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Abstract: The family Prionitidae Hyatt represents a major
component of ammonoid faunas during the Smithian (Early
Triassic), and the genus Anasibirites Mojsisovics is the most
emblematic taxon of this family. Its stratigraphical range is
restricted to the beginning of the late Smithian (Wasatchites
distractus Zone). The genus is also characterized by an unusual
cosmopolitan distribution, thus contrasting with most earlier
typically
restricted by latitude. Because the late Smithian witnessed an

Smithian ammonoid distributions that were
extinction of the nekton (e.g. ammonoids, conodonts) whose
amplitude is equal to or larger than that of the end-Permian
crisis, the number of valid species that should be included in
the genus Anasibirites becomes a highly relevant question
when addressing this extinction at the highest possible taxo-
nomic resolution. Based on a new extensive collection from

THE late Smithian genus Anasibirites Mojsisovics, 1896,
which occurs abundantly worldwide, is an iconic index
taxon marking the beginning of the late Smithian extinc-
tion (Fig. 1). The late Smithian is a short time interval
(c. 100 kyr; Brithwiler et al. 2010) that witnessed the most
severe intra-Triassic crisis for the nekton (c. 1.4 myr after
the end-Permian mass extinction; Ovtcharova et al. 2006,
2015; Galfetti et al. 2007; Burgess et al. 2014). The late
Smithian extinction as it affected ammonoids and con-
odonts was of equal or larger magnitude than that of the
end-Permian crisis (Brihwiler et al. 2010).

A profusion (c. 60) of species names for Anasibirites
exists in the literature (see e.g. Waagen 1895; Mathews
1929). This typological taxonomic richness essentially
originates from two causes: (1) sufficiently large samples
were not previously available; and (2) most species
referred to this genus are based on minute morphological

Timor, the composition of the genus Anasibirites is herein
revised with respect to its intraspecific and ontogenetic
variations. Comprehensive morphological and biometric
studies (c. 950 measured specimens) indicate that, of the
c. 60 available species names, only two are valid, namely
A. kingianus (Waagen) and A. multiformis Welter. Continu-
ous ranges of intraspecific variation enable us to synonymize
A. nevolini Zakharov, 1968 and A. angulosus (Waagen) with
A. kingianus. The contribution of Anasibirites to species diver-
sity during the late Smithian extinction is thus significantly less
than previously estimated, therefore accentuating the severity
of this event.

Key words: late Smithian extinction, Timor, Anasibirites,
Taxonomy, intraspecific variation.

differences that would be considered as intraspecific varia-
tion in a population approach. Brayard and Bucher
(2008) initiated a revision of the genus, taking intra-
specific variation into account, and suggested the
existence of only four valid species: A. kingianus (Waagen,
1895); A. multiformis Welter, 1922; A. nevolini Zakharov,
1968; and A. pluriformis Guex, 1978. Subsequently,
Brihwiler and Bucher (2012a) re-assigned A. pluriformis
to the genus Truempyceras, a distinct genus of middle
Smithian age assigned to Arctoceratidae. These authors
also re-instated another species of Amnasibirites, namely
A. angulosus (Waagen, 1895), characterized by its tabulate
venter and ornamentation consisting of biconcave ribs of
highly varying strength (Briithwiler and Bucher 2012a).

In summary, according to the latest studies (Brithwiler
and Bucher 2012a; Brayard et al. 2013), four valid species
of Anasibirites can apparently be differentiated. Some of



247.05 £ 0.16}
Ovtcharova et al. 2015 :'..'

Spathian €

Anoxic/euxinic events (Galfetti et al. 2007)

Olenekian

Ovtcharova et o, 2006 | &
Galfetti et al. 2007 | @

[250.55 £ 0.4 |-

Ammonoid Zones

Early Triassic

Smithian

Galfetti et ul
ol 2007 | 251.22 0.2

Dienerian

Induan

Griesbachian N

[251.88 £ 0.03 SE

Burgess et al. 2014

Permian 2 b o X

813Ccarb (vPDB) (%]

FIG. 1. Early Triassic subdivision calibrated with published

radiometric ages (Ovtcharova et al. 2006; Galfetti et al. 2007;

Burgess et al. 2014). 3C"° .y, curves and anoxic/euxinic events
from Galfetti et al. (2007). A, Anasibirites; X, Xenoceltites; ea.,
early; mi., middle; 1, late. Colour online.

them co-occur within the same beds in different localities.
For instance, A. multiformis and A. nevolini co-occur
within the Anasibirites multiformis beds in Guangxi

(Brayard and Bucher 2008), A. kingianus and A. angulosus
co-occur within the Wasatchites distractus beds in Pak-
istan (Brihwiler and Bucher 2012a), and A. kingianus
and A. multiformis supposedly co-occur within the Anasi-
birites kingianus beds in Utah (Brayard et al. 2013).

According to Brayard et al. (2013, p. 194), different
species of Anasibirites ‘generally cannot be identified
based only on their measurements and are mainly distin-
guished only by the strength of their ornamentation’.
Kummel and Erben (1968) had earlier suggested that all
previously described Anasibirites species should be placed
in synonymy with the type species A. kingianus. It is also
worth noting that the cosmopolitan distribution of Anasi-
birites was first recognized by Tozer (1982).

Hence, the purpose of this study was to revise the tax-
onomy of Anasibirites not only by means of classical
descriptive studies, but also by means of quantitative bio-
metric analyses, based on an extensive collection from
Timor (c. 900 measured specimens of Anasibirites) and
comparative material from several localities distributed
worldwide (Spitsbergen, Nevada, Utah, Idaho, Guangxi,
Salt Range, Spiti, Kashmir and Oman; Fig. 2).

GEOLOGICAL SETTING
Palaeogeographical context

Presently, Timor Island is located in the south-eastern
part of the Indonesian archipelago, 1500 km east of Java
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FIG. 2. Late Smithian distribution of Anasibirites (modified from Brayard et al. 2009). Black stars represent localities that yielded

material for this study.



and 400 km north-west of northern Australia (Fig. 3A).
During the Early Triassic, Timor was located in the east-
ern part of Pangea (c. —15° latitude and 125° longitude;
Fig. 2) and off the northern Australian margin, in the
transition zone between the Tethyan and Panthalassic
realms. Ammonoids from Timor mainly come from highly
fossiliferous sediments termed the ‘Cephalopod Limestone
Facies’ (Wanner 1913). This facies occurs as exotic blocks,
up to a few metres thick, embedded in the Cenozoic
Bobonaro Formation (Charlton et al. 2009). These blocks
consist of condensed sequences of pelagic limestone
deposited on sea-mounts (Martini et al. 2000), but the
range of ages represented by ammonoids indicates that
most, if not all, stages of the Triassic are probably present
(Charlton et al. 2009). Although embedded in a forma-
tion of Jurassic age, similar occurrences of exotic blocks
of Early Triassic pelagic limestone are known from Oman
(Tozer and Calon 1990, Brithwiler et al. 2012a).

Regarding Smithian-aged sediments of Timor, Welter
(1922) described three subdivisions in his pioneer work,
namely the Meekoceras limestone (early Smithian), the
Owenites limestone (middle Smithian) and the Anasi-
birites limestone (late Smithian).

