fig. 679/4a c). from the Bajocian of 
Dorset (England) and elsewhere, is narrower still, 
with a gibbous dorsal umbo and an early starting 
dorsal sulcus, parabolic in anterior view'. L. nuLvi- 
n+u,+ Tkhorzhevski] (1989, p. 26, plate 2, fig. l a v ) ,  
from the early gaiocian of the Pieninv Carpathi- 
ans, also tends to be longer than wide, more 
rounded and with a deeper central dorsal sulcus. 

L. a.~l~asia (Meneghini) is a Liassic species wide- 
spread from Turkey, Greece, Hungary, Czechoslo- 
vakia, Austria, Switzerland, across Italy to Sicily, 
Algeria, Morocco, Spain, which likewise shows a 
predominantly transverse shape, though bilobation 
is usually more neatly developed, with well- 
rounded lobes separated by a much retracted 
median deflection expressed in a well-detached 
ventral fold (cf. Zittel. 1869. p. 126, plate 14, figs. 
1 4: G. Geyer. 1~89, p. 14, plate 2, figs. 14. 15: 
Fucini. 1896, p. 213, plate 24. fig. I Buckman, 
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Fig. I (a-j) Specimens coated with ammonium chloride, whereas (k-l) are photographed under water to enhance features perceivable 
through translucent shell. (a-e) Linguithyris agerorum n. sp., AU 907 X 1.5, upper Lias, Opuatia Stream, North Island, New 
Zealand. (a) Dorsal view. (b) Ventral view. (c) Lateral view. (d) Posterior view. (e) Anterior view. (f-j) Nucleata ex gr. bouei/ 
planulata (Zeuschner), MLP 24892 x 1.5, upper Jurassic, the Sula Islands, Indonesia. (f) Dorsal view. (g) Ventral view. (h) Lateral 
view. (i) Posterior view. (j) Anterior view. (k-l) Phymatothyris rheumatica (Canavari), NMB L9542, middle Lias, Scavoviglia, 
Corfu Island, Greece. (k) Dorsal view ( x 2). (I) Enlarged detail of (k) ( x 4). 

1906, p. 438, plate 41, fig. 23; Flamand,  1911, p. 
872, plate 3, fig. 7; Dareste de la Chavanne,  1920, 
p. 39, plate 3, figs. 9, 10; Jimenez de Cisneros, 1923, 
p. 20, plate 3, fig. 4; De Gregorio, 1930, p. 33, plate 
6, figs. 3, 27, 42, plate 7, figs. 9, 10; Renz, 1932, p. 
28, plate 2, figs. 3, 5; Vigh, 1943, p. 331, plate 25, 
figs. 20-28; Jarre, 1962, p. 85, plate J, fig. 1; Siblik, 
1964, p. 163, plate 7, fig. 3; Sacchi-Vialli and Can- 
taluppi, 1967, p. 100, plate 14, figs. 13-15; Bram- 
billa, 1971, p. 470, plate 1, fig. 1; etc.). Less similar 
is L. hughenini (Rollier), from the Toarcian of  Crus- 

sol, France (Dumortier,  1874, p. 216, plate 46, figs. 
16-18), being slightly longer than wide and incipi- 
ently intraplicate. 

In fact the overall shape of  L. agerorum n. sp. is 
closely reminiscent of  Terebratula (Waldheimia) 
bilobata from the Lias of  Italy, which differs in its 
sharper and longer beak ridges and in being thick- 
est at mid-length. Yet if the latter is long-looped 
(as implied by Zittel, 1869, p. 127, plate 15, figs, 1 
2) such resemblance would be purely homoeom- 
orphic. 
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A new recordji'om the Late Jurassic of  the Sula 
Islands" 

A couple of years ago, the writer recognized a 
well-preserved specimen in a sample kept unpro- 
cessed with collections from the Sula Islands 
obtained in 1976 by Westermann, Sato and 
Skwarko (1978). In spite of imprecisions surround- 
ing accurate provenance, it i s - -not  surprisingly-- 
physically associated to inoceramids thus warranb 
ing brief description and illustration (Fig. If-j). 
According to S. Damborenea (pers. commun., 
1989) the bivalve shells belong to the Retroceramus 
galoi-haasti lineage, which is well known in Heter- 
ian and Ohauan strata (of the New Zealand 
scheme) from the Southern Hemisphere. Hence, 
the age of the accompanying brachiopod may be 
approximately bracketed between Callovian and 
early Tithonian of the international scale (cf. also 
Westermann et al., 1978, table 1; Damborenea, 
1990, fig. 4). 

Nuch, ata ex gr. bouei/planulata (Zeuschner) 
(Fig. If j) 

Description: This is a medium-sized Nucleata 
(22.5 mm wide, 22 mm long and 14 mm thick), with 
an almost subcircular (anteriorly truncate) outline 
and a markedly ventribiconvex profile; with a flat- 
tened dorsal valve, and a rapidly widening median 
sulcus (up to 15 mm wide at front); with an erect 
to somewhat incurved beak pierced by a round, 
mesothyrid foramen (and not concealing delthyrial 
region): sulcate anterior commissure with a squar- 
ish linguiform extension perpendicular to straight 
lateral commissures; shell substance finely and 
densely punctate. Material: A complete steinkern 
with remains of partly decorticated shell (MLP 
24892). Comparisons: The type species, N. nucleata 
(Schlotheim) from the Oxfordian and Kimmerid- 
gian o1" southern Europe and northern Africa is 
considerably smaller in average size, has a more 
massive and prominent umbo, is more subpentago- 
nal in outline and gibbous in profile, as revealed 
by comparison with the literature (Quenstedt, 
1856 1857, p. 638, plate 79, figs. 14-16, 1868 
1871, p. 360, plate 47, fig, 108 etc.; Choffat, 1947, 
p. 29, plate 16, fig. 9; Jarre, 1962, p. 87, plate J, 

figs. 6, 8: Muir-Wood, 1965, p. H802, fig. 679/la 
d: Malinowska, 1967, p. 86, plate 11, figs. I-4: 
Barczyk, 1972, p. 155, plate 1, fig. 3: Renz et al., 
1975, p, 445, plate 1, figs, 15, 16; Laurin, 1979, p. 
418, figs. 1, 2; Cooper, 1983, p. 123, plate 36, figs. 
7 9: etc.), and with own collections from the White 
Jura of the Swabian Alb. The present material does 
resemble, however, certain larger forms from the 
Oxfordian-Tithonian of France and Germany 
either interpreted by Jarre (1962, p. 90, plate J, 
fig. 7) as a depressed variant of N. m,'leata and 
also compared to N. aliena (Oppel), or called N. 
cf. nueleata by Quenstedt (1868 1871, p. 361, plate 
47, fig. 113). 

