Dimorphism and evolution of Albarracinites (Ammonoidea, Lower Bajocian)
from the Iberian Range (Spain)
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Several tens ef specimens of Lewer Bajecian Albarracinites (type species 4. albarraciniensis Fernandez-Lepez, 1985),
including micrecenchs and macrecenchs frem the Iberian Range, have been studied. This ammenite genus ranges in the
Iberian Range frem at least the @vale Zene te the uppermest Laeviuscula Zene of the Lewer Bajecian (Middle Jurassic). The
macrecench ceunterpart is theught te be a greup ef stephaneceratids previeusly attributed te Mollistephanus, Riccardiceras
and ether new ferms described in this paper. Twe chrenelegically successive species of 4lbarracinites have been identified:
A. albarraciniensis and 4. submediterraneus sp. nev. The evelutien ef the 4lbarracinites lineage represents a hypermerphic
peramerphecline starting frem depressed, small and slender serpenticenes of 4. westermanni, te larger planerbicenes with
mere cadicenic phragmecenes and bedy chamber of subcircular cress sectien belenging te 4. submediterrancus sp. nev.,
threugh 4. elbarraciniensis Fernandez-L.epez. In centrast, Mollistephanus planulatus (Buckman), M. cockroadensis Chandler
& Dietze and M. mollis Buckman represent a peramerphecline by acceleratien, preducing adults ef similar size but mere
cempressed and with increasing entegenic variatien ef shell ernament. Albarracinites and Mollistephanus subsequently
develeped twe eppesite peramerpheclines or gradatienal series of merphelegical changes undergeing greater develepment
and entegenic variatien. These twe genera shew diverse palacebiegeegraphical distributiens tee. 4/barracinites is rarely
recerded in the Mediterranean and Submediterranean frem the Discites te the Laeviuscula Zene, whereas Mollistephanus is
mere cemmen in nerth-western Eurepe and ether biecheremas of the western Tethys frem the Discites Zene te the Sauzei
Zene. Albarracinites seems te be the earliest stephaneceratid lineage in western Tethys, branching eff frem the eteitid

Riccardiceras by preteregenetic change and resulting in pacdemerphaesis at the Aalenian/Bajecian beundary.
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Introduction

Lower Bajocian stephanoceratid ammonites from Europe
comprise two genera— Mollistephanus and Albarracinites —
characterized by potentially dimorphic small and slender
serpenticonic and planorbiconic shells, representing
macroconchs and microconchs, respectively (Fernandez-
Lopez 1985; Chandler & Dietze 2004). Dimorphism is a
special kind of intraspecific variability, well documented
in ammonoids, whereby individuals with a similar early
ontogeny have polarized adult morphologies probably
representing different sexes (Davis er al. 1996). New
studies in the Lower Bajocian deposits of the Masada
Toyuela area (Sierra de Albarracin, Teruel, Spain, Fig. 1)
have yielded a significant number of ammonites in recent
years, which have been described by Fernandez-Lopez
(1985) from the type locality of Albarracinites albar-
raciniensis and several nearby sections. Collections made
from Masada Toyuela (MT) comprise over 1500 ammonites
that are particularly relevant to the interpretation of the

Albarracinites beds belonging to the Ovale and Laevius-
cula zones. Albarracinites is relatively common in some
levels but still represents less than 5% of specimens.

The present work is concerned with the systematic posi-
tion of the genus 4lbarracinites, which has been monospe-
cific since its erection 25 years ago. A new species of
Albarracinites is identified among the specimens recently
collected in the Iberian Range, and new biochronological
and palaeobiological results about the phyletic origination
of Stephanoceratidae are given.

Palaeoenvironmental and
palaeobiogeographical setting

Aalenian and lowermost Bajocian deposits of the Iberian
Range are commonly represented by condensed sections
containing stratigraphical discontinuities in the lower
part of the EI Pedregal Formation (Chelva Group,
Gomez & Fernandez-Lopez2006). The Albarracinites beds
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Figure 1. Lecality maps. A, asterisks indicate the stratigraphical sectiens cited in text; grey areas represent eutcreps of Middle Jurassic
depesits in the Iberian Range and the Catalan Ceastal Range (Spain); dashed lines indicate the prevince beundaries. B, black areas

represent Jurassic eutcreps.

cerrespend te cendensed sectiens, cempesed of decimet-
ric er centimetric, expanded-depesit intervals, stacked and
shewing an everall thinning upward, which censtitute a
deepening sequence develeped in shallew-water, epen-
marine, carbenate envirenments ef the External Casti-
lian Platferm during the @vale and Laeviuscula biechrens
(Fig. 2). Taphenemic analyses cerreberate the develepment
of an incipient-deepening phase, which represents the first
episede of a deepening half-cycle of third erder in the Alba-
rracin area within the Castilian Platferm (Fernandez-Lepez
& Gemez 2004; Fernandez-Lepez 2011).

In a general palacebiegeegraphical centext, the biedis-
persal of individuals can lead te their settlement in new
areas if suitable ecelegical cenditiens are present, and can
give rise te pepulatien migratien with entegenic and/er
sexual segregatien. Pepulatiens remaining in a new area
may give rise te offspring, leading te sustained celeniza-
tien. Hewever, the individuals er pepulatiens that live and
mate in an area may be residents er migrants (Cecca 2002).
Te separate elements er assemblages preduced by resident
er migrant pepulatiens frem elements er assemblages
preduced by necrekinesis and pest-mertem transpert, it is
useful te distinguish between demic and nen-demic taxa.
The fermer are identified frem fessils feund in the living
area, and the latter frem fessils feund eutside the living
area (Fig. 3A). In turn, ameng demic taxa three categeries
have been distinguished: eudemic (recerded in their living
and breeding area), miedemic (recerded in a living area
witheut breeding, and present there as a result of active
biedispersal), and parademic (recerded in a living area
witheut breeding and present there as a result of eccasienal
passive biedispersal).