Localities and facies description

Welter (1922) studied a sample of 111 specimens of Ana-
sibirites obtained from a single block of white limestone
collected by the Molengraaff expedition (1910-1912) in
the Anak Saban area of West Timor. The new Anasibirites
specimens from West Timor studied in this work were
extracted from 76 small-sized blocks (up to 50 cm in
thickness) chiselled from a single block of white Anasi-
birites limestone near Noe Tobe (Fig. 3B). These are the
only two known occurrences of the Anasibirites fauna in
West Timor. Unlike the vast majority of other Smithian
exotic blocks of reddish-pinkish micritic pelagic limestone
(i.e. Hallstatt facies), the very rare occurrences of the late
Smithian Anasibirites fauna are characterized by a very
peculiar white lumachelle facies (Fig. 4). This very unu-
sual facies of the Anasibirites fauna consists of densely
packed shells embedded in successive generations of
cements, with no or very little micritic matrix. Primary
porosity between and within the shells is high, in contrast
with other fossiliferous blocks of Early Triassic pelagic
limestone. Decimetric tongues of mm- to cm-sized angu-
lar volcanic clasts are occasionally intercalated in this
white lumachelle. The coating of shells by manganese
oxide, which is commonly observed in other exotic Trias-
sic blocks of Hallstatt limestone in Timor, is evidently
absent in the white Anasibirites lumachelle. Hence, the
depositional environment of the Anasibirites fauna stands
in marked contrast with that of the early and middle

Smithian pelagic limestone in Timor. It suggests either
high energy conditions with winnowing of the sediment
or a genuine absence of fine grained carbonate of neritic
origin transported off shore by suspension. Absence of
imbrication of the shells lends more credence to the
second interpretation.

Associated macrofauna

In addition to the ¢. 900 Anasibirites measured specimens,
the Noe Tobe block also yielded ¢. 200 specimens of
Hemiprionites, including the species H. typus (Waagen,
1895), H. butleri (Mathews, 1929) and H. klugi Brayard
and Bucher, 2008; and a few specimens of Arctoprionites
resseri (Mathews, 1929) and Wasatchites perrini Mathews,
1929, as well. Also found in the block were very rare
specimens of Galfettites omani Brihwiler and Bucher
2012b and Subvishnuites posterus Brithwiler et al., 2012b.

The only two specimens of Galfettites found in this
Anasibirites-dominated assemblage represent the youngest
known occurrence of this genus, which was hitherto only
documented from faunas of middle Smithian age
(Brayard and Bucher 2008, Brithwiler et al. 20124, b, c).

Nevertheless, the age of both the Noe Tobe and Anak
Saban blocks can be unequivocally assigned to the
Wasatchites distracus beds, that is the oldest ammonoid
zone of late Smithian age as established in expanded sec-
tions from the northern Indian margin (SM-12 in
Brithwiler et al. 2010 and S-13 in Brithwiler et al. 2011).
Moreover, no palaeontological condensation could be
detected within the resolution of the zone level in these
two Timor occurrences.

Among the associated bivalves of the Noe Tobe block,
the overwhelmingly dominant and abundant species is
(Krumbeck,
1924). We indicate the generic assignment as uncertain
because distinction from similar Eobuchia requires mor-
phological information on the right anterior auricle,
which is not available. Although there are some reports of

assigned to Crittendenia? australasiatica

Crittendenia from the Griesbachian and the early Anisian
(Komatsu et al. 2013), Crittendenia is typical of the late
Smithian, where the genus has a remarkably wide geo-
graphical distribution both in the Tethys and in Pantha-
lassa (Komatsu ef al. 2013). Newell and Boyd (1995)
suggested that Crittendenia might have lived pseudoplank-
tonically on floating objects including living ammonoids,
which is in good agreement with its wide geographical
distribution and its occasional occurrence in sediments
that are indicative of oxygen-deficient bottom water.
Bivalves other than Crittendenia? australasiatica are scarce
in the Noe Tobe block fauna and belong to the wide-
spread and long-ranging genera Bakevellia, Leptochondria,
Scythentolium and Permophorus.
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FIG. 3. A, map of Timor showing the location of Noe Tobe (black star) and other Triassic localities in West Timor (white stars;
modified from Charlton et al. 2009). B, location of Noe Tobe (black star) at enlarged scale.

METHODS

Mode of growth of Anasibirites

Understanding the mode of growth of the ammonoid
shell is a prerequisite to biometric, taxonomic and phy-

logenetic treatments. Shells of Anasibirites specimens
from Timor exhibit discontinuities distinct from growth
lines that separate structurally independent growth seg-
ments (see Urdy et al. 2010). These discontinuities on
the shell of Anasibirites specimens were frequently
described as ribs in previous works. However, the



FIG. 4. Blocks of white lumachelle with Anasibirites kingianus (Waagen, 1895) from Noe Tobe (Timor). A, PIMUZ 31426. B, PIMUZ
31427. Note the absence of imbrication of shells, the exclusive presence of cement between the shells (absence of matrix), and high
porosity within and between the shells. Star indicates the position of last septum. Scale bar represents 10 mm.

exceptional quality of our material from Timor allows direction of secretion; Bucher ef al. 1996) that generated

us to assert that these discontinuities are actually megas- temporary apertures (Urdy et al. 2010). Thus, megastriae
triae (Fig. 5). highlight the discontinuous nature of shell secretion in
Microstructural studies of megastriae show that these that they represent intrinsic pauses in growth superim-

are breaks in secretion (growth halts with rotation of the posed on the overall growth curve (Bucher et al. 1996).



FIG. 5. Sculptural variation of early whorls in Anasibirites multiformis Welter, 1922 and A. kingianus (Waagen, 1895) from Noe Tobe
(Timor). A, A. multiformis (PIMUZ 31394). B, A. kingianus (PIMUZ 31424). C, A. kingianus (morph angulosus) (PIMUZ 31476). D,

A. kingianus (morph nevolini) (PIMUZ 31447). All illustrations show only megastriae, not ribs (i.e. plications). All scale bars represent
5 mm.

Megastriae are also defined as distinctive thick lines that
extend continuously around the flanks and venter
(Bucher and Guex 1990). They differ from lirae and ribs
mainly by being asymmetrical when seen in cross-section.
They also differ from lirae, growth lines and ribs by
involving both the outer prismatic and nacreous layers,
implying a retreat of the secreting edge of the mantle
(Bucher et al. 1996). Furthermore, in contrast with
megastriae, ribs only represent plications (corrugations)
of the shell wall (Bucher et al. 1996). In Bucher et al.
(1996), the term ‘megastriae’ was intended to represent
all such features previously referred to by different terms:
alte  Mundrander (Pompeckj 1884; Teisseyre 1889;
Mojsisovics 1886; Wahner 1894; Diener 1895); demarca-
tion lines (Matsumoto et al. 1972; Obata et al. 1978);
parabolic lines (Arkell et al. 1957a; Matsumoto 1991;
Maeda 1993); and transitional mouth borders (Tozer
1991).

Megastriae are commonly followed by a co-marginal
rib on the next segment, suggesting a relationship
between pauses in secretion and rib formation (Bucher
et al. 1996). However, based on a literature review and
our large number of exceptionally well-preserved speci-
mens from Timor, we assert that the alleged ribs of all
species assigned to Anasibirites are in fact megastriae
and not true ribs (i.e. plications) in a morphogenetic
sense. True ribs in Anasibirites are only rarely observed,
mostly on some mature body chambers devoid of
megastriae.

The shape and spacing of megastriae in Anasibirites are
directly related to the shape of the whorl section. For
instance, identical and closely spaced megastriae (very
short and regular growth increments) are observed on
specimens of A. multiformis (Fig. 5A), with compressed
whorls. In contrast, juvenile stages of A. kingianus and
A. angulosus (with depressed whorls) exhibit irregular
growth increments with megastriae of highly variable
magnitude, thus mimicking the intercalation of stronger
ribs (Fig. 5B—C). On the most robust species (A. nevolini,

evolute with depressed whorls), megastriae are even more
pronounced (Fig. 5D).