As noticed by Dieni and Middlemiss (1981), it is 
sometimes difficult to discriminate within the 
plexus of Oxfordian Berriasian forms referred to 
Zeuschner's nominal species N. bouei and N. planu- 
lata and may even correspond to a single highly 
variable taxon, spread from northern Morocco and 
southern Spain, along southern Europe, up to Cri- 
mea and the Caucasus. Typical N. houei, however, 
are more cordiform and have a parabolic to almost 
"V"-shaped sulcus (cf. Zittel, 1870, p. 252, plate 
13, figs. 15 24, Favre, 1875, p. 53, plate 7, figs. 
13 15; Ksia2kiewicz, 1956, pp. 218, 355, plate 26, 
fig. 5: Jarre, 1962, p. 93, plate J, fig. 10: Geyssant, 
1966, p. 75, plate 1, figs. 1, 2: Barczyk, 1972, p. 
153, plate 1, figs. 1, 2: Lillo Bevifi, 1977, p. 83, plate 
3, figs. 3-5). Yet the similar W/L ratio and "open 
U"-like sinus, shown by some examples assigned 
by Favre (1877, plate 9, figs. 10 12), Geyssant 
(1966, plate 1, figs, 3 4) and Lillo Bevifi (1977, 
plate 3, figs. 1 2) are comparable with those condi- 
tions in the Australasian specimen. Since it also 
approaches N. planulata (Zittel. 1870, p. 253, plate 
38, figs. 3-5; Moiseev, 1934, p. 197. plate 17, figs. 
12 15: Barczyk, 1972, p. 156, plate l, figs. 4, 5: 
Sequeiros, 1977, p. 9, figs. 3, 4: Dieni and Mid- 
dlemiss, 1981, p. 45, plate 4, fig. 4) and agrees very 
well with Moiseev's Tithonian material from the 
Caucasus, open nomenclature is advisable. 

Also linked to the same group are the Oxfor- 
dian-Berriasian N. rupicola Zittel (1870, p. 252, 
plate 38, figs. 1, 2; Buckman, 1906, p. 445, plate 
41, fig. 1; Jarre, 1962, p. 101, plate J, fig. 5; Geys- 
sant, 1966, p. 76, plate 1, fig. 5; Barczyk, 1972, p. 
157, plate 1, figs. 6, 7: Sequeiros, 1977, p. 9, 
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fig. 3/2-3) and the Oxfordian N. favrei Rollier 
(1918, p. 261; cf. also Favre, 1876, plate 7, fig. 5; 
Jarre, 1962, plate J, fig. 4), but they are much more 
transversely expanded and bilobed. Actually, 
Tkhorzhevskij (1989) introduced a genus Vjalovi- 
thyris on the basis of Transcarpathian materials 
attributed to Zittel's V. rupicola and to a new 
species V. pinguis from Tithonian and Berriasian 
deposits respectively. (He included Zeuschner's V, 
bouei and Geyssant's V. rifensis--elevated to 
species rank--as well). His only figured specimen 
is rather plump and mot markedly bilobed, thus so 
similar as to be regarded congeneric with the Indo- 
nesian shell. Yet, in view of the relative foramen 
size in the latter and of missing data about muscle 
scars in both, assignment to Nucleata s.1. provides 
a fairer statement of affinities until other important 
features of all these forms become better known. 
This does not preclude that in the future perhaps 
they could be referable to Vjah)vithyris. However, 
nominal genera such as this (or like Kubanithyris 
Tkhorzhevskij 1989), which appear to be based on 
minor differences of degree rather than of kind, 
doubtfully deserve subgeneric status at the very 
most. 

Taxonomic' position o.l"certain Liassic nucleatids 
from Europe 

Considerable debate has surrounded the proper 
generic allocation of many Early Jurassic nuclea- 
tids, such as Meneghini's "Terebratula aspasia", 
the commonest of them all. Contemporaneous 
authors have alternatively referred this and related 
species to Propygope (Ager, 1959, 1975; Siblik, 
1964; Ager and Walley, 1977; Elmi and Aim@as, 
1984; Tchoumatchenco, 1986), to Glossothyris 
(Jarre, 1962; Ager, 1965), to Nucleata (Sacchi-Vialli 
and Cantaluppi, 1967; O.F. Geyer, 1967; Bram- 
billa, 1971) and, more recently, to Linguithyris 
(V6r6s, 1984a,b, 1986, 1987, 1990; Dulai, 1990). 
According to Treatise descriptions (Muir-Wood, 
1965), Propygope Bittner differs in possessing a 
strong dorsal median septum (though serial sec- 
tions of the Triassic type-species were not pro- 
duced), as opposed to the short, ridge-like (almost 
negligible) myophragm of pygopids and nucleatids. 
Glossothyris Douvill6 is a junior objective synonym 

of Nucleata Quenstedt, which in turn is not readily 
distinguishable from Linguithyris Buckman, except 
for details of the dorsal adductor muscle scars 
(short and divergent in the latter instead of curved 
and converging anteriorly in the former) and other 
subtleties not always properly recorded in the liter- 
ature. Admittedly, some Italian authors even sus- 
pect that subjective synonymy might be involved. 
Conversely, V6r6s, a leading authority in Mediter- 
ranean brachiopod faunas, has consistently 
adopted Linguithyris for Liassic and early Dogger 
species and Nucleata only for younger ones. Pend- 
ing proper investigation of adductor scars of many 
species, it seems premature to dismiss the possi- 
bility of (at least partial) coexistence between Lin- 
guithyris and Nucleata. Where known, illustration 
of muscle patterns, as in L. nimbata by G. Geyer 
(1889, plate 2, fig. 13) or L. agerorum (Fig. la), 
would lend support to this criterion, which is thus 
provisionally followed for the purposes of this 
paper. 

In more general terms, the Appendix contains a 
concise synopsis of the personal ideas (partly stated 
above or to be exposed below) about updated 
scope and hierarchy in classification. 