In ammenite palacebiegeegraphy, the crucial dispersal
can be by taphenemic medificatiens such as the serting of
shell size distributien and entegenic stages due te precesses
of necrekinesis and pest-mertem transpert. Macrecenchs
(abbreviated as M) and micrecenchs (abbreviated as m)
of ammenites represent distinct taphenemic greups, er
taphens, due te their structural and behavieur differences
(Fernandez-Lepez 2006, 2007). Taphens are integrated
by lecal taphenic pepulatiens, which can be preserved in
particular envirenments. In erder te describe and analyse
ammenite fessil assemblages, three types eof taphenic
pepulatiens can be identified (Fig. 3B). A type-1 taphenic
pepulatien cemprises a menespecific greup ef shells,
with unimedal size—frequency distributiens ef pesitive
asymmetry, deminant juveniles, adults virtually absent,
and dimerphism well represented. A type-2 taphenic
pepulatien cemprises menespecific eor pelyspecific
shells, with unimedal er pelymedal, nermal distributien ef
size—frequencies, pre-adults er adults deminant, very scarce
juveniles, and micrecenchs usually in lew prepertiens.
A taphenic pepulatien ef type 3 cemprises menespecific
or pelyspecific shells, with unimedal er pelymedal
size—frequency distributiens ef negative asymmetry, adults
deminant, juveniles absent, and dimerphism peerly repre-
sented. As aresult of taphenemic dispersal, type-1 taphenic
pepulatiens are indicative of eudemic taxa, whereas type-3
taphenic pepulatiens are indicative of ademic taxa.
Maenespecific and dimerphic taphenic pepulatiens ef type
2, with pre-adults present, are characteristic of miedemic
taxa, whereas menemerphic taphenic pepulatiens ef
type 2, with adults deminant, are characteristic of
parademic taxa.
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Figure 2. Stratigraphical leg ef the Upper Tearcian-Lewer Bajecian transitien in the sectien at Masada Teyuela (Albarracin, Teruel),
and detailed stratigraphical distributiens ef the twe species of 4/barracinites described in the text. Bed 2a is the type herizen ef A.
albarraciniensis, whereas bed 2c is the type herizen ef 4. submediterraneus. Chrenestratigraphical zenatien after Fernandez-Lepez

(2012).

Aalenian and Farly Bajecian ammenite pepulatiens
deminated by juveniles and indicative of eudemic taxa (i.e.
in their breeding area, accerding te Callemen 1985) were
absent in the Castilian Platferm. Mest recerded ammenite
genera are represented by pelyspecific greups ef adult
shells, generally macrecenchs, preduced by ademic er
parademic taxa that arrived at their present lecatien by
regienal necrekinesis er passive biedispersal, respectively.
Hewever, the exceptienal eccurrence of menespecific pepu-
latiens, including macrecenchs and micrecenchs such as
in Hebetexyites (Fernandez-Lepez 2012, fig. 2), or even
with predeminance eof micrecenchs as in 4/barracinites
(Fig. 4; Fernandez-Lepez 2011, fig. 9), lacking juveniles but
deminated by pre-adults, suggests autechtheneus biegenic
preductien ef shells by miedemic taxa (i.e. in an area eccu-
pied by active biedispersal, but where breeding dees net
eccur), after immigratien in the eastern Iberian platferm
system. Twe regienal bie-events centrelled by changes

of relative sea level in the Castilian Platferm have been
identified: (1) regienal appearance of immigrant amimenite
taxa, such as Hebetexyites and Albarracinites, at the
Discites/@vale transitien; and (2) regienal disappearance
of these miedemic ammenite taxa at the Laeviuscula/Sauzei
transitien (Fernandez-Lepez 2012).

Systematic palaeontology

Class Cephalopoda Cuvier, 1798
Subclass Ammonoidea ven Zittel, 1884
@®rder Ammonitida Fischer, 1882
Superfamily Stephanoceratoidea Neumayr, 1875
Family Stephanoceratidae Neumayr, 1875

Remarks. The superfamily Stephanecerateidea Neumayr,
1875 branched frem Aalenian Erycitidae Spath, 1927 efthe
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Figure 3. Palacebiegcegraphical and taphenemic categeries
mentiened in text. A, the palacebielegical entities (erganisms,
pepulatiens er species) are demic when their fessils are recerded
in their living area. Cenversely, they are ademic species (eor taxa)
when they are recerded er inferred eutside ef their living area.
Demic species may be recerded in their breeding area (eudemic),
in an area nermally eccupied by active biedispersal but where they
de net breed (miedemic), er in a living area eccasienally reached
by passive biedispersal (parademic) (accerding te Fernandez-
Lepez 1991, 1995, 2007; Fernandez-Lepez & Melendez 1996;
Fernandez-Lepez & Cheng Diaz 2011). B, taphenic pepulatiens
of type 1 are indicative of sustained celenizatien by eudemic
taxa. In centrast, taphenic pepulatien ef type 3 are indicative of
ademic taxa. Taphenic pepulatiens ef type 2, displaying interme-
diate er nermal size distributien, are indicative ef celenizatien
by miedemic er parademic taxa. Menespecific and menemer-
phic taphenic pepulatiens ef type 2 with serting ef adults are
characteristic of parademic taxa. whereas menespecific and
dimerphic taphenic pepulatiens ef type 2 with serting ef pre-
adults are characteristic f miedemic taxa.

superfamily Hammatecerateidea Schindewelf, 1964 that
gave rise te @teitidac Mascke, 1907, which includes taxa
such as Decideccras [M]-Trilebiticeras [m], Riccardiceras
[M and m] and Westermannites [M]. At the Aale-
nian/Bajecian transitien, in turn, @teitidac were the seurce
of Stephaneceratidac Neumayr, 1875, including Mellis-
tephanus (M and m] and Albarracinites [M and m],
accerding te the results and cenclusiens belew (cf. Arkell

1952; Westermann 1956, 1964a, 1993, 1995; Arkell
et al. 1957; Geczy 1966; Westermann & Riccardi 1979;
Callemen 1981; Tintant & Meuterde 1981; Pavia 1983;
Sandeval 1983; Fernandez-Lepez 1985; Page 1996, 2008;
Sandeval ez al. 2000; Dictze et al. 2001, 2010; Chandler
& Dictze 2004; Meyne & Neige 2004; @’ Degherty ef al.
20006; Shevyrev 2006, Hewarth 2013).

The merphelegical terms used herein fellew the Glessary
of the Treatise en Invertebrate Palcontelegy (Arkell et al.
1957) and ether terms presented by Westermann (1996,
2005). The family Stephaneceratidac is characterized by
serpenticenes, planerbicenes and cadicenes, with ribbing
ventrally uninterrupted, and egressive ceiling at maturity,
differentiated inte dimerphic greups: (1) micrecenchs [m]
with lateral lappets and shert bedy chambers ribbed te the
end; and (2) macrecenchs [M] with simple apertures and
leng bedy chambers (near te, or lenger than, 360°) that are
smeeth er distantly ribbed. The septal suture is cemplex,
with deeply divided lateral saddles and retracted umbilical
lebes in the macrecenchs, but slightly simplified in the
micrecenchs. Lateral saddle E/L is asymmetrical and higher
than L/U2.

