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Taxonomy of the Late Cretaceous desmoceratine ammonoid genus “Damesites” and allied taxa is revised and updated
based on newly collected population samples from the Yezo Group, Hokkaido, Japan, together with their type speci-
mens. Previously known seven species and subspecies of “Damesites” from the upper Turonian to lower Campanian
in the northwest Pacific province are reassigned to one revised species of Damesites and two species of Paradamesites
gen. nov. based on clear differences in developmental patterns of ribs and growth lines. The genus Damesites should
be strictly applied to the north Pacific Realm’s species like Damesites damesi. On the other hand, the long-established
species “Ammonites sugata” (= “Damesites sugata”), ranging from the middle Turonian to Santonian in the African-
Indian, European, northwest and northeast Pacific provinces, is re-assigned here to a new genus Paradamesites forming
new combination Paradamesites sugata. Late Turonian “Damesites ainuanus” and Coniacian “Damesites sp.” from
the Yezo Group are junior synonyms of P. sugata. Paradamesites rectus gen. et sp. nov., previously called “Damesites
sugata” from the Santonian—Campanian strata of the Yezo Group is a descendant of P. sugata. The revised species
of Damesites and species of Paradamesites gen. nov. co-occur sympatrically in the Late Cretaceous of north Pacific
Realm. Both the revised Damesites and its ancestral genus Tragodesmoceroides originated in the north Pacific Realm,
and most species during the Turonian—Campanian were endemic to the north Pacific Realm. Paradamesites, in contrast,
originated in the African-Indian province and became widespread. Paradamesites sugata appears to have migrated
from the African-Indian province to the north Pacific Realm during the latest Turonian—Coniacian and subsequently
dispersed as a cosmopolitan species. Similar evolutionary patterns are also recognized in some other ammonoid fami-
lies (e.g., Gaudryceratidae, Tetragonitidae, Desmoceratidae, and Kossmaticeratidae) during the Late Cretaceous of the
northwest Pacific province.
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Introduction

Cretaceous desmoceratine ammonoids are widespread
(Arkell et al. 1957; Wright et al. 1996) and particularly
abundant in the Cenomanian—Campanian successions of the
northwest Pacific province including the locality of the Yezo
Group in Hokkaido, Japan, and Sakhalin, Russia (Fig. I).
Desmoceras (Pseudouhligella) japonicum (Yabe, 1904), for
example, often constitutes up to 90% of the total number
of individuals in Cenomanian ammonoid assemblages in
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offshore muddy facies (Maeda 1991). Among desmocer-
atines, the keeled genus “Damesites” (Figs. 2—11) erected
by Matsumoto (1942a) has been used as a key for biostra-
tigraphic correlation of the Upper Cretaceous Series in the
northwest Pacific province (e.g., Matsumoto 1954, 1959b;
Toshimitsu et al. 1995; Yazykova 2004). Until now, five
species and one subspecies were described from the Yezo
Group in Hokkaido and Sakhalin (Matsumoto 1954, 1957;
Matsumoto and Obata 1955; Saito and Matsumoto 1956).
On the other hand, “Damesites sugata (Forbes, 1846)”,
which was first described from South India as “Ammonites
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Fig. 1. Maps of southern Sakhalin and Hokkaido. A. Map of southern
Sakhalin and Hokkaido. B. Geological map showing Yezo Group deposits
and location of the study area.
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sugata” (Figs. 2D, 5C), shows a global distribution, e.g.,
from Madagascar, Angola, Spain, Hokkaido-Sakhalin (Yezo
Group), and British Columbia (Forbes 1846; Stoliczka 1865;
Kossmat 1895-1898; Matsumoto 1942a; Matsumoto and
Obata 1955; Collignon 1961, 1983; Haggart 1989; Kennedy
and Henderson 1991; Ludvigsen and Berard 1997; Cooper
2003b). “Damesites ainuanus Matsumoto, 1957” (Fig. 3) also
shows worldwide distribution extending from Hokkaido-
Sakhalin (Matsumoto 1957; Jagt-Yazykova 2011) to Angola
(Howarth 1968; Cooper 2003a).

After the major taxonomic studies of the 1950s (Matsu-
moto 1954; Matsumoto and Obata 1955), large numbers of
“Damesites” specimens have been reported and listed by
various geological and paleontological studies (e.g., Tanabe
et al. 1977, Wani and Hirano 2000; Okamoto et al. 2003;
Tsujino 2009). However, many individuals do not com-
pletely match previous generic and/or specific diagnoses
so that recent papers have been obliged to list them vaguely
as “Damesites sp.” (e.g., Sekine et al. 1985; Okamoto et al.
2003). Besides the Yezo Group, “Damesites spp.” were also
described from other regions worldwide (e.g., Haggart 1989;
Szasz 1981) but their identifications suffer from similar tax-
onomic issues. This ambiguity is mostly related to a wide
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intraspecific variation in their shell morphology including
diagnostic features (Nishimura et al. 2010).