In this connection, it is also important to reasses 
the relationships of the Liassic genus Phymato- 
thyris Cooper and Muir-Wood, an avowed substi- 
tute for Pallasiella, which was initially proposed by 
Renz (1932) as a subgenus of the catch-all genus 
Terebratula but proved to be preoccupied. More- 
over, the taxon has unfortunately remained poorly 
understood ever since, as reflected by its placement 
in the Treatise (Muir-Wood, 1965, pp. H813, 
H814) in an uncertain subfamily of the Cancello- 
thyrididae. This misconception has presumably 
been influenced by the indecisive original treatment 
by Renz (1932, pp. 40, 41) who made comparisons 
even with athyrides and pentamerides, Though fur- 
ther on (op. cit., p. 42) he duly realized that this 
was just a matter of convergence in external 
appearance, the issue was confused enough to 
obscure any evidence of strong links with the 
Nucleatidae, as favoured by the present author 
(1978 and herein). The illustration of upside-down 
anterior views certainly did not help reviewers with 
the unravelling process. 

Diagnostic features pointed out by Renz (1932; 
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and repeated by Muir-Wood, 1965) are swollen, 
ver'~ much incurved umbones (concealing fora- 
men), associated with thickening of the valves in 
these areas. Except lk~r that, most external charac- 
ters. such as a finely (endo)punctate shell, unorna- 
mented but for growth lines, as well as the neatly 
sulcate Frontal comnaissure of most species (includ- 
ing the type), suggests proximity to contemporane- 
otis Nuck,ata-like stocks. Furthermore, Renz's 
description of adductor muscle scars as "l/in- 
glichen'" (=  elongated) was extremely uninforma- 
tive. and the writer was able to observe 
conspicmms "'horseshoe-shaped'" dorsal scars in 
the Greek material of Pl~vmatothvris rtu, umatica 
(sec Fig. Ik I same, as Renz 1932, plate 3, fig. 8). 
This key feature had been properly illustrated for 
the L~ppcr Jurassic Nm'lertta mlcA,ata (Schloth.) by 
Bt|ckman (1918, plate 20, fig. 2ax, refigured by 
Muir-Wood. 1965, fig. 679'1d). It is also unmistak- 
ably shown (though not described) by Dieni et al. 
(1975, plate 34, figs. 4 6) on internal moulds of 
one of the youngest species of the genus, the tipper- 
most Albian N. meditcrra~wa Dieni and Mid- 
dlemiss. The present author further recognized it 
in Prof. ,~ger's own collection of various members 
of the genera Nucleata and Pygope from the Upper 
Jurassic to the Lower Cretaceous of several Euro- 
pean countries. So in spite of having escaped the 
attention of previous authors (e.g. Muir-Wood, 
1965" Cooper, I983: etc.) l\)r characterization at 
family level, it appears to be widespread through- 
out nucleatids and pygopids (both in terms of age 
and taxa where it is present), It seems to occur even 
among C'enozoic representatives of the Discoliidae. 
Whilst the author is not at all a zealous believer in 
Buckman's doctrinc of muscle scars as ultimate 
arbiters in brachiopod classification (which has 
fallen in discredit, of. Ager, 1990, pp. 15 17), this 
particular case may be worthy of more attention. 
Obviously, such exceptional scar patterns are not 
found in other terebratulides (except perhaps in 
some forms classed as Nucleatulinae), and certainly 
neither in athyrides nor in pentamerides. 

Thus the logical conclusion that PhytTlaloth.rris 
belongs to the Nucleatinae appears justified. In 
addition, the specimen figured herein (Fig. l k) also 
rcveals widely divergent dichotomous vascular 
markings (belier displayed than in Canavari, 1883, 

plate 10. fig. 5), which may bc fu|thcr relevant to 
this issue. 

Regarding the potential adapli\,e \altle of an 
extremely reduced or totally obliteratcd f0ramen. 
it is now known that in living members o f thc  tere- 
bratcllid genus Neothvris a free-lying mode of life 
on muddy bottoms is achieved with concomitant 
closure of a tiny pedicle opening by a chitinous 
plug (and apical "'counter-weight'" thickening) as 
described b\, Richardson (1981)and  personally 
observed in aquaria at Portobello Marine Sv, ilion 
(on ocassion of the 2nd. Int. Brachiopod ('ongrcss, 
199(t). The remarkable aspect of the carly Jurassic 
ecological counterpart under consideration, \\ould 
be that, judging from longitudinally sectioned 
specimens of P. ker/, vraca, shell material was appa- 
rentlk involved in the plugging process in Pllvmalo- 
lh rri,~. 

Distribution in space and time 

The palaeogeographica[ distribution is presented 
in four palaeocontinental reassembly maps 
(adapted from Smith and Briden, 1077, with 
palaeopositions of Turkey and Madagascar 
Greater India after Scotese, 1991) corresponding 
to lg0, 160, 140 and 120 Ma ago. respectively, i.e., 
Early Jurassic to Early Cretaceous tinms (Figs. 
2- 5). A synthetical account of occurrences plotted 
on each map, following a regional arrangement, is 
given immediately below, 

77re Early Juras,vic 

Many nominal species are involved, and even if 
their precise generic allocation may need further 
study (as commented in the preceding section), the 
overall picture would not be substantially altered 
(Fig. 2). For more detail in the Mediterranean 
areas see also V6r6s (1984b. 1987, 1990). 

Species now referable to kittguithyris und Securi- 
thvris have been reported from Murcia and Ali- 
cante provinces, southern Spain (Jimenez dc 
Cisneros, 1923, 1935; O.F. Geyer. 1967) where they 
are part of the mid-Liassic -Pygope Aspasia'  
fauna, but are unknown flom the Iberian ranges 
and the Pyrenees, as well as from central Francc 
and Britain. Simple sulcate I, irlwfill~yri,v occasion- 
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Fig. 2. Early Jurassic occurrences of Linguithyris, Phymato- 
thyris and Securithyris, see discussion in text (arrow points to 
new record). 

ally occur in Crussol, southern France (Dumortier, 
1874) and in Wurttemberg, southern Germany 
(Rau, 1905). They become more common, and are 
sometimes accompanied by Securithyris, in Swit- 
zerland (Parona, 1885; Renz, 1932; Wiedenmayer, 
1963; Brambilla, 1971), in northern Italy, from Pie- 
monte to South Tyrol (Uhlig, 1879; Parona, 1892; 
Dal Piaz, 1907; Sacchi-Vialli and Cantaluppi, 1967; 
Brambilla, 1971), in the Northern Calcareous Alps 
of Austria (Oppel, 1861; Rothpletz, 1886; G. 
Geyer, 1889; B6se, 1893, 1897), up to eastern 
Czechoslovakia (Siblik, 1964, 1967). 