Measurements and multivariate analysis

Our data set includes 888 measured specimens of Anasi-
birites from the Noe Tobe block. We also included in our
analyses measurements of additional specimens assigned
to A. kingianus from the Salt Range and Spitsbergen, as
well as measurements of specimens assigned to A. multi-
formis from Utah and Idaho (Fig. 2), resulting in a data
set with 955 sets of measurements. All of these specimens
were split into morphological groups on the basis of their
similarity with the four recently validated species of Ana-
sibirites (Brihwiler and Bucher 20124; Brayard et al.
2013), and these groups were then statistically compared.
Each set of measurements includes classical geometric
parameters of the ammonoid conch such as the shell
diameter (D) and corresponding whorl height (H), whorl
width (W) and umbilical diameter (U). To assess the
variability of these parameters for each species, the
parameters are plotted as a ratio of the size-related
parameter D (H/D, W/D and U/D) to remove the influ-
ence of growth. In addition to these three ratios, the ratio
W/H is also plotted as a simple descriptor of the whorl
section.

Box plots are constructed to illustrate the univariate
distribution of the four conch ratios for each studied
morphological group. These graphs display a visual com-
parison of the distribution of quantitative parameters
with its median value (horizontal line), its 25th and 75th
percentiles (the box that contains half of the values
around the median), its extended interquartile range
(marked by the whiskers) and its eventual outliers (iso-
lated dots). These plots allow us to determine whether
the morphological groups differ by their biometric
parameters as indicated by the amount of overlap
between them.



The normality of the H/D, U/D, W/D and W/H
parameters is graphically assessed by means of a quantile—
quantile plot and statistically tested by means of a Lil-
liefors test. This test evaluates the null hypothesis that the
investigated data have a normal distribution with unspec-
ified mean and variance. Results of the test are reported
on the figures by a specific label: ‘normal’ indicates that
the test cannot reject the null hypothesis of normality (at
a confidence level of 95%), while ‘NOT normal’ indicates
that the hypothesis of a normal distribution is rejected (at
a type I error rate <5%). The quantile—quantile or Q-Q
plot is an exploratory graphic used to check the validity
of a distributional assumption for a data set. In general,
the basic idea is to compute and compare the theoreti-
cally expected value for each data point based on the dis-
tribution in question. On a Q-Q plot, if the data
conform to a normal distribution, the data will all lie
quite close to a line. Normality of the data is also empiri-
cally evaluated by means of a standard histogram of the
values. In this context, the outline of the chart is expected
to closely approximate a bell shape.

The growth trajectories of H/D, W/D, U/D and W/H
ratios are also explored by means of scatter diagrams and
by fitting an allometric curve to the data with respect to
shell diameter in order to evaluate the differences in size-
based allometries of the geometry of the shell. Because
allometric growth conforms to an exponential-like equa-
tion, the values of each parameter are fitted by a power
equation by means of a linear regression of log-trans-
formed data. The isometric versus allometric state is
tested by a Z-test with the null hypothesis that the allo-
metric exponent is equal to 1 (i.e. isometric growth) at a
confidence level of 95%.

Finally, a linear discriminant analysis (LDA) has been
performed in order to graphically evaluate how the stud-
ied morphotypes of Anasibirites can be more or less well
distinguished based on the four ratios H/D, U/D, W/D
and W/H. Briefly, the purpose of this standard ordina-
tion method is to project the multidimensional data set
(composed here of the four conch ratios) onto newly
constructed axes, which maximize the discrimination
between given groups (here, the Anasibirites morpho-
types) and which are ordered by decreasing importance.
This method is thus a convenient tool for finding differ-
ences between groups (taxa) in the function of the
parameters and of the value of each parameter. This
method enables investigation of the patterns of morpho-
logical variation in the studied species or morphological
groups.

The descriptive, exploratory and multivariate analyses
of the biometric ratios have been performed with the free
scientific and statistical environment R version 3.0.3 (R
Core Team 2014) and with the package epaleo (CM
unpub.). Additional details on the methods are found in

Reyment and Savazzi (1999), Davis (2002) and Hammer
and Harper (2006), among others.

DISCUSSION
Comparison between A. kingianus and A. nevolini

Waagen (1895) erected A. kingianus for specimens with
indistinct ventral shoulders and an arched venter (Figs 4,
6-9, 10A-M). In juvenile stages, the whorl section is some-
what quadratic and the venter is separated from the flanks
by angular shoulders (Waagen 1895). This juvenile stage is
well documented in cross-sections (Fig. 11). Furthermore,
according to Waagen (1895, p. 108), ornamentation of the
juvenile stages consists of ‘very unequal, somewhat falci-
form ribs’ with ‘eight to ten strong ribs on one volution
and between these some three or four weaker ones interca-
lated and showing the same curve’ (see Fig. 10A-M). On
mature specimens, ‘the sculpture becomes somewhat
different’ with ‘ribs all of equal strength’.

The description of A. kingianus by Waagen (1895) is
very close to that of A. nevolini Zakharov, 1968 in Bra-
yard and Bucher (2008, p. 58). These authors described
A. nevolini with a subtabulate-to-tabulate venter and a
‘regular alternation of concave, weak and strong ribs’, as
well as with ornamentation ‘somewhat attenuated on
adult specimens’. The specimens tentatively
assigned to A. mevolini (Fig. 12) based on Brayard and

Timor

Bucher (2008) are mostly small specimens (<30 mm),
and their sculpture, although slightly more pronounced,
is very similar to that of juvenile specimens assigned here
to A. kingianus (Fig. 10A-M).

According to Brayard and Bucher (2008), A. nevolini is
more evolute than all other congeneric species. However,
the statistical comparisons of the measurements of our
Timor specimens provisionally assigned to A. kingianus
and A. nevolini (747 and 40, respectively) show that spec-
imens of A. nevolini are not more evolute than juvenile
specimens of A. kingianus (Fig. 13: U/D). These latter
only show a slightly less pronounced sculpture (Fig. 10A—
M). The LDA also indicates that A. nevolini and juveniles
of A. kingianus occupy the same portion of morphospace
(Fig. 14). The two outliers of A. nevolini shown in the
LDA are extremely thick variants (e.g. Fig. 12K). Finally,
A. nevolini and A. kingianus share the same whorl geome-
try in their juvenile stages (Fig. 11).

Anasibirites nevolini therefore represents the robust and
‘paedomorphic’ end-member variant of A. kingianus. This
‘nevolini’ variant includes specimens of A. kingianus that
display an extension and/or accentuation of the robust
early juvenile stages (Fig. 12; Brayard and Bucher 2008,
pl. 28, figs 7-8). Specimens of the ‘nevolini’ variant with
the most robust sculpture are also more evolute (Fig. 12A,



’ ' ' '
Cc

.*7 ' '