To resolve the taxonomic problems in “Damesites”, we
analysed material from the Yezo Group since it provides rich
material both in quantity and quality, i.e., the abundant occur-
rence of a total six species and one subspecies from the con-
tinuous successions and the good preservation of the shells
allowing detailed observation of ontogenetic shell-growth
from the embryo to the terminal shell stage. Nishimura et
al. (2010) re-evaluated the morphological features that had
been regarded as taxonomic criteria for classification in the
“Damesites” group. They stressed that the “Damesites” group
was better diagnosed taxonomically by certain patterns of
ontogenetic change, e.g., the modes of rib-coarsening during
growth, rather than any single typological feature.

Adopting the results of Nishimura et al. (2010), we have
now revised the previous “Damesites” and allied taxa from
the Yezo Group on the basis of newly collected population
samples together with their type specimens.

Institutional abbreviations—CAS, California Academy of
Science, San Francisco, USA; GK. H, Kyushu University
Museum, Fukuoka, Japan; HMG, Hobetsu Museum, Mu-
kawa, Hokkaido, Japan; KUM MM TN, Kyoto University
Museum, Japan; MCM, Mikasa City Museum, Hokkaido,
Japan; NHM (formerly BMNH), Natural History Museum,
London, UK; NMNS (formerly NSM), National Museum of
Nature and Science, Tsukuba, Japan; UMUT MM (formerly
GT I-), University Museum, University of Tokyo, Japan.

Other abbreviations—B, whorl breadth; D, diameter; FAD,
first appearance datum; H, whorl height; LAD, last appear-
ance datum; U, width of umbilicus; w, whorl expansion
ratio; (R,/R,,.;)?, where R, is radius from the center of initial
chamber at nz stage (Raup 1966).

Nomenclatural acts—This published work and the nomen-
clatural acts it contains, have been registered in ZooBank:
urn:1sid:zoobank.org:pub:C40A461E-092F-4D80-B2A4-
757D890BBS5S5S.

Material and methods

For the sake of convenience, previous nominal taxonomic
names are regarded as morphotypes, using inverted double
commas, e.g., “Damesites”, differentiating them in that way
from the updated taxa after the revision.

A few type specimens of “Damesites” species originate
from float concretions whose exact stratigraphic levels re-
main uncertain in previous studies. Through the recent field
survey, the stratigraphic distribution of “Damesites” and
allied taxa has been re-examined in detail by TN in the
well-exposed Turonian to lower Campanian strata in the
Haboro-Tappu area, northwest Hokkaido, Japan (Nishimura
et al. 2010: fig. 2; Fig. 1B, SOM: fig. S1 in Supplementary
Online Material available at http://app.pan.pl/SOM/app70-
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Nishimura Maeda SOM.pdf). In the course of the field
survey, 244 population samples (i.e., in situ calcareous con-
cretions) were collected from various horizons (Figs. 1214,
SOM: figs. S2, S3). The stratigraphic scheme in the Haboro-
Tappu area follows Tanaka (1963). The biostratigraphic
scheme is basically followed by Toshimitsu et al. (1995)
combined with the Campanian subdivision by Shigeta et al.
(2016, 2019). Mid- to Late Cretaceous paleobiogeographic
provinces and realms follow Jagt-Yazykova (2011).

Type specimens of (“Damesites damesi damesi Matsu-
moto, 1942a”, “D. damesi intermedius Matsumoto, 1954,
“D. semicostatus Matsumoto, 1942a”, “D. laticarinatus Saito
and Matsumoto, 1956, and “D. ainuanus Matsumoto, 1957”
from the Yezo Group, and previously studied specimens
(e.g., Jimbo 1894; Matsumoto 1942a, 1954; Matsumoto and
Obata 1955) were examined in UMUT and GK. “Damesites”
specimens investigated by Ikeda and Wani (2012) from the
Kotanbetsu area, Hokkaido were examined at the MCM. The
plastolectotype, plastoparatype, and topotype of the long-
established Indian species “Damesites sugata’ (= “Ammonites
sugata”, Paradamesites sugata, see below) in the collections
of the NHM and the other Indian specimens, described in
Stoliczka (1865) and Kossmat (1895—-1898) housed in the
GSI, were observed. In addition, types of two northeast
Pacific province’s species of “Damesites”, i.e., Kotoceras
richardsoni Anderson, 1958, and K. frazierenze Anderson,
1958, both which were subsequently treated as synonyms
of “Damesites damesi intermedius” by Matsumoto (1959a),
housed at CAS were also re-examined.