In central Italy (the Apennine ranges, from Tus- 
cania to Umbria) species of Phymatothyris may be 
added (Zittel, 1869; Canavari, 1880, 1881, 1882, 
1883; Parona, 1883; Principi, 1910). Similar occur- 
rences extend to Calabria (Taddei-Ruggiero and 
V6r6s, 1987) and Sicily (Gemmellaro, 1874; Fucini, 
1920; De Gregorio, 1930), both southern Italy; to 
Bakony Forest-Gerecse, in Hungary (Vigh, 1943; 
V6r6s, 1980, 1984a,b, 1986, 1987); and to Corfu- 
Epirus, in western Greece (Renz, 1932; Mancefiido, 
1978). 

In Liassic deposits of northern Africa, L. aspasia 

is further known from Tunisia (Ager colin., 
unpubl.), from Algeria--Oranie, Tiaret and 
Guelma areas--(Flamand, 1911; Dareste de la 
Chavanne, 1920; Elmi and Alm6ras, 1984; Tchou- 
matchenco, 1986) and from the eastern High Atlas 
of Morocco (Dubar, 1962, who also mentioned S. 
adnethensis from there). 

Presence of Linguithyris in northern Turkey 
(Yacaqik and Bayburt) was substantiated by Ager 
(1959, as "Propygope"), whereas a presumable 
Securithyris from the first Turkish locality requires 
confirmation. Moiseev (1934, 1947) identified a 
Liassic species from Crimea which may be a Lin- 
guithyris, or a Nucleata according to Tchou- 
matchenco (1990), who subsequently retrieved it 
(as N. bodrakensis) from exotic deposits in eastern 
Stara Planina, Bulgaria. 

To those, L. agerorum n. sp. from the western 
coast of New Zealand North Island, is added 
herein and therefore represents an important new 
record for the Lower Jurassic at global scale. 

The Middle Jurassic 

Records shown in Fig. 3 refer either to Lingui- 
thyris or Nucleata (and include Kubanithyris, cf. 
above discussion in the previous section). For more 
detail in the Alpine areas see also V6r6s (1984b, 
1990). 

The type species of Linguithyris and several "sat- 
ellite" nominal species have been recognized over 
southern Europe. In the Iberian peninsula, Portu- 
guese records comprise those from the Bajocian 
(Alpine facies) of Cesareda, the lower Dogger of 
Guilhim and the Callovian of Cape Mondego and 
Algarve (Choffat, 1880, 1947; Mouterde et al., 
1979). Similarly, there are mentions for the upper 
Bajocian-lower Bathonian of the Cantabrian area, 
northern Spain (Dubar, 1931) and for the Middle 
Jurassic of the Murcia province, southern Spain 
(O.F. Geyer, 1967). 

The genus even reached southern Britain, occur- 
ring in Bajocian beds of Dorset (Buckman, 1918; 
Muir-Wood, 1965), in addition to France, the mid- 
dle-upper Dogger of Ardeche, Voulte and Crussol 
(Rollier, 1918; Jarre 1962), to Switzerland, the mid- 
die-upper Bathonian of the Friburg Alps (Hor- 
witz, 1939), to Austria, the Dogger of the Glarnish 
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Fig. 3. Middle Jurassic occurrences of Linguithyris and 
Nucleata, see discussion in text. 

and the Klaus and Vils Alps (Rothpletz, 1886: Rol- 
lier, 1918; B6se and Finkelstein, 1892); to Italy, the 
lower upper Dogger of Trentino, Garda Lake 
and Sette Comuni (Parona and Canavari, 1882: 
Jarre, 1962; Ferrari and Manara, 1972, etc.); to 
Czechoslovakia, the middle-upper Dogger of the 
Pieniny Klippen belt (Siblik, 1966), to Ukrania, the 
lower Bajocian-lower Bathonian of the Pieninian 
Carpathians (Tkhorzhevskij, 1989) and to Hun- 
gary, the Bajocian of the Bakony Forest (V6r6s, 
1984b). It extended westwards along northern 
Africa to Morocco Algeria-- the Aalenian or 
upper Toarcian of the eastern High Atlas (Dubar, 
1950), the Bathonian of the Oudjda region (Dareste 
de la Chavanne, 1930) and the Rhar Roubane horst 
(Ehni and Almaras, 1984)--and as far east as to 
Russian Transcaucasia, the lower Bajocian of 
Negram (Prozorovskaya, 1985). Besides, a similar 
nucleatid (Kubanithyris parvus Tkhorzhevskij 1989) 
has been described from the upper Bajocian of the 
northern Caucasus. 

Species of Nucleata have been recorded from the 
Callovian of Ardeche and Vendee in France (De 
Grossouvre, 1891; Rollier, 1918; Jarre, 1962), the 

Callovian of the Pieniny Mountains in Poland 
(Uhlig, 1881), the upper Bajocian/lower Callovian 
of the Yugoslavian Carpatho-Balkanids (Tkhorz- 
hevskij and Radulovicj, 1984), the Bathonian 
Callovian of the Ukranian Carpathians (Tkhorz- 
hevskij and Radulovicj, 1984: Tkhorzhevskij, 
1989), the upper Callovian of the Bulgarian Prebal- 
kans (Tchoumatchenco, 1978), and the middle 
upper Callovian of  Crimea (Kamyshan and Baba- 
nova, 1973; Tkhorzhevskij, 1989). 

The Late Jurassic 

Combined plottings of Nucleata (includes Vja- 
lovithyris) and Triangope are given in Fig. 4. For 
more detail in the Mediterranean areas see also 
Geyssant (1966) and V6r6s et al. (1988). 

The type species of Nucleata and a number of 
additional nominal species are found over a wider 
area in southern and eastern Europe. There are 
occurrences in the Oxfordian of Penha Longa, Alb- 
arraque and Albufeira, Portugal (Choffat, 1947: 
Marques and Rocha, 1981), as well as in the upper 
Oxfordian-Tithonian of the subbetic ranges, prov- 

Fig. 4. Late Jurassic occurences of Nuch'ata and Triangope. 
see discussion in text (arrow points to new record). 



198 M.O. MAN(?FNIDO 

inces of Cordoba, Sevilla and Alicante (O.F. 
Geyer. 1967; Sequeiros, 1977; Lillo Bevifi, 1977) 
and the Tithonian of Majorca (Geyssant, 1966), in 
southern Spain. Additional findings are known in 
Oxfordian, Kimmeridgian and Tithonian deposits 
of France and Switzerland: from Ardeche (Rollier, 
1918; Jarre, 1962; Geyssant, 1966), Causses (De 
Brun and Marcelin, 1934), Indre (Jarre, 1962), 
Provence (Rollier, 1918; Jarre, 1962), the Maritime 
Alps and Subalpine chains (Favre, 1875; Jarre, 
1962; Geyssant, 1966: Laurin, 1979), the Argovian 
Jura (Quenstedt, 1868- 71; Boullier, 1981), and the 
western and central Alps (Favre, 1876, 1877, 1880: 
Rollier, 1918; Blanchet, 1929; Jarre, 1962). Like- 
wise, in Oxfordian-Kimmeridgian beds of south- 
ern Germany and Austria, including well-known 
sites along the Swabian Bavarian ranges (Quen- 
stedt, 1856 1857, 1868- 1871; Rollier, 1918; Muir- 
Wood, 1965; Cooper, 1983, etc.) and in the eastern 
Alps, near Viena (Rollier, 1918; Geyssant, 1966). 