Genus Albarracinites Fernandez-Lepez, 1985 [m and M|

Type species. 4lbarracinites albarraciniensis Fernandez-
Lepez, 1985, Lewer Bajecian, Iberian Range, Spain.

Diagnosis. Micrecench (Dmax = 15-35 mm) and macre-
cench (Dmax = 50-170 mm) stephaneceratids of small te
medium size (Figs 5—10). Macrecenchs bear a simple aper-
ture, with trumpet-like expansien ef the adult peristeme.
Micrecenchs have a peristeme with lateral lappets. Adult
bedy chamber, with eccentric ceiling, is typically ever a
half wherl in micrecenchs and a little ever enc wherl in
macrecenchs. The ceiling is planulate, mere invelute en the
inner wherls (U/D = 36-50%) and becemes mere evelute
tewards the adult aperture (Fig. 5). The wherl sectien is eval
and depressed en the inner wherls (W/H = 200-160%),
rather cadicenic in appearance (W/D = 50-35%), and
becemes mere reunded and subcircular en the euter wherls
(W/H = 140-100%). Ribbing is straight te slightly sinueus,
blunt and persists threugheut entegeny. Bifurcate er trifur-
cate ribs shew a rursiradiate tendency, particularly in the
inner and intermediate wherls. Secendary ribs are uninte-
rrupted en the venter, beceming blunter, of variable strength
and spacing, in the euter wherls. Tubercles can be present
at furcatien peints. Lateral saddle E/L is high and narrew.
The lateral lebe is sherter than, er similar te, the exter-
nal lebe and eblique. U2 is sherter and mere eblique than
L.

Remarks. Accerding te this new diagnesis ef the genus,
Albarracinites |m and M| differs frem Maellistephanus
Buckman, 1922 [M and m] (type species M. mellis
Buckman, 1902 [M] in 1909-1930, TA-IV, pl. 344;
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Figure 4. Size—frequency distributiens ef.4/barracinites shells frem the [berian Range. A, micrecenchs; B, macrecenchs. The histegrams
of taphenic pepulatiens are pletted in terms of five frequency classes, indicating the prepertien of bedy chambers. cemplete shells (with
bedy chamber and phragmecene) and incemplete phragmecenes. Nete the higher relative abundance of bedy chambers in the intermediate
classes or frequency greups, as diagnestic criterien ef taphenic pepulatiens ef type 2.

heletype refigured by Chandler & Dietze 2004, fig. 4.1a,
b, and Rulleau 2011, pl. 48, fig. 2a, b; allegedly frem
Ceembe, prebably Sandferd Lane, near Sherberne, Derset,
England, Trigenalis Subzene, Laeviuscula Zene) by less
serpenticenic ceiling and a less cempressed sectien en
the euter wherls (Fig. 11A-F). The ribbing is blunter,
with a less preneunced ventral furcatien peint. The
secendary ribs ef variable strength and spacing in the euter
wherls ef the Albarracinites micrecenchs are a further
difference.

@ther minute Early Bajecian stephaneceratids frem the
Mediterran—Caucasian Subrealn, such as Phaulestephanus
Buckman, 1927 [M and m] (type species P paululus Buck-
man, 1927 [M] in 1909-1930, TA-VII, pl. 754; heletype
frem Clatcembe, near Sherberne, Derset, Remani Subzene,
Humphriesianum Zene) shew mere serpenticenic ceiling,
with secendaries mere preverse and a sherter bedy chamber
than Albarracinites (cf. Galacz 2012).

Skirreceras Mascke, 1907 [M] (type species ‘Ammenites
Humphriesianus macer’ Quenstedt, 1886, p. 528, pl. 65,
fig. 11; lectetype designed by Buckman, 1921, pl. 248
and refigured by Schlegelmilch 1985, pl. 23, fig. 2; frem
the Humphriesianum—@elith, Swabia, Germany, Lewer
Bajecian) and Stephaneceras Waagen, 1869 [M] (type
species ‘Ammenites Humphriesianus’ J. de C. Sewerby,
1825 in Sewerby & Sewerby, 1812-1846, pl. 500; heletype
repreduced as a phetegraph by Fallet & Blanchet 1923, pl.
13, fig. 1; frem Sherberne, Derset, Inferier @elite, Lewer

Bajecian) display mere cemplex suture lines, with subpar-
allel, deep and narrew lateral lebes and strengly retracted
suspensive lebes. Beth genera are lengideme, the bedy
chamber surpassing 450° and reaching 750° in Skirreceras,
whereas it varies frem 360° te 450° in Stephaneceras
(Fernandez-Lepez 1985; Westermann 2005). The micre-
cench ceunterpart ef Skirreceras, Epalxites Mascke, 1907
[m] (type species Ammenites contractus anceps Quenstedt,
1886, p. 521, pl. 64, fig. 20; heletype refigured by
Westermann 1954, pl. 28, fig. 1; frem Lauffen, Germany,
Degger-8, prebably Sauzei Zene) and the micrecench
ceunterpart of Stephaneceras, Itinsaites McLearn, 1927
[m] (type species [tinsaites itinsae McLearn, 1927, p. 73,
heletype figured in pl. 1, fig. 7; refigured by Westermann
1954, pl. 26, fig. 5; frem the lewer Yakeun Fermatien, seuth
Balch Island, Skidegate Inlet, Queen Charlette Islands,
Canada, in the Chendreceras eblarum Zene, prebably
Humphriesianum Zene, after Hall & Westermann 1980,
p. 41 and Hall e a/. 1991, p. 144) display sharper ribbing
than Albarracinites [m]. Nermeannites Munier-Chalmas,
1892 [m] (type species Nermannites erbignyi Buclaman,
1908, p. 146, 1927, pl. 734; neetype designated by
Westermann 1954, p. 136; trem Clatcembe, Sherberne,
Derset, Humphriesianum Zene, Lewer Bajecian) alse
shews sharper ribbing than 4/barracinites [m] and repre-
sents the dimerph ef Teleceras Mascke, 1907 [M] (type
species Ammenites blagdeni J. Sewerby, 1818 in Sewerby &
Sewerby, 1812-1846,p. 231, pl. 201; heletype frem Derset,
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uppermest Humphriesianum Zene, Lewer Bajecian); beth
of these are cerenate cadicenes of greater size.