Results

Summary of stratigraphic occurrence of Damesites and
Paradamesites species in the northwest (the Yezo Group) and
northeast Pacific provinces.—Based on a detailed field sur-
vey by TN, stratigraphic occurrences of “Damesites” species
in the Yezo Group of the northwest Pacific province are estab-
lished below (Fig. 14). Stratigraphic horizons of each morpho-
type including type species also shown in Fig. 14. “Damesites
ainuanus” occurs in the uppermost Turonian (Matsumoto
1954; Futakami et al. 1980). “Damesites sp.”, characterized
by a siphonal keel (Nishimura et al. 2010), occurs from the
upper Coniacian (Ud—e unit in Haboro-Tappu area). The type
specimen of “Damesites damesi intermedius” occurs from
the middle Campanian (GK. H 3269, holotype from the Ur,’
unit of Matsumoto 1942b, which was previously correlated
to the Sphenoceramus orientalis Zone that is Santonian in
Matsumoto 1942b). The stratigraphic range of this “subspe-
cies” was said to be Coniacian to Santonian (Matsumoto and
Obata 1955), however, its last appearance datum (LAD) of
the Sphenoceramus orientalis Zone is treated as the middle
Campanian in recent studies (e.g., Shigeta et al. 2019). A
similar morphotype (Fig. 7B, KUM MM TN 145) is also
found from the lowest Santonian (Ud—e unit). This morpho-
type does not continuously occur from the lower Santonian

to middle Campanian and shows discontinuous and spo-
radic occurrence from the two horizons: lower Santonian
and middle Campanian. “Damesites damesi damesi” occurs
from the lower Santonian to the lower Campanian sequence
(Uf to Ui—j units) in the Haboro, Kotanbetsu and Tappu ar-
eas, and in the middle Campanian (Sphenoceramus schmidti
Zone) in the Nakagawa area, while “Damesites semicostatus”
is known from the lower Santonian (Uf unit). “Damesites
sugata” from Yezo Group, which appears to be different from
the Indian species and be assigned to Paradamesites rectus
gen. et sp. nov. herein, occurs from the Santonian to the
lower Campanian (Uf to Ui—j units). “Damesites damesi” and
“Damesites sugata” from the Yezo group (= P. rectus gen. et
sp. nov. herein) share similar stratigraphic ranges, though the
former is more abundant.

Based on the updated stratigraphic data and revised
systematics (Nishimura et al. 2010 and Systematic Pale-
ontology herein), the following biostratigraphic conclu-
sions can be drawn regarding the Cretaceous Yezo Group:
Paradamesites sugata (Forbes, 1846) ranges from the up-
permost Turonian to the Coniacian, while P. rectus gen. et
sp. nov. and Damesites damesi (Jimbo, 1894) range from
the Santonian to the middle Campanian (Fig. 14). Details of
localities and provenance of the newly collected specimens
were described in SOM: figs. S1-S4.

The northeast Pacific province (e.g., British Columbia
and California) would have been inhabited by the same
desmoceratine species found in the northwest Pacific prov-
ince. In British Columbia, Canada, D. damesi range from
the Santonian—lower Campanian (Haggart 1989; described
in detail in systematic chapter). In California, USA, three
“species” of desmoceratine species were described from the
lower part of the “Senonian (= Coniacian to Maastrichtian)”
by Anderson (1958) under “Kotdceras richardsoni sp. nov.”,
“K. frazierense sp. nov.”, and “K. subsugatum sp. nov.” Re-
examination of type specimens of nominal species suggests
that “K. richardsoni” is identical to P. sugata, while “K. fra-
zierense” is identical to D. damesi. “Kotéceras subsuga-
tum” resembles P. sugata though the holotype of the former
species was lost in the San Francisco fire of 1906 (see the
Systematic Palaecontology section herein) and could not been
re-examined.

Revised Paradamesites sugata (Forbes, 1846) in northwest
Pacific province and South India (type region)—The name of
“Damesites sugata” (formerly “Ammonites sugata”) has been
misleadingly used in the northwest Pacific province’s popu-
lations (see Systematic palacontology for details). Matsumoto
and Obata (1955: 128-133) recognized a Santonian—lower
Campanian keeled desmoceratine specimen having a com-
pressed whorl with parallel flanks, a wider umbilicus, and
a low keel. They assigned it to the previously known Indian
species “Ammonites sugata.” Simultaneously, the species
was assigned to the keeled genus Damesites (Matsumoto
and Obata 1955: 128). However, there is an inconsistency
in its stratigraphic range because the Indian population in-
cluding the types appeared earlier. Our taxonomic reexam-
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ination of large population samples demonstrated that the
true Paradamesites sugata includes “D. ainuanus” and
“Damesites sp.” from the upper Turonian—Coniacian of the
Yezo Group, and “D. sugata” from the Southern Hemisphere
and Europe. “Damesites sugata” from the Santonian—lower
Campanian of the Yezo Group (Matsumoto and Obata 1955)
should be removed from the true P. sugata and assigned to its
descendant species: P. rectus gen. et sp. nov.