In Italy, several Kimmeridgian Tithonian local- 
ities of the southern Alps (Nicolis and Parona, 
1885; Dieni and Middlemiss, 1981), of the Central 
Apennines (Zittel, 1869, 1870) and of Sicily (Gem- 
mellaro, 1876) have yielded Nucleata (cf. also 
Geyssant, 1966). It is also known along Tithonian 
exposures of the Pieniny Klippen Belt, including 
classical places like Puchow and Stramberk in 
Czechoslovakia (Quenstedt, 1868-1871: Zittel, 
1870), Transcarpathia (Tkhorzhevskij, 1989) or 
Rogo2nyk, Czorstyn and Biala Woda in Poland 
(Zittel, 1870, Barczyk, 1972) and further Polish 
occurences, as old as lower Oxfordian, from the 
Holy Cross Mountains (Malinowska~ 1967; Barc- 
zyk, 1969), or from exotic blocks at Bachowice 
Woznicki (Ksia~kiewicz, 1956; V6r6s et al., 1988). 
This genus is further recorded from the Tithonian 
of the Transdanubian central range in Hungary 
(Geyssant, 1966; V6r6s et al., 1988), the Oxfor- 
dian-Tithonian of the Prebalkans of Bulgaria 
(Tchoumatchenco, 1978), the Oxfordian of the 
Ryazan region, Russian platform (Makridin, 1964) 
and the Oxfordian-Tithonian of the Caucasus 
(Moiseev, 1934; Makridin, 1964) and Crimea 
(Retowski, 1894). 

In Africa, various Late Jurassic Nucleata have 
been found, too: from upper Oxfordian lower 
Kimmeridgian limestones dredged from the Atlan- 

tic continental slope (Mazagan escarpment) off 
northwestern Morocco (Renz et al., 1975); as well 
as from outcrops, such as the Tithonian of Moyen 
Ouerrha, northern Morocco (Geyssant, 1966), the 
Oxfordian Kimmeridgian of the Tiaret area, Alge- 
ria (Tchoumatchenco, 1986), and even from the 
Malta of Harro-Rufa and Cabenaua, in the Ethio- 
pian region (Dacqu~, 1905; Basse, 1930). 

A significant extension farther east corresponds 
to the new record fi-om the Sula Islands herein 
preliminarily determined as Nucleata ex gr. bouei/ 
plamdata. 

On the other hand, Triangope is known mainly 
from the Tithonian (and seldom Kimmeridgian) of 
southern Spain and the Balearic Islands, the Lom- 
bardian and Venetian Alps, the central Apennines 
and Sicily, the Pieniny Mountains, the Transda- 
nubian central range, western Greece, northern 
Algeria and the Moroccan pre-Rif (Quenstedt, 
1868 1871 ; Zittel, 1869, 1870; Vigh, 1943; Jarre, 
1962; Geyssant, 1966; Geyssant and Mascle, 1970; 
Dieni and Middlemiss, 1981). 

The Early Cretaceous 

What has been said about the previous map also 
applies to Fig. 5 (which is appended for the sake of 
completeness). For more detail in the Mediterra- 
nean areas see also Geyssant (1966), Middlemiss 
(1973) and V6r6s et al. (1988). 

Under several specific names, the Cretaceous 
Nucleata have been reported from many European 
countries: the Lower Cretaceous of southern Spain, 
the Balearic Islands (Geyssant, 1966) to subbetic 
ranges (Middlemiss, 1973; Calzada, 1985); the Ber- 
riasian-Albian of southern France--Provence, 
Ardeche, lsere--(d'Orbigny, 1850; Jarre, 1962: 
Middlemiss, 1973); the Neocomian of the Swiss 
AIps (Jarre, 1962; Middlemiss, 1973); the lower 
Neocomian of the southern Alps (Geyssant, 1966; 
Dieni and Middlemiss, 1981) and the upper Albian 
of east-central Sardinia, Italy (Dieni et al., 1975); 
the Lower Cretaceous of northeast Moravia, 
Czechoslovakia (Nekvasilova, 1980); the Berria- 
sian of the Pieniny Mountains, Poland (Barczyk, 
1972); the Pieninian Carpathians, Ukrania 
(Tkhorzhevskij, 1989); the Lower Cretaceous of 
Bakony Forest, Hungary (Ffilop, 1964); the Neo- 
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comian from Brasso~, Romania (Jekelius, 1915): 
the Lower ('r~:taccous of the Prebalkans near the 
Bulgarian Yugoslavian border (Middlemiss, 
1973): and ttle Barremian of Crimea and tile 
Aptian of the Caucasus (Smirnova, 1972). 

North African records include: the Aptian 
Albian from the \vestcrn ttigh Atlas ot" Morocco 
(:\ger. 1974): the uppcr Albian near Bone, Algeria 
(l)ieni ,.'t al., 1975) and, the youngest Nuch, ata of 
all, from tile ('cnoI/lallian of Kcssera, central ]un i -  
sia (Pc\berries and ( 'alzada Badia. 19811. which 
alread3 belongs to tile Upper C,etaceous. 

But perhaps equally or more interesting Lower 
( re taccous  O C C t l r I ' c n c c s  ; .Ire those l'ron-i the C ~ . l l l [ a -  

brian z~rca of northern Spain (Middlemiss, 1~)73) 
and l'nml farther north up in the east coast of 
Grccnland (Owcn, 1976), which have been inter- 
preted as linked ,aith the opening of the Bay of 
Biscay and the North Atlantic (cf. Ager, 1971: Mid- 
dlemis,< 197_1,: Ager and Walley, 1977: Sand 5. 
19911. 