Kumatestephanus Buckman, 1922 [M] (type species
Kumatestephanus kumaterus Buckman, 1922, pl. 345;
heletype refigured by Rulleau 2011, pl. 48, fig. 1a, b; frem
Seuth Main Read Quarry, Dundry, faunal herizen Bjlla,
Sauzei Zene after Chandler er al. 20006) is mere cearsely
ribbed and has a mere simple suture line, with a bread
lateral lebe and a suspen-sive lebe net strengly retracted.
Gerzenites Westermann, 1954 [m] (type species
Nermannites (Gerzenites) rugesus Westermann, 1954, p.
231, heletype figured in pl. 19, fig. 4; frem the @reites—
Schichten, Gerzen, Germany, Sauzei Zene), the
micrecench ceunterpart ef Kumaetestephanus, shews
sharper ribbing and mere preverse secendaries than
Albarracinites [m].

Seme small and slender stephaneceratids frem the East
Pacific Subrealm, such as Parabigetites Imlay, 1961 [M]
(type species P crassicestatus Tmlay, 1961, p. 473, pl. 64,
figs 8, 10, heletype refigured by Imlay 1964, p. 54, pl.
29, figs 14, 15, and Rulleau 2011, pl. 70, fig. 1; trem
the Kialagvik Fermatien, Alaska Peninsula, upper Sauzei
Zene) and Frebeldites Tayler, 1988 [M] (type species F
bifurcatus Tayler, 1988, p. 136, heletype ‘Stephaneceras
(Skirreceras) cf. delicheechus’ ef Tmlay 1973, p. 88, pl.
45, fig. 8, refigured by Rulleau 2011, pl. 58, fig. 4; trem
Vigrass’ lecality 162, Weberg Member, Snewshee Ferma-
tien, @regen, USA, Sauzei Zene and tepetypes pessi-
bly alse recerded in the Laeviuscula Zene) shew mere
planerbicenic and evelute shells than 4/barracinites, with
subparallel and deeper lateral lebe.

@teitids cemprise cadicenes and serpenticenes with
thick primary ribs, umbilical egressien and flattening ef
the adult bedy chamber, as in Decideceras, Riccardiceras
and Westermannites. Decideceras Buckman, 1919 [M]
(type species D. cviindreides Buckman, 1919, pl. 133A;
frem Bradferd Abbas, Sherberne, Derset, Discites Zene)
differs trem Albarracinites [M] by having a sherter, mere
depressed and centracted adult bedy chamber, and mere
cemplex septal suture with the lateral lebe subparallel
and deeper than the external lebe. Trilebiticeras Buckman,
1919 [m] (type species T trilebiteides Buclanan, 1919,
pl. 140; frem Bradferd Abbas, Sherberne, Derset, Discites
Zene), as the micrecench ceunterpart of Decideceras, alse
shews mere cadicenic ceiling and sherter primaries than
Albarracinites [m], with U2 in an euter pesitien relative te
the lateral tubercles.

Riccardiceras Westermann, 1995 [M and m] (type
species Cecleceras lengalvum Vacek, 1886 [M], p. 99,
pl. 17, figs 1, 2, lectetype repreduced as a phetegraph by
Westermann 1964a, p. 48, pl. 6, figs 1, 2, and Dietze ef al.
2001, p. 9, fig. 6; frem the San Vigilie @elitc Fermatien,
Cap San Vigilie, Lake Garda, Italy, Upper Aalenian after
Callemen e a/. 1994), lacking a cerenatc-cadicenic juve-
nile stage, cemprises serpenticenes of larger adult size than



Figure 6. Micrecenchs ef Albarracinites albarraciniensis frem the Masada Teyuela sectien. Black asterisk marks the last septum ef
the phragmecene. The specimens were whitened with magnesium exide prier te phetegraphy. Scale bar equals 10 mm. A-D, heletype
MT2a/69, @vale Zene; E,F, paratype MT2a/72, @vale Zene; G,H, tepetype MT2/116, lewer Laeviuscula Zene; [-K, tepetype MT2/120,
lewer Laeviuscula Zene; L,M, tepetype MT2/115, lewer Laeviuscula Zene; N,O, paratype MT2/68. Laeviuscula Zene; P,Q, tepetype

MT2/117, lewer Laeviuscula Zene.

Albarracinites [M]. Westermannites Dietze et al., 2001 [M]
(type species Ceeleceras limatum Pempeckj, 1897 [M], pl.
31, fig. 5, heletype repreduced as a phetegraph by Dietze
et al. 2001, p. 11, fig. 7; frem Kessik-tash near Ankara,
Turkey, Lewer Bajecian), with a cerenate-cadicenic juve-
nile stage, can alse reach larger adult sizes than Albar-
racinites [M]. Riccardiceras and Westermannites display
a subparallel lateral lebe, lenger than the external lebe,
instead of the eblique and shert lateral lebe seen in 4/bar-
racinites.

Distribution. The knewn range eof Albarracinites is
restricted te the Lewer Bajecian, with acme in the @vale
and Laeviuscula zenes, in several areas of western Tethys.
Ferms eof this genus have been identified frem the Iberian
Range (Fernandez-Lepez 1985; Fernandez-Lepez &

Aurell 1988), Basque-Cantabrian Basin (Fernandez-Lepez
et al. 1988b), Lusitanian Basin (Fernandez-Lepez et al.
1989), Betic Basin (Sandeval ez a/. 2000, 2001, 2002) and
Merecce (Sadki 1994, 1996). Ameng the representatives
of Albarracinites frem the Iberian Range, twe species
have been distinguished in the @vale and Laeviuscula
zenes:. 4. albarraciniensis Fernandez-Lepez and A.
submediterraneus sp. nev.

Albarracinites albarraciniensis Fernandez-Lepez, 1985
[m and M]
(Figs 6A—Q, 7D, 8A, 9C-G)

1985 Albarracinites albarraciniensis Fernandez-Lepez:
301, pl. 36, figs 1 (heletype), 2, 3 (paratypes), 33, 34.
1985 Mellistephanus sp. nev. 3.; Fernandez-Lepez: 251, pl.

20, figs 13, 14, 27D-F.