.E

* . '
F
D

G

FIG. 6. Anasibirites kingianus (Waagen, 1895) from Noe Tobe (Timor). A, PIMUZ 31419. B, suture line of PIMUZ 31420 with scale

bar representing 5 mm, at H = 20 mm. C, PIMUZ 31421. D, PIMUZ 31422. E, PIMUZ 31423. F, PIMUZ 31424. G, PIMUZ 31425.
Stars indicate the position of last septum; H, whorl height. Scale bar for A, C-G represents 10 mm.
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FIG. 7. Anasibirites kingianus (Waagen, 1895) from Noe Tobe (Timor). A, PIMUZ 31411. B, PIMUZ 31412. C, PIMUZ 31413. D,
PIMUZ 31414. E, PIMUZ 31415. F, PIMUZ 31416. G, PIMUZ 31417. H, PIMUZ 31418. Star indicates the position of last septum.
Scale bar represents 10 mm.
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FIG. 8. Anasibirites kingianus (Waagen, 1895) from Noe Tobe (Timor). A, PIMUZ 31428. B, PIMUZ 31429. C, PIMUZ 31430. D,
PIMUZ 31431. E, PIMUZ 31432. Stars indicate the position of last septum. Scale bar represents 10 mm.
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FIG. 9. Anasibirites kingianus (Waagen, 1895) from Noe Tobe (Timor). A, PIMUZ 31433. B, PIMUZ 31434. C, PIMUZ 31435. D,
PIMUZ 31436. E, PIMUZ 31437. Stars indicate the position of last septum. Scale bar represents 10 mm.
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FIG. 11. Schematic whorl sections

A. kingianus

A. kingianus (morph angulosus)

of specimens of Anasibirites kingia-
nus (Waagen, 1895) and A. multi-
formis Welter, 1922 from Noe Tobe
(Timor). From left to right: PIMUZ
31432, PIMUZ 31419, PIMUZ
31456, PIMUZ 31468, PIMUZ
31477, PIMUZ 31499, PIMUZ

A. multiformis

31396. Scale bar represents 10 mm.

G, K). This type of covariation conforms to the well-
known Buckman’s first law of covariation (Westermann
1966). For a review of ammonoid intraspecific variability
in general and Buckman’s rules of covariation, see De
Baets et al. (2015) and Monnet et al. (2015).

In conclusion, A. nevolini does not show any diagnostic
differences with respect to A. kingianus. Consequently,
A. nevolini is here synonymized with A. kingianus.

Comparison between A. kingianus and A. angulosus

According to Brithwiler and Bucher (2012a) and Brayard
et al. (2013), A. kingianus is mainly distinguished by its
arched venter with rounded shoulders, which is in agree-
ment with the original description of Waagen (1895).
However, as previously mentioned, the juvenile stages of
A. kingianus are characterized by a somewhat quadratic
whorl section and a venter separated from the flanks by
angular shoulders (Waagen 1895).

Anasibirites angulosus was erected by Waagen (1895)
who distinguished this species from A. kingianus by ‘an-
gular whorls retained by it in more advanced stages of
growth’ and ‘ribs that show an angular bend in the
middle of the external part’ (Waagen 1895, p. 119).
According to Waagen’s (1895, p. 118) original descrip-
tion of A. angulosus, the whorl section of juvenile stages
is somewhat quadratic, the venter is separated from the
flanks by angular shoulders and the ‘ribs’ are very
unequal in strength with generally two fainter ‘ribs’
intercalated between two stronger ones. Based on this
information and plates from Waagen (1895) and
Brithwiler and Bucher (2012a), we tentatively assigned

A. kingianus
{morph nevolini)

o)

B
5 ¢

80 specimens to A. angulosus (Figs 15-17). Brayard et al.
(2013) also figured specimens as Anasibirites cf. angulo-
sus. However, these specimens do not exhibit true
megastriae, but instead, bear true ribs. Therefore, these
specimens are not representative of the genus Anasi-
birites and more likely belong to the genera Hemiprion-
ites or Arctoprionites.

Based on Timor specimens tentatively assigned to
A. angulosus and following Waagen’s descriptions, the

v
:

juvenile stages of A. kingianus and A. angulosus are nearly
identical. Both species display juvenile stages with a some-
what quadratic whorl section, angular shoulders and
megastriae of highly variable magnitude (Figs 5B-C, 11).
Considering the extreme variability of the shape of
megastriae within Anasibirites, the presence of megastriae
in A. angulosus that exhibit an angular bend in the mid-
dle of the flank (Waagen 1895) is unlikely to be a diag-
nostic character. Consequently, A. angulosus may only be
distinguished from A. kingianus by ‘angular whorls
retained by it in more advanced stages of growth’
(Waagen 1895, p. 119).

It should be noted that the type material of A. angulo-
sus is represented by two rather small specimens
(<25 mm). Thus, the character ‘angular whorls retained
by it in more advanced stages of growth’ (Waagen 1895,
p- 119) is not relevant for the type material. However,
A. angulosus was also described by Brithwiler and Bucher
(2012a) as having a tabulate venter with angular shoul-
ders, becoming slightly rounded on outer whorls.

Our large sample of A. kingianus specimens includes
many intermediate morphs that range between an arched
venter with rounded shoulders and a tabulate venter with
angular shoulders (Fig. 18). Specimens of A. kingianus

FIG. 10. A-M, juvenile specimens of Anasibirites kingianus (Waagen, 1895) from Noe Tobe (Timor); A, PIMUZ 31438; B, PIMUZ
31439; C, PIMUZ 31440; D, PIMUZ 31441; E, PIMUZ 31442; F, PIMUZ 31443; G, PIMUZ 31444; H, PIMUZ 31445; I, PIMUZ
31446; J, PIMUZ 31447; K, PIMUZ 31448; L, PIMUZ 31449; M, PIMUZ 31450. N-S, Anasibirites multiformis Welter, 1922 from Noe
Tobe (Timor); N, PIMUZ 31389; O, PIMUZ 31390; P, PIMUZ 31391; Q, PIMUZ 31392; R, PIMUZ 31393; S, PIMUZ 31394. Stars

indicate the position of last septum. Scale bar represents 10 mm.
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FIG. 12. A. kingianus (morph nevolini) (Waagen, 1895) from Noe Tobe (Timor). A, PIMUZ 31451. B, PIMUZ 31452. C, PIMUZ
31453. D, PIMUZ 31454. E, PIMUZ 31455. F, PIMUZ 31456. G, PIMUZ 31457. H, PIMUZ 31458. I, PIMUZ 31459, X2. J, PIMUZ
31460. K, PIMUZ 31461, X2. L, PIMUZ 31462. Scale bar represents 10 mm.
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FIG. 13. Scatter diagrams of H/D, W/D, U/D and W/H for Anasibirites kingianus (Waagen 1895) and A. kingianus (morph nevolini)
from Noe Tobe (Timor). D, shell diameter; H, whorl height; W, whorl width; U, umbilical diameter.

with a subtabulate venter with marked shoulders are thus
representative of intermediate variants between A. angulo-
sus and A. kingianus (Fig. 18). The presence of a tabulate
venter with angular shoulders therefore is probably not a
reliable diagnostic character.

Additionally, the statistical comparisons of the mea-
surements of our specimens provisionally assigned to
A. angulosus and A. kingianus indicate that the two spe-
cies cannot be differentiated based on their classical bio-
metric parameters (Figs 14, 19-20; the distributions of
the two species largely overlap in the LDA). Brithwiler
and Bucher (2012a) also mentioned that the ribs on adult
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specimens of A. angulosus sometimes thicken at mid-
flank, forming elongated tubercles. However, this feature
is too rarely observed to be used as a diagnostic
character.