Paradamesites sugata is a key taxon for understand-
ing the desmoceratine evolution during the Turonian—mid-
dle Campanian, because of its worldwide distribution.
Tragodemoceroides subcostatus Matsumoto, 1942a, native
to northwest Pacific province is stratigraphically succeeded
by P. sugata in the upper Turonian of the province (Fig. 14).
Both species continuously occur without stratigraphic over-
lap, while there is no direct phylogenetic relationship be-
tween the two species.

Two parallel groups of Turonian—Campanian desmocera-
tines—"Damesites spp.” and allied taxa are classified into
two contemporaneous parallel lineages, namely the S-group
and C-group, on the basis of the development of growth lines
on the shell surface whorl expansion ratio (w), and shape of
growth line (Nishimura et al. 2010). The difference in w of
both groups was also supported by statistical analysis of the
w (Nishimura et al. 2010: 52).

The S (sigmoid)-group shows flexuous, sigmoid (adorally
biconcave) growth lines (Figs. 2A, 7-9, 14) and a greater w
(Nishimura et al. 2010: fig. 17E, F). Damesites damesi (Jimbo,
1894) (= “D. damesi damesi [Jimbo, 1894]”, “D. damesi in-
termedius Matsumoto, 19547, “D. semicostatus Matsumoto,
1942a”, and “D. laticarinatus Saito & Matsumoto, 1956)
belong to the S-group. Turonian Tragodesmoceroides also
possesses these characters and belongs to this group.

The C (concave)-group is excluded from the S-group by
having adorally concave simple growth lines (Figs. 2B, D,
3—6, 14) and a much lower w (Nishimura et al. 2010: fig. 17E,
F). This group includes cosmopolitan Paradamesites sugata
(Forbes, 1846) (Figs. 3-5) (including Indian “D. sugata”,
“Damesites ainuanus, Matsumoto, 1957, and Coniacian
“Damesites sp.”) and Santonian—early Campanian P. rectus
gen. et sp. nov. (Figs. 6, 13). The individuals of the latter
species known from the Yezo Group had previously been
erroneously assigned to “D. sugata” (e.g., Matsumoto and
Obata 1955: 128).

As described in detail in the discussion, this subdivi-
sion is concordant with their paleobiogeographical distribu-
tion. The S-group is native to north Pacific Realm, and the
C-group distributes mainly in the African-Indian province
and shows worldwide distribution.

Systematic paleontology

Stages of desmoceratine shell growth are divided into the
early (D < 30 mm), middle (D range 30—60 mm), and late
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stages (D > 60 mm) (Nishimura et al. 2010). Morphological
terms follow Nishimura et al. (2010). Whorl volution is ex-
pressed by 7 scale (= every 180 degrees in rotation angle)
from the initial chamber (Maeda 1993).

Order Ammonoidea Zittel, 1884

Suborder Ammonitina Hyatt, 1889
Superfamily Desmoceratoidea Zittel, 1895
Subfamily Desmoceratinae Zittel, 1895
Genus Damesites Matsumoto, 1942a

Type species: Desmoceras damesi Jimbo, 1894, by original designa-
tion of Matsumoto (1942a). Tappu area, Hokkaido, Japan, probably
Santonian, a float.

Species included: Damesites damesi (Jimbo, 1894) and Damesites het-
onaiensis Matsumoto, 1954.

Emended diagnosis.—Desmoceratine having sigmoidal
growth lines, crater-like narrow umbilicus, very sharp or
moderate to obtuse ventral keel in the adult stage. Single
concave or weakly sigmoidal constrictions develop particu-
larly in the early to middle growth stages.

Remarks.—Damesites Matsumoto, 1942a: 24 (1938: 193,
nom. nud.), ICZN Opinion 555, 1959, Generic Name No. 1349.

Damesites damesi (Jimbo, 1894)
Figs. 2A, 7-9.

1890 Desmoceras sugata Forbes, 1846; Yokoyama 1890: 185, pl. 20:
11.

1894 Desmoceras Damesi sp. nov.; Jimbo 1894: 172, pl. 1: 2, 3.

1932 Desmoceras (Kotéceras) semicostatus Yabe M.S.; Nagao 1932:
178.

1942 Damesites damesi (Jimbo, 1894); Matsumoto 1942a: 27, text-
fig. le.

1942 Damesites semicostatus (Yabe M.S.); Matsumoto 1942a: 27,
text-fig. 1h.

1954 Damesites damesi (Jimbo, 1894); Matsumoto 1954: 267, pl. 5:
1-3.

1954 Damesites damesi intermedia subsp. nov.; Matsumoto 1954:
270, pl. 6: 4.

1955 Damesites semicostatus (Yabe M.S.) Matsumoto, 1942a; Matsu-
moto and Obata 1955: 126, pl. 25: 1-5; pl. 26: 1-3; pl. 30: 6.