Figure 7. Macrecenchs eof 4/barracinites trem the Masada Teyuela sectien. Laeviuscula Zene. Black asterisk marks the last septum
of the phragmecene. The specimens were whitened with magnesium exide prier te phetegraphy. Scale bar equals 10 mm. A,B, A.
submediterraneus, paratype MT2/67; C, A. submediterraneus, paratype MT12c/143; D,E, 4. albarraciniensis, tepetype MT12/144; F,

A. albarraciniensis, tepetype MT2/78; G, A. albarraciniensis, tepetype MT2/80; H,I, 4. albarraciniensis, tepetype MT2/65; J, A.
albarraciniensis, tepetype MT2/77.

1988 Albarracinites albarracinensis Fernandez Lepez; Etymology. Frem its eccurrence in the Albarracin area
Gemez-Alba: 426, pl. 210, fig. 7 (heletype). (Teruel, Spain).

Diagnosis. Micrecench (Dmax 20-30 mm) and macre- Material. Mere than 28 specimens frem three lecalities,

cench (Dmax 150160 mm). Albarracinites planerbicenes @vale and lewermest Laeviuscula zenes: 24 specimens

of relatively small size. frem Masada Teyucla (@vale Zene: MT2a/69, 72;



Figure 8. Wherl shape cress sectiens, threugh the phragmecene
and bedy chamber (stippled). of .4/barracinites frem the Masada
Teyuela sectien. Scale bar equals 10 mm. A, 4. albarraciniensis
[M]. tepetype MT2/65, Fig. TH.I; B, A. submediterraneus [M].
paratype MT2c¢/143, Fig. 7C.

Laeviuscula Zene: MT2/65, 68, 71, 73, 77-80, 82, 102,
104, 108, 110, 113, 115-121, 144) and feur specimens
frem Gea de Albarracin (@vale Zene: 2GA21/13-14;
Laeviuscula Zene: 1GA39/5-6). @f these specimens frem
the Iberian Range, 12 micrecenchs and six macrecenchs
were measured, and 12 specimens figured.

Holotype. MT2a/69, frem the @vale Zenc ef Masada
Teyuela, figured by Fernandez-Lepez (1985, pl. 36, fig. 1A,
B; 2011, fig. 1) and Gemez-Alba (1988, pl. 210, fig. 7), is
refigured here in Fig. 6A-D.

Paratypes. There are three paratypes frem the @vale Zene
of Masada Teyuela (MT2a/72) and Gea de Albarracin
(2GA21/13-14), and 11 paratypes frem the lewermest
Laeviuscula Zenc eof Masada Teyuela (MT2/65, 68, 71,
73, 77-80, 82) and Gea de Albarracin (1GA39/5-6).
Paratype MT2a/68 figured by Fernandez-Lepez (1985, pl.
306, fig. 2A, B) is refigured here in Fig. 6N, @. Paratype
MT?2/72 figured by Fernandez-Lepez (1985, pl. 36, fig. 3A,

B) is refigured here in Fig. 6E, F. Paratypes MT2/65 and
MT2/80 figured by Fernandez-Lepez (1985, pl. 20, figs 13,
14) are refigured here in Fig. 7G-L.

Locus typicus. Masada Teyuela sectien-1, near Alba-
rracin, Teruel, Spain.

Stratum typicum. The lewest limestene bed eof the 4/ba-
rracinites beds (2ain Fig. 2). El Pedregal Fermatien, Chelva
Greup, Lewer Bajecian, @vale Zene.

Measurements. Fer measurements ef 15 specimens see
®nline Supplemental Material Table 1.

Description. Adult shells of small te medium size, frem
micrecenchs reaching 20 mm ef diameter (Fig. 6H) te adult
macrecenchs surpassing 130 mm (Fig. 7J) and expected
te surpass 150 mm (based en fragmentary material). Ne
macrecenchs are knewn that pessess the cemplete bedy
chamber. Bedy chamber varies frem 180 te 270° in micre-
cenchs. Evelute ceiling, with values ef umbilical ratie ran-
ging frem 41 te 50% (Fig. SB). Wherls vary in sectien frem
lew-eval te subcircular (W/H = 190-100% in Fig. 5C),
with cenvex flanks (Fig. 8A), decreasing the relative width
in the successive entegenetic stages (W/D = 50-35% in
Fig. SA). @rnamentatien censists ef straight te slightly
sinueus, blunt ribs. Primary ribs are usually subradial er
preverse, bifurcate er trifurcate, with additienal free inter-
calateries that pass ever the venter rectiradiately er with
rursiradiate tendency. There are abeut 1217 primaries per
half wherl. Secendary ribs are net interrupted en the middle
of the venter and became blunter, of variable strength and
spacing, in the euter wherls. Small tubercles can be present
at furcatien peints. The septal suture is relatively cemplex,
with deeply divided, asymmetric, high and narrew lateral-
saddle and retracted umbilical-lebe in the macrecenchs
(Fig. 9E-G), but slightly simplified in the micrecenchs
(Fig. 9C, D). The lateral lebe is sherter than, er similar
te, the external lebe and eblique. U2 sherter and mere
eblique than L, in inner pesitien with respect te the lateral
tubercles.

Remarks. Albarracinites albarraciniensis reaches larger
adult size, despite the lesser density ef ribbing and sherter
primaries than Mellistephanus planulatus (Buckman, 1921
[M], pl. 264, figs 1, 2; heletype refigured by Chandler
& Dietze 2004, fig. 2.3a, b) frem the Bradferd Abbas
Fessil Bed, presumably Discites Zene of Sherberne (Derset,
England). The heletype of M. planulatus is the enly
specimen published of the species accerding te Chandler
& Dietze (2004), and was interpreted as a Riccardiceras
macrecench by Westermann (1995) despite its small
diameter (72 mm).

Mellistephanus mellis Buclanan (1922 [M], pl. 344,
heletype refigured by Chandler & Dietze 2004, fig. 4.1a,
b and by Rulleau 2011, pl. 48, fig. 2a, b) presumably
frem the Sanferd Lane Fessil Bed near Sherberne (Derset,



5 mm ; G

R
Es@ i@% ?%szf

E
o
=
2
3
J
.

Figure 9. Suture lines of 4/barracinites [m and M] frem the Masada Teyuela sectien, @vale and Laeviuscula zenes. A, 4. submediterraneus
[m], paratype MT2c/101, Fig. 10G-J; B, 4. submediterraneus [m], paratype MT2c/103. Fig. 10D-F; C, 4. albarraciniensis [m], heletype
MT2a/69, Fig. 6A-D; D, 4. albarraciniensis [m]. tepetype MT2/102; E, A. albarraciniensis [M], tepetype MT2/80. Fig. 7G; F, 4.
albarraciniensis [ M], tepetype MT2/65, Fig. TH.I; G, A. albarraciniensis [ M], tepetype MT2/144, Fig. 7D.E. Abbreviatiens: E, external

lebe; L, lateral lebe; U2, secend umbilical lebe.