Thus, it appears that A. angulosus is only a variant of
A. kingianus. As with the variant ‘nevolini’, the variant
‘angulosus’ results from an extreme ontogenetic variation
of A. kingianus. This variant corresponds to specimens of
A. kingianus that display an extension and/or accentua-
tion of the tabulate and angular venter of their juvenile
stages to later stages. It is worth noting that the outer
whorl of large specimens of the variant ‘angulosus’
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FIG. 14. Linear discriminant analysis based on the four shell ratios H/D, W/D, U/D and W/H for the morphotypes of A. kingianus
(Waagen, 1895), A. kingianus (morph angulosus), A. kingianus (morph nevolini) and A. multiformis Welter, 1922 (biplot with convex
hull of the taxa). Specimens from Noe Tobe (Timor): ‘angulosus’, ‘kingianus’, ‘multiformis’ and ‘nevolini’; specimens from Pakistan:
‘kingianusAmb’; specimens from Utah/Idaho: ‘multiformisBrc’, ‘multiformisG’ and ‘multiformisLwc’; specimens from Spitsbergen:
‘kingianusSpit’. The first and second discriminant axes account for about 95% of the total variation. The first axis is mostly controlled
by the most common values of the W/H and W/D ratios, with the highest values (depressed whorls) towards the right and the lowest
values (compressed whorls) towards the left. The second axis is also mostly controlled by the W/H and W/D ratios, but this is due to
the extreme marginal values; highest values (depressed whorls) towards the bottom and lowest values (compressed whorls) towards the
top. The restricted morphospace occupied by A. multiformis reflects its nearly isometric growth, whereas A. kingianus (all variants
included) occupies a very large space reflecting its allometric growth, which induces larger morphological changes and intraspecific
variation. D, shell diameter; H, whorl height; W, whorl width; U, umbilical diameter.

displays true ribs, more pronounced on the venter than
on the flanks (e.g. Figs 15F, 16B, F).

Highly variable ornamentation also exists in the ‘angu-
losus’ variant. Evolute specimens exhibit megastriae of
high magnitude (e.g. Figs 15D, H, 17H), while some
involute specimens exhibit lower-magnitude megastriae
(Fig. 17A-D).

In conclusion, A. angulosus does not show any diagnos-
tic differences with respect to A. kingianus. Consequently,
A. angulosus is here synonymized with A. kingianus.

Comparison between A. kingianus and A. multiformis

Anasibirites multiformis (Figs 10N-S, 21-23) was erected
by Welter (1922), but it was recently redefined by
Brayard and Bucher (2008, p. 57). According to the

¢

latter authors, A. multiformis is characterized by ‘a

tabulate-to-subtabulate venter and an identical orna-
mentation at all developmental stages consisting of
dense, concave, forward projected growth lines (striae)
with very few distinct ribs’ (see also Brithwiler and
Bucher 2012b).

Well-preserved specimens from Timor assigned to
A. multiformis (Figs 10N=S, 21) reveal that the growth
lines described by Brayard and Bucher (2008) for A. mul-
tiformis are actually very low-magnitude, thin and closely
spaced megastriae.

Specimens assigned to A. multiformis differ from
A. kingianus by their very low-magnitude megastriae on
early whorls, whereas variants of A. kingianus all exhibit
megastriae of highly variable magnitude on their inner
whorls (Fig. 5). At the mature stage, specimens assigned
to A. multiformis retain the same sculpture (e.g. Figs 22C,
23A-B; as described in Brayard and Bucher 2008) consist-
ing of very low-magnitude megastriae, whereas mature

16
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FIG. 15. Anasibirites kingianus (morph angulosus) (Waagen, 1895) from Noe Tobe (Timor). A, PIMUZ 31463. B, PIMUZ 31464. C,
PIMUZ 31465. D, PIMUZ 31466. E, PIMUZ 31467. F, PIMUZ 31468. G, PIMUZ 31469. H, PIMUZ 31470. I, PIMUZ 31471. ],
PIMUZ 31472. K, PIMUZ 31473. Stars indicate the position of last septum. Scale bar represents 10 mm.
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FIG. 16. Anasibirites kingianus (morph angulosus) (Waagen, 1895) from Noe Tobe (Timor). A, PIMUZ 31474. B, PIMUZ 31475. C,
PIMUZ 31476. D, PIMUZ 31477. E, PIMUZ 31478. F, PIMUZ 31479. Arrow indicates a repaired injury. Star indicates the position of
last septum. Scale bar represents 10 mm.
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FIG. 17. Anasibirites kingianus (morph angulosus) (Waagen, 1895) from Noe Tobe (Timor). A-D, specimens with low-magnitude
megastriae. A, PIMUZ 31480. B, PIMUZ 31481. C, PIMUZ 31482. D, PIMUZ 31483. E, PIMUZ 31484. F, PIMUZ 31485. G, PIMUZ
31486. H, PIMUZ 31487. Arrow indicates a repaired injury. Stars indicate the position of last septum. Scale bar represents 10 mm.
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FIG. 18. Anasibirites kingianus (Waagen, 1895) from Noe Tobe (Timor). Specimens with subtabulate venter with marked shoulders. A,
PIMUZ 31488. B, PIMUZ 31489. C, PIMUZ 31490. D, PIMUZ 31491. E, PIMUZ 31492. F, PIMUZ 31493. G, PIMUZ 31494. H, PIMUZ
31495. I, PIMUZ 31496. ], PIMUZ 31497. K, PIMUZ 31498. Stars indicate the position of last septum. Scale bar represents 10 mm.
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FIG. 19. Scatter diagrams of H/D, W/D, U/D and W/H for Anasibirites kingianus (Waagen, 1895) and Anasibirites kingianus (morph
angulosus) from Noe Tobe (Timor). D, shell diameter; H, whorl height; W, whorl width; U, umbilical diameter.

specimens of A. kingianus exhibit a shell without megas-
triae but with growth lines and ribs (more pronounced
on the venter) on some specimens.

Whorl sections indicate that the difference in megas-
triae on the inner whorls (Fig. 5) results from diverging
growth trajectories. Early stages of A. multiformis are
indeed characterized by compressed whorls, whereas early
stages of A. kingianus (including the variants ‘nevolini’
and ‘angulosus’) are characterized by somewhat quadratic
whorls (Fig. 11). This is also accompanied by an allomet-
ric growth for A. kingianus and nearly isometric growth
for A. multiformis (Fig. 24). The nearly isometric growth
of A. multiformis thus stands as a reliable diagnostic fea-
ture for this species.

21

Shape and spacing of megastriae are directly related
to the shape of the whorl section. The more com-
pressed the whorls, the less pronounced the megastriae.
The nearly isometric growth of A. multiformis therefore
produces megastriae with a constant shape throughout
ontogeny. Some extremely rare specimens of A. multi-
formis exhibit a few megastriae of slightly higher mag-
nitude on their early whorls (e.g. Fig. 10N). However,
these specimens never display megastriae of highly
variable magnitude such as those of A. kingianus, and
nevertheless, they also display dense megastriae of very
low magnitude on outer whorls. In most cases, the
presence of megastriae of unusually slightly higher mag-
nitude on the early whorls of some specimens of
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FIG. 20. Box plots of H/D, W/D, U/D and W/H for all morphological groups. Specimens from Noe Tobe (Timor): ‘angulosus’,
‘kingianus’, ‘multiformis’ and ‘nevolini’; specimens from Pakistan: ‘kingianusAmb’; specimens from Utah/Idaho: ‘multiformisBrc’,
‘multiformisG> and ‘multiformisLwc’; specimens from Spitsbergen: ‘kingianusSpit’. The boxes represent the interquartile range (i.e. the
values ranging from the first to third quartiles, which are the 25th and 75th percentiles, respectively); the whiskers extend from their
respective hinge to the value of 1.5x interquartile range. D, shell diameter; H, whorl height; W, whorl width; U, umbilical diameter.

A. multiformis can be explained by their unusually evo-
lute morphology (following Buckman’s first law of
covariation; Fig. 10N).

With regard to statistical comparisons, the American
specimens of A. multiformis provided additional mea-

surements, especially of larger specimens (>50 mm;
Figs 22-23).