1955 Damesites damesi intermedius Matsumoto, 1955; Matsumoto
and Obata 1955: 131, pl. 27: 1a—b.

1956 Damesites laticarinatus sp. nov.; Saito and Matsumoto 1956:
192-193, text-fig. la—c.

1958 Kotoceras frazierense sp. nov.; Anderson 1958: 217, pl. 40: 5,
Sa.

1960 Damesites damesi (Jimbo, 1894); Obata 1960: fig. 4b, pl. 15: 4.

1963 Damesites semicostatus (Yabe M.S.) Matsumoto, 1942a; Tanaka
1963: pl. 1: 3a-b.

1978 Damesites semicostatus Matsumoto, 1942a; Obata et al. 1978:
fig. 3, pl. 2: la—c

1987 Damesites semicostatus Matsumoto, 1942a; Tanabe and Shigeta
1987: figs. 2, 5A, B.

1989 Damesites sugata (Forbes, 1846); Haggart 1989: 195-196, text-
figs. 14-23, pl. 8.4.

1993 Damesites sugata (Forbes, 1846); Alabushev and Wiedmann
1993: fig. 1A-E.
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tongue-like elevation

Fig. 2. Schematic illustration of “Damesites” and Tragodesmoceroides shells. A. Damesites damesi. B. Paradamesites rectus sp.nov. C. Tragodesmoceroides
subcostatus. D. Paradamesites sugata. In left lateral (A;—D;) and ventral (A,—D,) views.

21996 Damesites damesi (Jimbo, 1894); Cooper and Greying 1996: fig.
71-L.

1996 Damesites semicostatus Matsumoto, 1942a; Wright et al. 1996:
fig. 64: 2c—e.

2000 Damesites damesi intermedius Matsumoto, 1954; Seki et al.
2000: pl. 1: 4.

2000 Damesites semicostatus Matsumoto, 1942a; Seki et al. 2000: pl.
1: 5-6.

2000 Damesites sugata (Forbes, 1846); Seki et al. 2000: pl. 1: 7-8.

2002 Damesites damesi (Jimbo, 1894); Henderson et al. 2002: fig.
3A-C.

2003 Damesites damesi (Jimbo, 1894); Nishimura 2003: fig. 2C—F.

2003 Damesites semicostatus Matsumoto, 1942a; Nishimura 2003:
fig. 2A, B.

72005 Damesites cf. sugata (Forbes, 1846); Maeda et al. 2005:102,
104, fig. 53: 1-6.

2009 Damesites sugata (Forbes, 1846); Tsujino 2009: fig. 6A.

2010 “Damesites damesi (Jimbo, 1894)”; Nishimura et al. 2010: figs.
4A-C, 8A-D, 9F, 11B, D, 12D, 13D-F, 15B, D, 16A-B.

2010 “Damesites damesi intermedius Matsumoto, 1955”’; Nishimura
etal. 2010: figs. 1D, E, 16C, E.

2010 “Damesites semicostatus Matsumoto, 1942a”; Nishimura et al.
2010: figs. 4F-H, 8E-F, 9E, 12A, 13A-C.

2010 “Damesites laticarinatus Saito and Matsumoto, 1956”’; Nishimu-
ra et al. 2010: figs. 6E—-G, 16D.

2011 Damesites damesi (Jimbo, 1894); Honda et al. 2011: fig. 9B, C.

72019 Damesites sp.; Shigeta 2019 in Shigeta et al. 2019: fig. 27A—-AN.

2023 Damesites aff. sugata (Forbes, 1846); Tanabe and Misaki 2023:
fig. 7.
2025 Damesites damesi (Jimbo, 1894), Nishimura 2025: fig. 20B-D.

Lectotype: UMUT MM 7500 (GT. 1-91), originally described a middle-
sized specimen by Jimbo (1894) without designation of the type. Re-
ferred to as the holotype by Matsumoto (1954: 267) but should be
treated as the lectotype.

Type locality: Float in Obirashibe-gawa River in Tappu area, Hokkaido,
Japan.

Type horizon: Most likely Santonian.

Material —In addition to the lectotype, more than 100 spec-
imens in GK, UMUT from various Santonian—Campanian
localities in Hokkaido and Sakhalin, as well as 134 speci-
mens (KUM MM TN 145-279) from the Haboro-Tappu and
Nakagawa areas collected by us (Table I).