England) Trigenalis Subzene, Mellistephanus hispanien-
sis Fernandez-Lepez (1985, p. 248, pl. 20, figs 7-9; hele-
type frem the @valis Bieherizen, Laeviuscula Biezene,
currently @vale Zene, of La @Imeda sectien (Cuenca,
Spain) and Mellistephanus ceckreadensis Chandler &
Dietze (2004 [M], p. 223, fig. 3.1a, b, 3.2a, b, heletype
frem the @vale Zene and paratype trem the upper Discites
Zenc of Ceckread Farm near Beaminster, Derset, England)
differ frem A. albarraciniensis by smaller adult size, mere
serpenticenic ceiling and mere cempressed sectien en
the euter wherls. These merphelegical differences alse
apply te the micrecenchs ef such taxenemic greups. The
very small, serpenticenic micrecenchs, figured as Albe-
rracinites albarraciniensis Fernandez-Lepez, 1985 [m] by
Chandler & Dietze (2004, figs 4.4a—c, 4.5a—, 5.4a—c)
and refigured by Rulleau (2011, pl. 48, fig. 3a, b), shew-
ing secendary ribs ef merc hemegenceus strength and
spacing in the euter wherls, are interpreted here as micre-

cenchs ef Mellistephanus mellis Buckman (cf. Fig. 11
A-F).

Dictzeer al. (2010, fig. 3a—c) determined Mellistephanus
aff. kendai Galacz a specimen frem Lauterstein-Nenningen
(Christental, eastern Swabian Alb, SW Germany, Wedel-
sandstein Fermatien, Sandmergel bed, Lewer Bajecian,
Laeviuscula Zene, Trigenalis Subzene, stephani Herizen)
as clese te Albarracinites albarraciniensis [M] in ceiling
and ernamentatien, but smaller in size and witheut a visible
suture line.

Riccardiceras westermanni Sandeval et al., 2000 [M]
(p- 38, pl 4, figs 4-7; heletype frem the Discites Zenec of
Barrance de Agua Larga, Jaen), censidered as a member
of Moellistephanus by Chandler & Dietze (2004, p. 223),
displays mere serpenticenic ceiling, denser ribbing and
sherter primaries than 4. albarraciniensis. The maximum
diameter of the syntypes is appreximately 60 mm and this
carliest Bajecian species shews smaller adult size than



Figure 10. Micrecenchs eof Albarracinites submediterraneus sp. nev. frem the Masada Teyuela sectien, upper Laeviuscula Zene. Black
asterisk marks the last septum ef the phragmecene. The specimens were whitened with magnesium exide prier te phetegraphy. Scale bar
cquals 10 mm. A—C, heletype MT2c/114; D-F, paratype MT2c/103; G-J, paratype MT2c/101; K-M, paratype MT2/74.

ether knewn species of Riccardiceras, Mellistephanus er
Albarracinites. Hewever, nene ef the syntypes preserve
septal suture.

Decideceras lupheri Tmlay, 1973 [M] (p. 78, pl. 38,
figs 14, 15, 17; heletype frem the middle ef the range
of Senninia (Euhepleceras), Weberg Member, Snewshee
Fermatien, of castern @rcgen, USA), censidered as pessi-
bly a cengeneric ferm of Mellistephanus mellis by Sandeval
et al. (2000), is characterized by shert primaries with
radially elengate tubercles at the base ef the flanks, a
feature present in Decideceras and Riccardiceras, but net
develeped in Albarracinites or Mellistephanus.

Distribution. 4. albarraciniensis eccurs in the @vale and
lewer Laeviuscula zenes ef the Castilian Platferm. It is
prebably alse recerded in the Lusitanian Basin (Fernandez-
Lepez et al. 1989).

Albarracinites submediterraneus sp. nev. [m and M]
(7A-C, 8B, %A, B, 10A-M)

Diagnosis. Micrecench (Dmax = 25-35 mm) and macre-
cench (Dmax ~ 170 mm). Albarracinites planerbicenes,
rather cadicenes, of medium size.

Etymology. After the Submediterrancan Prevince, the
biecherema inhabited by this species and that has yielded
the syntypes of the taxen.

Material. Mere than 13 specimens frem twe lecalities,
Laeviuscula Zene: 12 specimens frem Masada Teyuela
(MT2/70, 74, 101, 103, 105-107, 109, 111, 112, 114, 143)
and 1 specimen frem Villel (VE1t/2). @f these specimens
frem the Iberian Range, 12 micrecenchs and 1 macrecench
were measured and 5 specimens figured.

Holotype. Specimen MT2c/114, frem the Laeviuscula
Zene of Masada Teyuela (Fig. 10A—C).

Paratypes. There are 12 paratypes frem the Laeviuscula
Zene. Twe paratypes frem Masada Teyuela (MT2d/107,
109) cerrespend te the uppermest Laeviuscula Zene. The



Figure 11. Mellistephanus mellis Buckman [m and M] frem Sherberne, Derset (England), Inferier @elite, Lewer Bajecian, Trigenalis
Subzene, Laeviuscula Zene. Black asterisk marks the last septum ef the phragmecene. The specimens were whitened with magnesium
exide prier te phetegraphy. Scale bar equals 10 mm. A—C, micrecench 09Rh3b/1, Blue Bed. Faunal herizen Bj-8a. Redhele Lane (W
Field) atter Huxtable (1999, 2003); D, macrecench #9SL6¢c/2, Blue Bed, Faunal herizen Bj-8a after Chandler ez al. (2006), Sandferd Lane
Fessil Bed; E,F, macrecench 09SL6c/1. bed 6¢ (lewer part), Blue Bed, Faunal herizen Bj-8a after Chandler et al. (2006), Sandferd Lane

Fessil Bed.

paratype trem Villel (VE1t/2) is the micrecench ef largest
adult-size, reaching 35 mm in diameter.

Locus typicus. Masada Teyuela sectien-1, near Alba-
rracin, Teruel, Spain.

Stratum typicum. The penultimate limestene bed of the
Albarracinites beds (2c in Fig. 2). El Pedregal Fermatien,
Chelva Greup, Lewer Bajecian, Laeviuscula Zene (upper
part).