As shown in Figures 20 and 25, A. multiformis pos-
sesses the most compressed whorls. Due to its extreme

intraspecific variation, the morphospace of A. kingianus

FIG. 21. Anasibirites multiformis Welter, 1922 from Noe Tobe (Timor). A, PIMUZ 31395. B, PIMUZ 31396. C, PIMUZ 31397. D,
PIMUZ 31398. E, PIMUZ 31399. F, PIMUZ 31400. G, PIMUZ 31401. H, suture lines from sample PIMUZ 31397 with scale bar repre-
senting 5 mm at H = 15 mm. I, PIMUZ 31402. J, PIMUZ 31403, K, PIMUZ 31404. Arrows represent repaired injury (A) or weak rib-
bing (B—C). Stars indicate the position of last septum; H, whorl height. Scale bar for A-G, I-K represents 10 mm.
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FIG. 22. Anasibirites multiformis Welter, 1922 from Georgetown (Idaho), except for B (Lower Weber Canyon, Utah). A, PIMUZ

31405. B, JJ2474C. C, JJ146C (cast). Star indicates the position of last septum. Scale bar represents 10 mm.
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FIG. 23. Anasibirites multiformis Welter, 1922 from Georgetown (Idaho), except for C (Lower Weber Canyon, Utah). A, PIMUZ
31408. B, PIMUZ 31409. C, JJ2475C. Stars indicate the position of last septum. Scale bar represents 10 mm.
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FIG. 24. Scatter diagrams with calculated allometric curves superimposed, histograms and quantile—quantile plots of H/D, W/D,
U/D and W/H. A, Anasibirites kingianus (Waagen, 1895) all variants included. B, A. multiformis Welter, 1922. See text for explanation
of these plots and evaluation of allometry and normality of H/D, W/D, U/D and W/H. D, shell diameter; H, whorl height; W, whorl
width; U, umbilical diameter.
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FIG. 25. Scatter diagrams of H/D, W/D, U/D and W/H for Anasibirites kingianus (Waagen, 1895) from Noe Tobe (Timor) and
A. multiformis Welter, 1922 from Noe Tobe (Timor) and American localities. Specimens from Noe Tobe (Timor): ‘kingianus’, ‘multi-
formis’; specimens from Utah/Idaho: ‘multiformisBrc’, ‘multiformisG’ and ‘multiformisLwc’. D, shell diameter; H, whorl height; W,

whorl width; U, umbilical diameter.

overlaps that of A. multiformis (Fig. 14). However, the
morphospace of A. multiformis (all localities included)
represents a distinctive subset. The compressed shell
shape of A. multiformis at all growth stages is taken as a
diagnostic character to validate this species. Adult speci-
mens of A. multiformis also seem to be slightly more
involute than adult specimens of A. kingianus (Fig. 25:
U/D).

Finally, A. kingianus mainly differs from A. multiformis
by: (1) its strong allometric growth characterized by
quadratic early whorls and compressed mature whorls
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(Fig. 24); (2) megastriae of highly variable magnitude on
early whorls (Fig. 5B-D); and (3) mature whorls without
megastriae, but with growth lines and ribs (more pro-
nounced on the venter) on some specimens. As for
A. multiformis, its nearly isometric growth (Fig. 24) is
characterized by compressed whorls and closely and regu-
larly spaced low-magnitude megastriae from early whorls
to maturity.

It should be noted that a few involute specimens of
A. kingianus belonging to the variant ‘angulosus’ are
rather similar to A. multiformis in that they have
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FIG. 26. Late Smithian palaecogeographical distribution of Anasibirites kingianus (Waagen, 1895) and A. multiformis Welter, 1922
(map modified from Brayard et al. 2009). Grey stars indicate localities where both A. kingianus and A. multiformis occur together;

white stars represent localities with occurrence of A. kingianus only.

a subtabulate venter and thin megastriae (Fig. 17A-D).
However, these rare specimens exhibit a less compressed
whorl section, megastriae of highly variable magnitude on
early whorls (although less conspicuous than typical
A. kingianus specimens) and disappearance of megastriae
on mature whorls, thus suggesting strong allometric
growth. All of these features are typical of the species
A. kingianus.

It is also noteworthy that extremely rare specimens of
A. multiformis display strong ribs, especially on adult
stages. This unusual ornamentation is attributed to
intraspecific variation within the species and is associated
with a remarkably wide whorl section and evolute coiling.
Two specimens from Lower Weber Canyon (Utah) are
extreme robust specimens (Figs 22B, 23C). One specimen
(Fig. 23C) has strong true ribs on its inner whorls and is
thus somewhat similar to the morphotype ‘angulosus’. The
other specimen (Fig. 22B) has extremely strong ribs on the
outer whorl. Similarly, these ribs are not megastriae, but
true ribs. Therefore, these two specimens do not belong to
A. kingianus. These unusually thick and evolute specimens
of A. multiformis are extremely rare.

A consequence of this revised taxonomy is that the
Anasibirites fauna from Utah as reported by Brayard et al.
(2013) apparently does not include typical representatives
of A. kingianus, but instead probably contains only speci-
mens attributable to A. multiformis. Thus, the Anasibirites
kingianus beds should be renamed accordingly.

CONCLUSION

Extensive morphological and biometric studies indicate
that the genus Anasibirites comprises only two valid
species, namely A. kingianus and A. multiformis. In
contrast to A. kingianus, A. multiformis combines a nearly
isometric growth with compressed whorls and megastriae
of very low magnitude at all developmental stages.
A. kingianus also appears to be rare in Oman, whereas
A. multiformis has not yet been recorded from the Boreal
Realm (Siberia, Spitsbergen) or from the Salt Range, Spiti
and Afghanistan (Fig. 26).

With regard to A. kingianus, most of the ‘horizontal’
variation (at the same developmental stage) is the direct
manifestation of variability in the timing of development.
This kind of intraspecific variation is classic in many
Mesozoic ammonoid clades (e.g. Westermann 1966; Ken-
nedy and Cobban 1976; Monnet et al. 2010). As a result
of this taxonomic revision, the loss of species diversity
caused by the first phase of the late Smithian extinction is
significantly higher than previously estimated. The late
Smithian extinction is concomitant with the inception of
a global positive shift of the carbon cycle (Fig. 1; Galfetti
et al. 2007) and a quick recovery of gymnosperms that
followed the middle Smithian C-isotope negative peak
and spore spike, respectively (Hermann ef al. 2011).
Abrupt changes in these climate proxies were coeval with
the origination of the cosmopolitan, short-lived and
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species-poor genus Anasibirites and the beginning of the
late Smithian ammonoid extinction.

SYSTEMATIC PALAEONTOLOGY
by Romain Jattiot and Hugo Bucher

Taxonomic descriptions follow the terminology of Arkell
et al. (1957b). Material described herein is reposited in
the PIMUZ, Paleontological Institute and Museum of the
University of Zurich, Karl Schmid-Strasse 4, 8006 Zurich,
Switzerland. For details regarding the conventional abbre-
viations used for the synonymy lists, the reader is referred
to Matthews (1973). Synonymy lists are updated based on
our taxonomic revision.

Order AMMONOIDEA Zittel, 1884
Suborder CERATITINA Hyatt, 1884
Superfamily MEEKOCERATACEAE Waagen, 1895
Family PRIONITIDAE Hyatt, 1900

Genus ANASIBIRITES Mojsisovics, 1896

Type species. Sibirites kingianus Waagen, 1895; from the Salt
Range, Pakistan.