On the other hand, 7)iangope is represented in 
lhe Berriasian of the Balearic Islands, the Neocom- 
tan of the Subalpine chains, the lower Neocomian 

of the Lombardian,  Venetian and eastern Alps, the 
Valanginian of northeast Yugoslavia. and the Ber- 
riasian Barremian of Hungar? (Go/:anin, 1938: 
Jarre, 1962: Ffilop, 1964; Geyssant. 1966: Dicni 
and Middlemiss. 198 I. and references therein). 

hHplicalion,~ 

As pointed out byV/SrSsetal ,  i1988, pp. 71 73), 
7)nm,~Ol~e tand certain pygopines) aerc always 
restricted to the Apulian margin. ~\hereas olher. 
ratlncr gencralized, sulcate tor pcrforatc) forms 
(including Nt,'leata), st|ccessfullv in\adcd the 
northern margin of the Tethys in the Late Jt|rassic. 
Though all these forms have been traditionall 3 
regarded as deep-water, " 'Mediterra|lean", on the 
basis of their special morphology, it is possible that 
less ~,pecialized stocks (such as Nm/cala it>elf)ma> 
haxe been relatively more et | |ytopic (cf. tllso Vogel. 
1966, p. 434: Middlemiss. 1973. p. 1t7. 1984. p. 
168), thus able to afford greater spatial and tempo- 
ral ranges, than the mosl deri~ed ones. In this 
context, the fact that a illtlch spccializcd offshool 
like PhvmatoH~vri.v appears circumscribed to pert- 
Adriatic localities by the Earl\ Jura>sic already, 
ought not bc surprising but expected. 

Besides. the discovery of rcpresc||tatives of Li~- 

gtdt/~yri.v and ,\m'A'a:a as far ax~a\ lr(m~ the Medi- 
terranean as Ne\~ Zealand and Indonesia 
strengthens the '~iews of Nc,a Zealand colleagues, 
(c.g. Fleming, 1967: Grant-Mackic.  Iq85: Stcxen>. 
1990), ,:,ho have rightly rccogmzcd a manifest 
influx of other Tcthvan immigrant> in the south- 
\~cst Pacilic. alrcad> hv the late l.ia~, (upper I, ru- 
roan) and xer3 promincntl~ in the Maim 
(Hcterian Ohauan of thc local scale). 

Perhaps it is not without significancc that such 
" ' ~ . t l / o n l a l O L i S ' "  o c c t l l - r c n c c s  ~_llC roughly coincident 
,aith transgrebsive cxcnts that aflZ'ctcd cxtensi\c 
areas all oxcr the world Icf. Agcr. 19SI} ~.tnd,ol 
with x~cll-known peaks of global custalic curvc~ 
(el'. Haq ct al.. 1987; Stevens. !~90). It is quilt 
simple to cn\isagc that the rising of the ,;ca level 
towards global i l l a x i n l a ,  b \  ~l p r o c e s s  ~. l l l :AIogOllS [ ~  

"'overspilling". \'~ould hax c "'carried ~ ~x ~ ~ r'' thc~,c 
benthonic organisms, prcsumabl.', at larval stage. 
o \er  increasingly longer oceanic stretches. The nat- 
ural consequence COLIId  h a v e  b c c n  e i t h e r  a long- 
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term propagation over new areas without aban- 
donment of the original territory, i.e., prochoretic 
migration (sensu Termier and Termier, 1956), or a 
short-term invasion out of the original range via a 
transgressive episode, i.e. esbolic migration (sensu 
Termier and Termier, 1956). Though interpretation 
is admittedly difficult with the limited data at hand, 
perhaps the latter may be favoured since dispersal 
of this kind of sedentary marine animals with 
short-lived planktonic larvae is highly dependent 
on availability of appropriate bottom conditions 
suitable for settling, which may have served as 
"stepping stones". In the case of Mesozoic brachio- 
pods, it could be the result of a mechanism that 
has been called "sea-mount hopping" (Ager, 
1986b; V6r6s, 1987; V6r6s et al., 1988), which cer- 
tainly implies a filtering action, fit to explain the 
infrequency of similar findings. Other interesting 
aspects of how the spatial ranges of circalittoral (or 
deeper water) biota may be influenced by peculiari- 
ties of life style were pointed by Masse (1992, 
pp. 332-338). Thus the possibility that occurrences 
at higher palaeolatitudes may correspond to shal- 
lower depths has to be kept in mind, when analys- 
ing past distributions of sciaphilous, relatively 
stenothermal and rather eurybathic organisms. 

Such results can be also compared with the 
insightful analysis of biogeographical boundaries 
of the Wallacea region, based upon Jurassic marine 
bivalves, by Hayami (1984, 1987). With the proviso 
that "absence of evidence" is not necessarily equiv- 
alent to "evidence of absence", these new findings 
of nucleatids in New Zealand as well as in the Sula 
Islands, coupled with the lack of any records for 
the Jurassic of southeastern Asia (from Thailand, 
Viet-Nam, Borneo, the Philippines to Japan) are in 
agreement with Audley-Charles' (1981) line (being 
also compatible with Wallace's line), whilst being 
inconsistent with Weber's and Lydekker's lines (cf. 
Hayami, 1984, fig. 3, 1987, fig. 1). This may add a 
little supplementary support to the interpretation 
that both the Sula Islands and New Zealand 
belonged in the Jurassic to the margin of Gondwa- 
naland (cf. Audley-Charles, 1981; Metcalfe, 1991), 
and thus are presently located on the same side of 
the suturing between Eurasian and Australian con- 
tinental crust from opposite shores of the Tethys 
(however flexuous that line may nowadays be). 

Overview of the evolutionary history 

Bearing in mind the rather generalized dorsal 
muscle pattern of some Early Jurassic forms such 
as Linguithyris and Securithyris, it seems reason- 
able that the Nucleatidae in general, and the 
Nucleatinae in particular, probably represent--if 
not the stem group itself--at least a persistent lin- 
eage closely approaching the ancestral stock. 
Within this family, an early radiation apparently 
took place in Pliensbachian-Toarcian times. This 
is partly exemplified by the development of strong 
bilobation coupled with a receding dorsal median 
sinus (as in L. aspasia) or by the beak-like anterior 
protrusion of the linguiform extension (as in L. 
chrysilla) or by the increased gibbosity and loss of 
functional pedicle opening (as in Phymatothyris). 
Moreover, it is further manifested in the acquisi- 
tion of the conspicuous securiform (or "axiniform" 
or "triangulate") shape so typical of the various 
species of Securithyris (sometimes deltoid rectimar- 
ginate, sometimes with concave sides, sometimes- 
with ligation and even with incipient broad 
sulcation) which thus deserve to be segregated as a 
new subfamily (Securithyridinae). 