Measurements. Fer measurements of eight specimens see
@nline Supplemental Material Table 2.

Description. Adult shells small te medium in size, frem
micrecenchs surpassing 30 mm diameter (Fig. 10F) te
adult macrecenchs reaching 170 mm (Fig. 7A—C). Ne
macrecenchs are knewn pessessing the cemplete bedy
chamber, but the umbilical suture surpasses 360° in
the alletype (Fig. 7C) which displays egressien indica-
tive of adult develepment. Bedy chamber varies frem
170 te 225° in the micrecenchs (Fig. 10A—M). Evelute
ceiling, with values ef umbilical ratie ranging frem 35 te
52% (Fig. 5B). Whetls vary in sectien frem lew-eval te
subcircular (W/H = 190-100% in Fig. 5C), with cenvex
flanks (Fig. 8B), decreasing the relative width in successive
stages of the entegenectic develepment (W/D = 50-35%
in Fig. 5A). @rnamentatien censists ef relatively cearse,
straight te slightly sinueus, reunded and blunt ribs. Primary
ribs are usually subradial er preverse, bifurcate er trifur-
cate, with additienal free intercalateries that pass ever the

venter rectiradiately er with rursiradiate tendency. There
are abeut 13-21 primaries per half wherl. Secendary ribs
are net interrupted en the middle of the venter and became
blunter, of variable strength and spacing, in the euter wherls.
Small tubercles can be present at furcatien peints. The
septal suture is relatively cemplex, with deeply divided,
asymmetrical, high and narrew lateral saddle and retracted
umbilical lebe in the macrecenchs (Fig. 7C), but slightly
simplified in the micrecenchs (Fig. 9A, B). The lateral
lebe is sherter than, er similar te, the external lebe and
eblique. U2 is sherter and mere eblique than L, and has an
inner pesitien in respect te, or ceincident with, the lateral
tubercles.

Remarks. Albarracinites albarraciniensis, the type
species of the genus, is the mest similar Bajecian repre-
sentative. Hewever, 4. submediterraneus sp. nev. has a
larger adult size, steuter wherls and mere invelute ceiling.
This new species alse differs frem Mellistephanus planula-
tus (Buckman) and Riccardiceras westermanni (Sandeval
et al.,2000) in its larger size, less serpenticenic ceiling and
rarer ribbing.

Distribution. AlDarracinites submediterraneus has been
identified in the Laeviuscula Zene frem different lecalities
of the Albarracin area and the Villel sectien (Central Exter-
nal Castilian Platferm). It scems te be an endemic er cha-
racteristic species of the Submediterranean Prevince, very
scarce and miedemic in the epen marine, carbenate envi-
renments of the CastilianPlatferm, eastern Iberian platferm
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Figure 12. Schematic diagram ef heterechreny by peramerphesis in early Bajecian Mellistephanus and Albarracinites. The successive
states of entegenic develepment are represented by bands ef diverse shading versus size of shell. Evelutienary change by acceleratien in
Moellistephanus, frem M. planulatus te M. mellis, preduced mere cempressed adult shells of similar size. In centrast, evelutienary change
by hypermerphesis in 4/barracinites, frem 4. westermanni te 4. submediterraneus, preduced larger adult shells of similar shape.

system, and phyletically derived frem 4. albarraciniensis
in the earliest Laeviuscula Zene.

Discussion and conclusions

Farly Bajecian stephaneceratids ef the genera Mellis-
tephanus and AlDarracinites, characterized by small planer-
bicenes and respectively typified by macrecenchs and
micrecenchs, have a clese phyletic relatienship (Fernandez-
Lepez 1985; Chandler & Dietze 2004). Hewever, ente-
genic develepment and variatien ef shell ernament in the
ferms frem the Masada Teyucla arca cerreberate that
these twe taxenemic greups de net represent intraspe-
cific dimerphs. A chrenecline er gradatienal series of
merphelegical changes, frem depressed, small and slen-
der planerbicenes te greater planerbicenes with mere cadi-
cenic phragmecenes and bedy chambers ef subcircular
cress sectien, can be recegnized within the genus A/ba-
rracinites in the Lewer Bajecian ef the Iberian Range. Twe
chrenelegically successive species of 4lbarracinites frem
the @vale te the Laeviuscula zenes have been identified:
the type species 4. albarraciniensis [m and M] and 4.
submediterraneus sp. nev. [m and M]. The macrecench
ceunterpart of this genus is a greup ef stephaneceratids
previeusly attributed te Mellistephanus, Riccardiceras and
ether new ferms described in the present paper.
Albarracinites and Mellistephanus develeped twe eppe-
site peramerpheclines or gradatienal series of merphele-
gical changes undergeing greater develepment and ente-
genetic variatien by hypermerphesis (sexual matura-
tien delay) and acceleratien (merphelegical develepment
acceleratien), respectively, during the Discites, @vale and
Laeviuscula zenes (Fig. 12; cf. Geuld 1977, 2002; Demmer-

gues et al. 1986, 1989; Demmergucs 1990; Davis et al.
1996; McNamara 2001; Guex et al. 2003; Guex 2000). The
evelutien ef knewn species of .4/Darracinites represents a
hypermerphic peramerphecline frem 4. albarraciniensis
Fernandez-Lepez te 4. submediterraneus sp. nev., predu-
cing larger adults ef similar shape and entegenic varia-
tien ef shell ernament. In centrast, Mellistephanus pla-
nulatus (Buclanan), M. ceckroadensis Chandler & Dietze
and M. mellis Buckman represent a peramerphecline by
acceleratien, preducing adults ef similar size but mere
cempressed and with increasing entegenic variatien ef
shell ernament. Albarracinites and Mellistephanus alse
shew different patterns ef palacebiegeegraphical distribu-
tien, in accerdance with their respective life-histery strate-
gies. Albarracinites is mainly recerded in Mediterranean
and Submediterranean areas (Iberian Range, Lusitanian and
Betic basins), whereas Mellistephanus is relatively cemmen
in NW Eurepean (Parsens 1974, 1979; Fernandez-Lepez &
Meuterde 1994; Rieult er al. 1997; Dietze et al. 2001;
Chandler & Dietze 2004; Chandler er al. 2006; Dietze
& Chandler 2008), Submediterranean (Fernandez-Lepez
1985; Fernandez-Lepez ef al. 1988a, 1989, 1996; De Bacts
et al. 2008; Dictze er al. 2001, 2010; Rulleau 2011) and
Mediterranean (Sandeval 1983; Galacz 1986, 1988; Sadki
1994, 1996; Sandeval ez al. 2000, 2001; Cresta ez al. 2002;
@’ Degherty er al. 2006, Marek 2007) previnces ef the
western Tethys threugh the Discites, @vale, Laeviuscula
and Sauzei zenes. The develepment ef endemic species of
the Submediterranean Prevince within the Albarracinites
lineage, asseciated with the immigratien and celenizatien
of the eastern Iberian platferm system, eccurred at least
during the Laeviuscula Zene (prier te the regienal disap-
pearance of such miedemic ammenite taxa at the Laevius-
cula/Sauzei transitien).