Remarks. Anasibirites is herein considered to include only
two valid species: Anasibirites (Sibirites) kingianus Waa-
gen, 1895 (Figs 4, 6-9, 10A-M, 12, 15-18) and Anasi-
birites multiformis Welter, 1922 (Figs 10N-S, 21-23).
Anasibirites (Sibirites) angulosus Waagen, 1895 and Anasi-
birites nevolini Zakharov, 1968 are here synonymized with
A. kingianus.

Anasibirites kingianus (Waagen, 1895)
Figures 4, 6-9, 10A-M, 12, 15-18

*. 1895
. 1895
. 1895
. 1895

Sibirites kingianus Waagen, p. 108, pl. 8, figs 1-2.
Sibirites chidruensis Waagen, p. 109, pl. 8, figs 3—4.
Sibirites dichotomus Waagen, p. 111, pl. 8, figs 5-6, 9.
Sibirites inaequicostatus Waagen, p. 113, pl. 8,

figs 7-8.

. 1895 Sibirites ceratitoides Waagen, p. 115, pl. 8, fig. 10.
. 1895
. 1895

. 1895

Sibirites discoides Waagen, p. 116, pl. 8, fig. 11.
Sibirites angulosus Waagen, p. 117, pl. 8, figs 12-13.
Sibirites parvumbilicatus Waagen, p. 119, pl. 9, figs
5-6.

Sibirites ibex Waagen, p. 121, pl. 9, fig. 3.

Sibirites hircinus Waagen, p. 123, pl. 9, fig. 4.
Sibirites noetlingi Hyatt and Smith, p. 49, pl. 9, figs 1-3.
Sibirites spiniger Krafft and Diener, p. 131, pl. 31,
fig. 2 only.

. 1895
. 1895
21905

p 21909

29

non.

nomn.

nomn.

nomn.

1909

1909

1909

1909

. 1922

. 1922

. 1929

. 1929

non.

1929

. 1929

. 1929

. 1929

. 1929

NN

N

non.

1929
1929

1929

1929

1929
1932

. 1932

-~

-~

1932

1932

. 1932

. 1932

. 1964

. 1964
. 1964

. 1968

. 1968

. 1978

p-

1978

Sibirites robustus (=Wasatchites) Krafft and Diener,
p- 132, pl. 31, fig. 1.

Sibirites sp. indet. ex aff. robusto Krafft and Diener,
p. 133, pl. 31, fig. 6.

Sibirites spitiensis Krafft and Diener, p. 136, pl. 31,
fig. 8.

Sibirites sp. indet. Krafft and Diener, p. 138, pl. 31,
figs 4-5.

Anasibirites multiformis Welter, p. 138, pl. 15,

figs 9-27; pl. 16, figs 1-10, 14, 15 only.

Anasibirites robustus Welter, p. 144, pl. 17, figs 15—
17.

Anasibirites kingianus Waagen; Mathews, p. 8, pl. 7,
figs 14-22.

Anasibirites madisoni Mathews, p. 11, pl. 1, figs 23—
26.

Anasibirites perrini Mathews, p. 18, pl. 3, figs 34—
36.

Anasibirites pseudoibex Mathews, p. 21, pl. 3,

figs 28-31; pl. 7, fig. 46.

Anasibirites mcclintocki Mathews, p. 22, pl. 4,

figs 1-6.

Anasibirites alternatus Mathews, p. 23, pl. 4,

figs 22-23.

Anasibirites romeri Mathews, p. 23, pl. 4, figs 24-25.
Anasibirites hyatti Mathews, p. 30, pl. 5, figs 6-11.
Anasibirites mojsisovicsi Mathews, p. 30, pl. 5, figs
1-3.

Gurleyites chamberlini Mathews, p. 44, pl. 11, figs
3-5.

Gurleyites boutwelli Mathews, p. 45, pl. 8, figs 1-3.
Gurleyites milleri Mathews, p. 45, pl. 9, figs 10-12.
Anasibirites kingianus var. inaequicostatus Waagen;
Smith, p. 72, pl. 79, figs 16-17.

Anasibirites multiformis Welter; Smith, p. 74, pl. 79.
fig. 18.

Anasibirites mojsisovicsi Mathews; Smith, p. 73, pl.
80, figs 1-2.

Anasibirites noetlingi Hyatt and Smith; Smith, p. 74,
pl. 9, figs 1-3.

Anasibirites tenuistriatus Waagen; Smith, p. 74, pl.
79, figs 9-10.

Anasibirites angulosus Waagen; Smith; p. 70, pl. 79,
figs 13-15.

Anasibirites pacificus Bando, p. 73, pl. 3, figs 5-7;
pl 5, figs 8, 11, 13-14; pl. 6, figs 8-9, 11.
Anasibirites ehimensis Bando, p. 74, pl. 3, figs 12a—c.
Anasibirites sp. A Bando, p. 77, pl. 3, figs 8a—c.
Anasibirites nevolini Zakharov, p. 131, pl. 25, fig. 5
only.

Anasibirites kingianus Waagen; Kummel and Erben,
p- 135, pl. 22, figs 12-17; pl. 23, figs 1-18.
Anasibirites kingianus Waagen; Guex, pl. 3, figs 2, 9;
pl 4, fig. 6.

Anasibirites nevolini Zakharov; Zhakharov, pl. 11,
figs 11-13 only.



. 1990 Anasibirites ochotensis Bytschkov; Dagys and Erma-
kova, p. 47, pl. 13, figs 2-5.
. 1994 Anasibirites robustus Welter; Tozer, p. 78, pl. 28,
fig. 2a-b.
p 2007 Anasibirites kingianus Waagen; Lucas et al., p. 104,
fig. 3 h—j only.
v. 2008 Anasibirites nevolini Zakharov; Brayard and Bucher,
p. 57, pl. 28, fig. 7-9, text-fig. 49.

v p. 2012a Anasibirites kingianus Waagen; Brithwiler and
Bucher, p. 101, figs 84E-L, 84R-U only.

Vv p. 2012a Anasibirites angulosus Waagen; Brithwiler and
Bucher, p. 103, figs 84V-AA, 86A-U, 87A-D, K-M
only.

v. 2012b Anasibirites kingianus Waagen; Brihwiler et al.,
p. 155, figs 310, 32AA-BD.
. 2013 Anasibirites nevolini Zakharov; Zakharov et al.,
figs 6.1-6.2.

Emended diagnosis. As a general rule, early whorls evo-
lute, quadratic, with megastriae of highly variable magni-
tude, thus mimicking the intercalation of stronger ribs
(Fig. 5B-D). At mature stage, shell without megastriae,
but with growth lines and ribs (more pronounced on the
venter) on some specimens. Strong allometric growth,
expressed by evolute, depressed early whorls and com-
pressed, more involute adult whorls (Figs 11, 13, 24).

Description. This species exhibits an extremely wide intraspecific
variation. Early whorls are characterized by evolute coiling, a
usually quadratic but more rarely slightly compressed whorl sec-
tion, and megastriae of highly variable magnitude. With further
growth (>20 mm), whorl section becomes more compressed
(Fig. 13) and megastriae become approximated, with a lesser
magnitude. However, the diameter at which this change in
sculpture and whorl section occurs is highly variable. Thus, there
is a highly variable extension of robust earlier whorls (evolute
coiling, quadratic whorl section and megastriae of highly variable
magnitude), some specimens retaining this morphology and
sculpture up to 20-25 mm (40 mm for the most extreme speci-
men; morphotype ‘nevolini’; Fig. 12). At mature stage, the shell
is fairly compressed (Fig. 13) and megastriae fade away (e.g.
Fig. 7D-E). This species therefore exhibits a strong allometric
growth (Fig. 24). On some specimens, ribs develop at mature
stage (Fig. 9A, E). As a general rule, mature stages of
A. kingianus are thus characterized by a shell without megastriae,
with growth lines and with low rounded ribs (more pronounced
on the venter) in some specimens.