A much more conservative existence seems to 
have prevailed among the Nucleatinae throughout 
the Middle and well into the Upper Jurassic. In 
fact the only noticeable departure from the general- 
ized simple sulcate forms (in which the horse-shoe 
dorsal muscle pattern appears well established) 
being recorded within the Aalenian-early Kimmer- 
idgian interval, is the local modification of the 
"glossothyridoid" stage (Buckman, 1906) by 
intraplication of the anterior commissure (some- 
times so gentle to scarcely affect the relief of the 
fold and sulcus). The taxonomic importance of this 
feature, however, has been given quite dissimilar 
weight by different authors, being variously inter- 
preted as diagnostic for full-specific discrimination 
by some (Rollier, 1918; Tkhorzhevskij and Radu- 
lovicj, 1984; Tkhorzhevskij, 1989) or else merely 
regarded as intraspecific variation by others (Jarre, 
1962; Malinowska, 1967; Barczyk, 1969; Laurin, 
1979). 

The lineage experienced another sudden diversi- 
fication phase in late Kimmeridgian-early Tithon- 
ian times, with side effects discernible up to the 
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Barremian. This subsequent radiation near the Jur- 
assic Cretaceous boundary was more spectacular, 
giving rise to the well-known Pygopidae. They are 
here regarded as the former crown group, in which 
frontal widening was most notably achieved by 
deep bilobation ("bifidate" stage sensu Buckman, 
1906), eventually attaining the most peculiar condi- 
tion "with a keyhole in the middle" (i.e. "perfo- 
rate" stage sensu Buckman, 1906), as well as radial 
plication within the fold/sulcus system: an unmis- 
takable, very specialized morphological spectrum, 
characteristical of the Pygopinae in its strictest 
sense. 

In addition, the unusual deltoid to securiform 
shapes (triangulate and quadrangulate imperforate 
stages sensu Buckman 1906) were developed once 
again by the various species of Triangope. Since 
there is strong consensus (Ager, 1975, 1986a; Dieni 
and Middlemiss, 1981: V6r6s, 1983) that this was 
accomplished independently from the Early Juras- 
sic event and without the fanciful phylogenetical 
"~gradual closing up" of the central perforation by 
coalescence conceived by Buckman (1906) and 
reluctantly endorsed by Jarre (1962), here too, a 
new subfamily (Triangopinae) is required to acco- 
modate this iteratively derived offshoot. 

Both the mid-Liassic and end Jurassic radiations 
seem to have exploited an array of adaptive path- 
ways leading to efficient separation of inhalant 
from exhalant currents, expansion of mantle mar- 
ginal areas, most probably advantageous to cope 
with relatively weak-energy, suspended-nutrients- 
deficient (sometimes oxygen-poor) waters, as 
already pointed out by previous authors on the 
grounds of empirical observations, morpho- 
functional analyses, and/or taphonomical evidence 
(Ager, 1960, 1963, 1965, 1968: Vogel, 1966, 1986: 
Rudwick, 1970; V6r6s, 1986). Regarding Vogel's 
contention, it should be recalled that oxygen poor 
does no1 necessarily mean reducing conditions as 
in euxinic bottoms, grachiopods in general being 
regarded as "minimal organisms" (Thayer, 1981, 
pp. 117, 118) one could envisage natural selecting 
mechanisms acting upon certain lineages towards 
adaptation to combined effect of low oxygen levels 
and great depths, whereby increased hydrostatic 
ambient pressure may render respiration under 
very lou oxygen concentrations feasible. 

After that, only the mainstream "glossothyri- 
doid'" branch lingered on until the latest Albian 
(last records of members of the genus Nucleata, 
then known) and the classical version of the story 
likewise used to end at this point, their (virtual) 
extinction being blamed on adverse effects of wide- 
spread black, bituminous and sulphurous deposits, 
linked with the opening of the South Atlantic, 
towards the end of Early Cretaceous times (Ager, 
1981, p. 162). It is now evident that the youngest 
species (N. hurolleti) managed to reach the Late 
Cretaceous (Cemomanian) in central Tunisia 
(Peybern6s and Calzada, 1981), at a time when the 
Discoliid Moraviaturia diphimorpha (Stol.) was pre- 
sent in southern India. From the Maastrichian of 
north- and southwest Turkmenistan, a new genus 
Bolgarithyris has been recognized by Titova (1986, 
1992) who ascribed it to the Nucleatidae: aherna- 
tively, it could be interpreted either as the youngest 
Triangopinac or perhaps as an early Discoliinae 
already. 

Anyway, with the fairly recent removal of 7)'i- 
~gonithyris to its own family by Radulovic (1986), 
the Discoliidae would thus have a chronological 
span from the Late Cretaceous to Recent, its nomi- 
notypic subfamily being centred around Discolia, 
probably Moraviaturia and almost certainly [4~zisi- 
uthyrina, too. To them, Cooper (1983) has added 
Xenohrochus, an extant genus attributed to the Dis- 
coliinae, as well as the newly erected subfamily 
Aenigmathyridinae containing half a dozen exclu- 
sively Cenozoic (Paleocene to Recent) genera. 

It is of little relevance whether they have always 
inhabited deep waters (cf. Vogel, 1966) or both 
deep and shallow but very calm waters Icf. Ager, 
1965: Ager and Walley, 1977) and only became 
confined to abyssal depths by the end of the Meso- 
zoic era (objections to strict bathymetric control 
were raised by V6ras, 1975, 1986). The attractively 
persuading observation is that one may now start 
viewing the adaptive morphological developments 
achieved by these families as the reflection of a 
genetic link of some sort, rather than as the capri- 
cious result of deceptive homoeomorphy (of. also 
VarSs, 1983). In such case, no matter thal someone 
might find "'pygopacean'" or "'nucleatacean- pref- 
erable on the grounds of euphony or tradition, by 
virtue of the Coordinate Categories and Priority 
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nomenclatural principles, Discoliacea is the name 
to be adopted for a superfamily embracing them 
all. Perhaps this choice has an advantage anyway, 
for availability of an extant type genus renders it 
amenable to independent testing from other mod- 
ern avenues of research (shell ultrastructure, bio- 
chemical/molecular analysis) in relation to other 
living taxa. Moreover, it might be tempting for 
someone to attempt tracing back an even more 
simplified evolutionary pattern, with a very early 
dichotomy, linking all deltoid-securiform subfamil- 
ies in one branch, whilst grouping the sulcate (plus 
perforate) subfamilies in another. Yet, because 
important gaps of key evidence still have to be filled 
in, it seemed advisable at this stage to adopt the 
more prudent approach discussed in this section 
and summarized in the Appendix. 

Conclusions 

(a) Among the Nucleatidae, a remarkable taxon 
of the Tethyan Mesozoic, conservative stocks close 
to the stem group appear to have attained the wid- 
est geographical distribution and longest chrono- 
logical endurance. This may also apply to the 
Pygopidae, mutatis mutandi. 