Emended diagnosis.—Sigmoidal ribs vary from very weak
to coarse, the w becoming large in the middle to late growth
stages. Moderate to obtuse keel developing on adult venter.
Faint furrows sometimes may appear on both sides of the
keel. The w increasing with growth. U/D ratio decreasing
with growth. Suture line complex, bifid external lobe and
trifid lateral lobe and umbilical lobes.

Measurements.—See Table 2.
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Table 1. List of the studied material. All material from Japan, except otherwise indicated.

Damesites damesi

lower to middle Campanian,
Yezo Group

KUM MM TN 264-279; UMUT MM 6761, 6739
previously listed to “Damesites damesi intermedius”: GK. H 3269
previously included to Desmophyllites diphylloides: UMUT MM 5552, 5553, 5557, 5575, 5578

upper Santonian, Yezo Group

KUM MM TN 218-263; UMUT MM 6737, 6738, 6740, 6741, 6744, 7689, 7890
previously listed to “Damesites sugata”: UMUT MM 5598; GK. H 3272, 3273, 3319
previously listed to “Damesites laticarinatus™: GK. H 20026 (holotype)

previously listed to “Damesites damesi intermedius”: UMUT MM 6747

lower Santonian, Yezo Group

KUM MM TN 145-217; UMUT MM 7500 (lectotype); UMUT MM 6735, 6743, 6745, 7504, 7630;

GK. H 3251-3254, 3256, 3258-3260, 3264

previously listed to “Damesites semicostatus”: UMUT MM 5579 (holotype of “Damesites semicostatus”);
UMUT MM 5580-5585, 5587-5589; GK. H 4102, 4105-4115

Paradamesites sugata

South India, possibly Coniacian

BMNH C22674 (lectotype); BMNH C 22675 (paralectotype); BMNH C 24196a, b (paralectotypes); KUM
MM TN 292 (topotype)

upper Coniacian, Yezo Group

KUM MM TN 109-144

lower Coniacian, Yezo Group

KUM MM TN 101-108
previously listed to “Damesites damesi”: UMUT MM 6764 , 6748-3753, 6756, 6757

uppermost Turonian,
Yezo Group

KUM MM TN 099, 100
previously listed to “Damesites ainuanus”: GK. H 4198 (holotype); GK. H 4199, 4200 (paratypes);
NSM PM 9264, 9293, 9483; HMG-1623, 1794, 1795 (topotypes)

Paradamesites rectus sp. nov.

Santonian to lower Campanian,
Yezo Group

KUM MM TN 281 (holotype); KUM MM TN 280, 282-291 (paratypes)

previously listed to “Damesites sugata”: UMUT MM 5590, 5591, 5593-5596; GK. H 2407, 3275, 3290,
5129-5132

previously listed to “Damesites damesi”: UMUT MM 6742 (GT 1-2572)

previously identified to “Damesites cf. damesi”: UMUT MM 6759

Table 2. Dimensions (in mm) of Damesites damesi and two species of Paradamesites gen. nov. Abbreviations: B, whorl breadth; D, shell diameter;

H, whorl height; U, width of umbilicus; w, whorl expansion rate.

D U B H U/D B/H w
Damesites damesi UMUT MM 7500 (lectotype) 63.68 538 | 25.56 | 3596 | 0.0845 | 0.71 | 2.59
KUM MM TN 159 49.59 3.59 | 22.11 | 28.21 | 0.0724 | 0.78 | 2.52
KUM MM TN 168 25.17 1.98 | 12.51 | 13.76 | 0.0786 | 091 | 2.11
KUM MM TN 244 30.00 | 2.89 | 1346 | 16.57 | 0.0962 | 0.81 | 2.46
UMUT MM 5579 (holotype of “D. semicostatus”) | 40.27 3.40 19.08 | 22.74 | 0.0843 | 0.84 | 2.59
GK. H 3269 (holotype of “D. damesi intermedius”) | 48.63 4.12 | 22.68 | 27.43 | 0.0847 | 0.83 | 2.58
KUM MM TN 168 47.72 3.84 | 22.81 | 26.89 | 0.0805 | 0.85 | 2.51
Paradamesites sugata | BMNH C22674 (lectotype) 37.40 4.09 14.67 | 19.21 | 0.1088 | 0.76 | 2.09
GK. H 4198 (holotype of “D. ainuanus”) 79.17 9.16 | 2747 | 4131 | 0.1157 | 0.66 | 2.07
KUM MM TN 129 71.02 6.87 | 2831 | 37.84 | 0.0967 | 0.75 | 2.07
KUM MM TN 109 39.34 3.19 | 1642 | 19.34 | 0.0810 | 0.83 | 1.39
Paradamesites rectus | KUM MM TN 281 (holotype) 59.28 9.11 | 2922 | 22.81 | 0.1536 | 0.78 | 1.94
Sp. nov. KUM MM TN 285 (paratype) 65.15 | 10.83 | 23.40 | 32.96 | 0.1660 | 0.71 | 2.38
KUM MM TN 287 (paratype) 21.28 2.58 8.40 10.99 | 0.1210 | 0.76 | 2.04