Adult, primitive Albarracinites resemble juvenile,
derived Riccardiceras. In this evolutionary setting,
Riccardiceras westermanni Sandoval et al., 2001 seems to
be the earliest species of the genus Albarracinites. During
the Aalenian/Bajocian transition, the otoitid Riccardiceras
evolved into the stephanoceratid Albarracinites by protero-
genesis (i.e. the appearance in the early stages of an
organism’slife of features characteristic of adult forms of'its
evolutionary descendants), decreasing the size of the adults
and changing the monaxial (‘planulate’) into the biaxial
(‘bullate’) septum (cf. Westermann 1956, 1958, 1964b,
1967, 1995; Fernandez-Lopez 1985; Dictze ef al. 2001;
Chandler & Dietze 2004). In turn, Molliste phanu.s probably
derived from an early species of Albarracinites at the Aale-
nian/Bajocian transition. Later, both new lineages under-
went lasting palingenetic changes with diverse peramor-
phic results by opposite mechanisms (hypermorphosis
versus acceleration). Therefore, Albarracinites seems to
be the earliest stephanoceratid lineage in western Tethys,
branching off from the otoitid Riccardiceras at the Aale-
nian/Bajocian transition by proterogenetic change and
resulting paedomorphosis.
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Appendix

Abbreviations and measurements of the specimens of 4lbarracinites from the Iberian Range. Stratigraphic information 1s
indicated by locality number, section letter and stratigraphic level: sections MT (Masada Toyuela), | GA and 2GA (sections 1
and 2 of Gea de Albarracin) and VE (Villel); stratigraphic levels; /n = number of specimen. [M] and [m] indicate macroconch
and microconch. Measurements are given in mm and include maximum shell diameter at which the following measurements
were made (D), whorl-height (H), whorl-height/diameter ratio (H/D), whorl-width (W), whorl-width/diameter ratio (W/D),
umbilical diameter (U), umbilicus/diameter ratio (U/D), whorl-width/whorl-height ratio (W/H) and external ribs per half whorl

(Ne/2).

Table 1. Measurements for the specimens of Albarracinites albarraciniensis Ferandez-Lopez, 1985 [m & M].

Specimens Figures D H H/D w wW/D 8] u/b W/H Ni/2 Ne/2
MT2/65 Figs. 7H-1 M 720 233 324% 260 361% 330 45.8% 112 17 59 35
MT2/144 Figs.7D-E M 350 118 33.7% 12.8 36.6% 15.3 43.7% 1.08 12 - =
2GA21/14 M 370 89 33.0% 104 385% 15 47.4% 117 - o s
MT2/115 Figs.GL—M [m] 27.0 8.7 32.2% 10.7 39.6% 11.7 43.3% 1.23 =3 = .
o B 321% 9.1 47.9% 8.0 421% 1.49 15 - 5
MT2/117 Figs.6P-Q M 370 76 281% 102 37.8% 11.3 41.9% 1.34 12 5 =
MT2/108 [m] 26.0 7.8 30.0% 10.3 39.6% 10.9 41.9% 1.32 13 g e
MT2/110 [l 350 9.1 36.4% 10.3 41.2% 10.1 40.4% 113 = = =
5 iy L (] E S (] . E () B L
MT2/121 Ml 240 83 34.6% 9.3 38.8% 9.7 40.4% 112 13 26 2.0
MT2/102 ml 240 78 32.5% 9.5 39.6% 109 45.4% 1.22 - — -
MT2/118 [ml 240 75 31.3% 9.4 39.2% 107 44.6% 1.25 = i =
Figs. 6N-O
MT2/68 ez [ml] 240 7.2 300% 109  454% 101 421% 1.51 15 30 2.0
paratype
MT2/116 Figs. 6G-H [m] 22.0 7.5 34.1% 9.1 41.4% 9.8 44.5% 1.21 12 24 2.0
MT2/120 Figs. 61-K [l 230 80 34.8% 9.5 41.3% 10.9 47.4% 1.19 - - -
MT2/71 Ml 250 61 27.7% 9.2 41.8% 9.5 43.2% 1.51 16 30 1.9
Figs. 6A-D
MT2/69 [m] 210 64 30.5% 9.3 44.3% 9.0 42.9% 1.45 13 24 18
holotype

Table 2. Measurements for the specimens of Albarracinites submediterraneus sp. nov. [m & M].

Specimens Figures D H H/D w w/D §] u/b W/H Ni/2 Ne/2
Fig. 7C
MT2/143 oaype M 1200 305 25.4% 37.0 30.8% 61.4 51.2% 1.21 21
750 220 29.3% 29.0 38.7% 32.0 42.7% 1.32 16 = =
VE1t/2 [m] 340 120 35.3% 13.1 38.5% 121 35.6% 1.09 13 ] o
Figs. 10A-C
MT2/114 E(;OWpe [(ml 300 104 34.7% 115 38.3% 12.7 42.3% 111 15 27 1.8
230 87 37.8% 10.4 45.2% 9.4 40.9% 1.20 . - -
MT2/74 Ff;alt?;’e"/' [ml 300 9.3 31.0% 11.1 37.0% 131 43.7% 119 13 26 2.0
220 82 37.3% 10.9 49.5% - - 1.33 - - =
MT2/101 F;)gasr;::s: [ml 280 94 33.6% 121 43.2% 121 43.2% 1.29 17 34 2.0
MT2/105 (Ml 280 8.4 30.0% 11.8 42.1% 11.3 40.4% 1.40 15 .
Figs. 10D-F
MT2/103 e s ml 270 91 33.7% 10.7 39.6% 11.4 42.2% 1.18 13 24 1.8
200 7.1 35.5% 9.8 49.0% 9.5 47.5% 1.38 = = =

MT2/70 [m] 27.0 8.5 31.5% 11.6 43.0% 11.9 44.1% 1.36 13 26 2.0
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