Ventral shape is highly variable, ranging from tabulate with
angular shoulders to arched with rounded shoulders. Juvenile
stages tend to exhibit a more tabulate venter with more angular
shoulders. Ventral morphology also shows an extreme ontoge-
netic variation. Some specimens retain a subtabulate venter with
marked but rounded shoulders until the mature stage (morpho-
type ‘angulosus’; Figs 15-17). These specimens tend to develop
ribs (more pronounced on the venter) on the outer whorl (e.g.
Fig. 15F; Fig. 16B, F).

The umbilicus is moderately deep with an oblique to nearly
perpendicular wall and rounded umbilical shoulders. Suture line
is ceratitic, with rather deep lateral lobes and broad and rounded
saddles (Fig. 6B).

Occurrence. (Fig. 26) Cosmopolitan species found in Nevada,
Utah and Idaho (e.g. Mathews 1929; Smith 1932), Siberia (Dagys
and Ermakova 1990), Spitsbergen (Weitschat and Lehmann
1978; Piazza 2015), British Columbia (Tozer 1994), Timor (Wel-
ter 1922; this work), Spiti (Brihwiler et al. 2012b), Salt Range
(Waagen 1895; Brithwiler et al. 2012¢), Kashmir (R]J unpub.
data), Afghanistan (Kummel and Erben 1968), Guangxi (Brayard
and Bucher 2008), Oman (RJ unpub. data), South Primorye
(Zakharov 1968; Zakharov ef al. 2013) and Japan (Bando 1964).

Number of studied specimens. 903.

Anasibirites multiformis \Welter, 1922
Figures 10N-S, 21-23

? 1895 Sibirites tenuistriatus Waagen, p. 124, pl. 9, figs 1-2.
*p. 1922 Anasibirites multiformis Welter, p. 138, pl. 16, figs

9-13, 16-19; pl. 17, figs 1-3, 8-10 only.

. 1927 Ophiceras multiplicatus Yehara, p. 162, pl. 14, figs 4,
4a.

. 1929 Anasibirites salisburyi Mathews, p. 9, pl. 1, figs 27—
29; pl. 2, figs 1-2.

. 1929 Anasibirites johannseni Mathews, p. 12, pl. 1, figs

34, 36-37.

. 1929 Anasibirites whitei Mathews, p. 12, pl. 1, fig. 35; pL.
2, figs 15-16.

. 1929 Anasibirites blackwelderi Mathews, p. 13, pl. 2, figs
10-14.

. 1929 Anasibirites fisheri Mathews, p. 13, pl. 2, figs 3-9.

. 1929 Anasibirites emmonsi Mathews, p. 14, pl. 2, figs 20—
26.

. 1929 Anasibirites welleri Mathews, p. 14, pl. 2, figs 17-19.

. 1929 Anasibirites powelli Mathews, p. 15, pl. 3, figs 1-5.

. 1929 Anasibirites whitfieldi Mathews, p. 16, pl. 3, figs 6—

8.

. 1929 Anasibirites crickmayi Mathews, p. 16, pl. 3, figs 24—
27.

. 1929 Anasibirites veranus Mathews, p. 17, pl. 3, figs 18—
23.

. 1929 Anasibirites perrini Mathews, p. 18, pl. 3, figs 34—
36.

. 1929 Anasibirites ketchumi Mathews, p. 18, pl. 3, figs 12—
17.

. 1929 Anasibirites weaveri Mathews, p. 19, pl. 3, figs 10—
11, 32-33.

. 1929 Anasibirites wardi Mathews, p. 19, pl. 2, figs 27-29.

. 1929 Anasibirites clarki Mathews, p. 25, pl. 4, figs 26-28.

. 1929 Anasibirites bretzi Mathews, p. 25, pl. 4, figs 14-18;
pl. 7, fig. 13.
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. 1929 Anasibirites vanbuskirki Mathews, p. 26, pl. 4, figs
36-38.
. 1929 Anasibirites rollini Mathews, p. 27, pl. 1, figs 30-33;
pl. 4, figs 10-13.
. 1929 Anasibirites gibsoni Mathews, p. 29, pl. 5, figs 4-5.
. 1932 Anasibirites hircinus Waagen; Smith, p. 72, pl. 79,
figs 11-12.
. 1932 Anasibirites emmonsi Mathews; Smith, p. 71, pl. 79,
figs 22-24.
? 1932 Anasibirites desertorum Smith, p. 71, pl. 51, figs 7—
10; pl. 56, figs 19-20.
. 1964 Anasibirites onoi Bando, p. 72, pl. 3, figs 13a-b,
14a-b, 15a—d, 16; pl. 5, fig. 7.
? 1964 Anasibirites intermedius; Bando, p. 75, pl. 5,
figs 9a—b.
. 1964 Anasibirites multiplicatus Yehara; Bando, p. 76, pl.
3, figs 4a-b, 9a-b, 11a-b, 13a-b, 17; pl. 5, figs 10,
15.
21964 Anasibirites sp. B Bando, p. 77, pl. 3, figs 1-2.
21964 Anasibirites sp. C Bando, p. 78, pl. 5, fig. 12.
p- 1978 Anasibirites nevolini Zhakarov, pl. 11, figs 9-10
only.
. 1981 Meekoceras sp. Dean, pl. 1, fig. 5.
. 1994 Anasibirites crickmayi Mathews; Tozer, p. 78, pl. 28,
fig. 1la-b.
. 2007 Anasibirites kingianus Waagen; Lucas et al., p. 104,
figs 3d—g; figs 4a-b, e-h, j-1.
v. 2008 Anasibirites multiformis Welter; Brayard
and Bucher, p. 56, pl. 28, figs 1-6, text-figs 48—
49.
. 2010 Anasibirites kingianus Waagen; Stephen et al.,
fig. 7a-b.
v. 2012b Anasibirites multiformis Welter; Brihwiler and
Bucher, p. 33, pl. 19, figs 1-6.
p. 2013 Anasibirites kingianus Waagen; Brayard et al.,
p. 195, fig. 62a—g, j-k only.
. 2013 Anasibirites multiformis Welter; Brayard et al.,
p. 195, fig. 64a—g.
. 2013 Anasibirites simanenkoi Zakharov et al., p. 603,
figs 6.3-6.8.

Description. This species exhibits
(Figs 11, 24) and a moderately involute shell. Venter is tabulate
to subtabulate, with angular shoulders on inner whorls and
subtabulate with bluntly angular shoulders on mature whorls.
Umbilicus is relatively shallow with an oblique wall and rounded
shoulders. Flanks are subparallel and flat on inner whorls. Sculp-
ture typically consists of dense megastriae of very low magnitude
(Fig. 5A) throughout ontogeny (even on mature whorls). Suture
line is ceratitic with rather deep lateral lobes and broad and
rounded saddles (Fig. 21H).

nearly isometric growth

Occurrence. (Fig. 26) Cosmopolitan species found in Nevada,
Utah and Idaho (e.g. Brayard et al. 2013), British Columbia
(Tozer 1994), Timor (Welter 1922; this work), Salt Range?
(Waagen 1895), Kashmir (RJ unpub. data), Guangxi (Brayard
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and Bucher 2008), Oman (Bruthwiler et al. 2012a), South Pri-
morye (Zakharov et al. 2013) and Japan (Bando 1964).

Number of studied specimens. 52.
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