Description.—In early growth stage (e.g., D 1 mm), whorl
is depressed (B/H = 2.0) (Fig. 10A, B, F), and the whorl
becomes compressed with shell growth. In middle to late
growth stage, whorl is moderately compressed (B/H is about
0.75 at D 50 mm) (Fig. 10A, B; see Nishimura et al. 2010:
fig. 17B, D). Umbilical shoulder appearing in 3—4n stage
(about D 1.5 mm) and a sharp umbilical break appears in
5—6m stage (about 2.5 mm in D) (Fig. 10F). U/D ratio de-
creasing with growth (Fig. 10D; see Nishimura et al. 2010:
fig. 17C), changing from 0.3 (at 1 mm in D) to 0.08 (at 40 mm
in D) (Fig. 10D). Moderate to obtuse keel appearing at 10 to

40 mm in D (Figs. 8D,, 9D,). Faint furrows sometimes ap-
pear on both sides of the keel particularly in individual with
both shoulders inflated (Figs. 7A,, 8A;; lectotype figured
in Nishimura et al. 2010: fig. 4C). The w increasing with
growth, starting at about 2.0 in the early growth stage (about
20 mm in D), and increasing to 2.5 in the middle to late
growth stage (about 50 mm in D) (Fig. 10E; see Nishimura
et al. 2010: fig. 17F).

The curvature of growth line changing from single con-
cave to sigmoidal at 15 mm to 50 mm in D (Figs. 8C,, 9B;;
see Nishimura et al. 2010: fig. 13B, E). The single concave
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Fig. 3. Desmoceratine ammonoid Paradamesites sugata (Forbes, 1846) from the uppermost Turonian of the Yezo Group in Hokkaido, Japan (= “Damesites
ainuanus Matsumoto, 1957”). A. HMG-1623, topotype of “Damesites ainuanus” from the type locality (loc. IK 2013), in left lateral (A;) and ventral
(A,) views. B. GK. H 4200, paratype of “Damesites ainuanus” (loc. IK 2013), in left lateral (B;) and apertural (B,) views. C. GK. H 4198, paratype of
“Damesites ainuanus” (loc. IK 2013), in right lateral (C;) and ventral (C,) views. An open circle marks the position of constrictions.

growth line runs nearly straight on both flanks and be-
comes gently projected forwards in the ventral periphery
(Figs. 8Dy, E;, 9C,, D). The succeeding sigmoidal growth
line is slightly biconvex in lateral view, weakly or strongly
flexuous on both flanks and strongly projected forward
at the venter (Figs. 7A;, B;, 8A,, B, C,, F,, 9A,, By; see
Nishimura et al. 2010: figs. 4B, 13C, F). A rostrum appears
at mid-venter in the middle to adult stage (Fig. 9B,).

Frequent desmoceratid constrictions occur as sharp
grooves on internal mould in the early to middle growth
stages (<30 mm in D), while these are almost indiscernible on
the shell surface, while exception of the ventrolateral shoul-
der (Figs. 8Dy, E;, 9C,, Dy, E;). Constrictions retain a single
concave or weakly sigmoidal curvature throughout growth
(Fig. 9A,). Unlike ancestral Desmoceras (Pseudouhligella)
spp., the curvature of constrictions does not completely
match that of growth lines, particularly in the middle to late
growth stages. The growth lines obliquely converge to the
constrictions in the present species (Nishimura et al. 2010:
fig. 11B, D).

The curvature pattern of constriction is single concave
or weakly sigmoidal; in contrast, the growth line is strongly
sigmoidal in the middle to late growth stages. On the ven-
trolateral shoulder, patterns of constriction and growth line
become similar (Nishimura et al. 2010: fig. 11B, D).

Longitudinal striation crossing ribs gradually appears
on the shell surface in the middle to late growth stages
(Figs. 8A,, B, C,, 9C,, D). It is easily discernible in indi-
viduals with widely interspaced ribs but is indiscernible in

specimens with narrowly interspaced ribs (Nishimura et al.
2010: fig. 12).