(b) Occurrence of representatives of this typical 
"Mediterranean" family as far east as New 
Zealand and the Sula Islands denote the influence 
of successive "waves" of Tethyan immigrants in 
the soutwest Pacific, at various times during the 
Jurassic, corroborating opinions expressed by pre- 
vious authors on other grounds. 

(c) The approximate coincidence of such occur- 
rences with transgressive events that affected wide 
areas of  the world and with well-known peaks of 
global eustatic curves may be in itself meaningful. 
Maxima of sea-level rising, may have favoured lar- 
val stages of these benthonic organisms to be car- 
ried farther away over the ocean, thus resulting in 
the detected esbolic migration, albeit attenuated by 
the filtering effect of the "sea-mount-hopping" 
mechanism probably involved. 

(d) These results may be taken to imply that, due 
to former location on the margin of Gondwana- 
land, both New Zealand and the Sula Islands are 
now placed on the same side of the winding sutur- 
ing line between opposite shores of the Tethys. 

(e) Analysis of adductor muscle scars patterns 
may provide important clues for revealing taxo- 
nomic relationships of  the Nucleatidae, Pygopidae 
and Discoliidae to a greater degree than previously 
acknowledged: a superfamily Discoliacea is newly 
ranked to accomodate the three of them, and the 
genus Phymatothyris is removed from an incertae 
sedis placement and transferred to the Nucleatinae. 
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Sbfam. Sccurithyridinae Inov.l ([,v~ .11 
Toarcian?) 

Securilhvri.~ V6r6s, 1983 (Plicnsbachian) 

( Pliensbachian 

Sp./Wn. T E R E B R 4 T t ' I . A C E A  Gray, /840 I'Fr Rc) 

Appendix 1--Outl ine of classification referred to in 
text 

.5-1?/Um. DI.';COLIAE'EA Fischer et Oehlcrt, 1891 (Tr'?: J -Rc)  
(nora. tram,, herein[ 

k}ml. I)I.S( OI,IID.  t E Fis'cher ct Ochlcrt, 1b¢91 (up K?: T; 
R I  ) i ( 'dl lOl l Idl l iCl l l ."  R C ( ' ~ ' I l l  , 

Sbfam. Discoli inae Fischer et Oehlert, 1891 (Lip K Re) 
In.trans. (k~oper. 19831 

I)iscvlia Fischer ct Oehlcrt, 1890 (Plioccnc Recent) 
(;oniohr,~clms Cooper. 1983 (Recent) 
II ifi,~iul/rl'rimt Beets. 1943 (TI) ( Upper Pliocene or Upp Oli- 
goethe) 
,~h*raviaturia Sahni. 196t) (Up K) (Cenomanian) 

Sbfam. A~:nigmathyridilme Cooper, 1983 (Tt-Rc)  (Paleoccnc 
Rccenl ) 

, len~Vmat/n'ri.s' ( 'oopcr.  1971 (Eocene) 
Ihvsw~tllyris Thomson.  1927 (Miocene Recent) 

Vumd~r,chu,s Cooper. 1981 (Recent) 
.Icruhcl,'sm Cooper, 1983 (Recent) 
( erami,ia ( 'oopel ,  1983 (Piiocene) 
l'?lkwHtlri* Asgaard, 1971 (Paleocenc)(Danian) 

I-~mt. P Y t i (HqDA I:" Mmr- H . . d ,  1965 (Jm'a~sic ('rctaccvu,~) 
/emcmt. Dieni c; al ,  1975/ 

S b l a m  P'.,gopmae Muir-Wood. 1965 (Upper ,lurassic Lower 
( 'rctaccous) [n. hans .  Dieni ct :.d.. 1975] 

t'l,Vvpc Link, 1830 ([!ppcr Kimmeridgian Barremian) 
{4nimotma) Cat ullo, 1851 (Tithonian Valangmian?) 
pv~zltev Bucknlan, 1906 IIIpper T i thonian-Lower  Bar- 
r g n l l U l l  t 

Sblam. f r iangopinac[nov .J (J  K) 
70"rank, opt Dieni ct Middlemiss. 1981 (t ip Kimmdg'? Lw 
I ' i thonian Lw Barrenaian) 
l]o/,~,,ariHl.l'ri~ Titova. 1986 ( Up K) (Maastrichtian) 

Fanl. N~ 'CI,E.4 TIDA E Schuchert m .Skhuchert el l,e Veto,, 1929 
7).?:  ,I K) [llom.lrans. Kamv#um el Bahanova. 1973/ 

Sbfam. Nucteatinae Schuchert m Schucherl et ke Vene, 1929 
(Tr?:Lw I U p K t  

Ylu/vataOucnstedl ,  1868 1871 (Md J Up K)(Bathonian?  
Cenomanian)  
I - (ilo~sothvris Douville. 18791 
( Vjatm ifll.rri.~) Tkhorzhevskij,  1989 (Tithonian-Berriasian) 
Lin,wa,'lu'rl~' Buckman, 1918 ( k w - M d  J) (Sinemurian 
Balhonian} 
( Kuha,  ilhyrLv) Tkhorzhevskij,  1989 (Bajocian) 
Phvm,'toltlvri,~ Cooper et Muir-Wood. 1951 (Lw J) (Pliens- 
bach i:.2 n foa rcia n ) 
[ Pal/a.qclla P, enz. 19~2 non Sars 1895] 

Faro. T E R E B R A  TUL1DA E Gray. 1840 (Tr Re) 
Sbl'am. Nerthebrochinae Cooper, 1983 (J K) 
Sardop<, Dieni et Middlemiss, 1975 / k\`' K ) 

Sbfam Aniabrochinac [nov. nora. pro PlaDthyridinae Dieni et 
Middlcmiss, 1975] 

Amahrochus Cooper, 1983 (Lw K) 
[-Pht tv thyr i~ Middlemiss, 1950 non Grote c1 Robinson, 
I sgv] 

f}ml. I E G (  LIT II Y R IDIDA  E Ahar-wood, 1965 , ,1 ,' 
7i,,.,ulitln'ri~ Buckman. 1918 ( Md .I) 

Faro. DI ( 'T IO  1"tt Y R IDIDA  E A,lakrMm. 1964 '.1 ' 
l)ic/volllvri~ Douxilk}. 1879 

Fat*l. FRIGO,,\ 'ITH Y R IDIDA  E Radulovl~, 19,'~4 ,',1. 
lriv, onithvrls Muir-Wood. 1935 (.1) 
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