Phase 1 in surface of shell ornament is characterized
by almost smooth with very fine growth lines developing
in the early to middle growth stages, at about 2-30 mm H
(5-50 mm in D) (Figs. 7Bs, 8Dy, E;, 9A,, B,, C,, Dy, E)). The
concave or slightly sigmoidal fine growth line is weakly
convex on both flanks and moderately projected on the ven-
ter (Figs. 8Dy, E;, 9A,, C,, D;). These appear very weak in
relief on the shell surface, while the internal mold is smooth
(Fig. 9E,). The growth line is very faint, particularly on the
inner flanks (Figs. 8Dy, E;, 9A;, C,, Dy).

Phase 2 is characterized by weak ribbing on the shell
surface. This phase follows phase 1 in the middle to late
growth stages, although, the timing of change of phases 1 to
2 is variable among specimens (Figs. 7A;, By, 8C,, Dy). The
change from phase 1 to phase 2 is rather abrupt. The weak
ribs, running parallel to fine growth lines, are moderately
interspaced, sigmoidal, weakly convex on both flanks and
moderately or strongly projected forward on the venter as
on the rostrum (Figs. 7A;, By, 8C,, Dy, F,). The rib profile
is rounded to acute and most elevated on the ventrolat-
eral shoulders and venter (Figs. 7A;, By, 8C,, Dy, F,). Rib
height decreases at the umbilical seam (Figs. 7B, 8C,, Dy,
F,). Phase 3 is characterized by sharp and coarse ribbing
(Fig. 8A,, B; see Nishimura et al. 2010: fig. 13C). This phase
follows phase 2 (weak ribbing), and appears in the middle
to late growth stages, at about 15-25 mm H (25—45 mm in
D) (Nishimura et al. 2010: fig. 13C). The transition from
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Fig. 4. Desmoceratine ammonoid Paradamesites sugata (Forbes, 1846) from lower Coniacian of the Yezo Group in Hokkaido, Japan. A. KUM MM TN
103 from loc. OT1000, in ventral (A;), right lateral (A,), and apertural (A3) views. B. KUM MM TN 106 from loc. OT1402, in ventral (B;) and right
lateral (B,) views. C. KUM MM TN 108 from loc. OT1402, in ventral (C,) and right lateral (C,) views. An open circle marks the position of constrictions.

phase 2 is rather abrupt. The coarse ribs are narrowly in-
terspaced, sigmoidal, weakly convex on both flanks and
strongly projected forwards on the venter (Fig. 8A,, B; see
Nishimura et al. 2010: fig. 13C). The rib profile is rounded
to acute (Fig. 8A,, B; see Nishimura et al. 2010: figs. 4B,
13C). The coarse ribs run parallel to growth lines. They are
most elevated on the ventrolateral shoulders (Fig. 8A,, B;
see Nishimura et al. 2010: figs. 4B, 13C).

The coarse ribs at phase 3 also differ from weak ribs
at phase 2 in the rib-height/H ratio. In the coarse ribs of
phase 3, this ratio exceeds 0.0005 at the ventrolateral point
at which the ribs are most elevated. In contrast, the ratio is
less than 0.0005 in the weak ribs of phase 2.

The suture line is a typical Desmoceras pattern (Matsu-
moto 1954: figs. 3—6), with a consisting of E, L, U2, U4,
Us, U6 (= 8S), U3, U2, and I lobes and corresponding sad-
dles. Trifid lateral and umbilical lobes are symmetrical.
The U, lobe is slightly asymmetrical. Saddles show the

bifid pattern. Lobes are deeply incised and make lobules
(Fig. 11A; see Matsumoto 1954: figs. 10, 11).

Remarks.—Similar to Turonian Tragodesmoceroides sub-
costatus Matsumoto, 1942a, from Hokkaido (see Nishimura
et al. 2006), the shell ornament of this species changes
during growth. Shell surface ornament changes from phase 1
(= stage 1 in Nishimura et al. 2010) (i.e., almost smooth with
very fine growth lines) through phase 2 (weak rib) to phase 3
(coarse rib) as growth progresses (Fig. 12; see Nishimura et
al. 2010: fig. 13D-F).

Unlike ancestral 7. subcostatus (Nishimura et al. 2006),
the constriction exists even in phase 2 (<15 mm in D) in
Damesites damesi (Fig. 12; see Nishimura et al. 2006:
fig. 11), although frequent constrictions in the early growth
stage are a common feature of D. damesi and T. subcostatus
(Fig. 12; see Nishimura et al. 2006: fig. 11). Three phases of
shell surface ornament appear in a common order, which
seems to be ontogenetically fixed in D. damesi as well as in
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Fig. 5. Desmoceratine ammonoid Paradamesites sugata (Forbes, 1846) from the upper Coniacian of the Yezo Group, Hokkaido, Japan (A), and from the
South India (B, C). A. KUM MM TN 129, loc. HB1028, in ventral (A, A;) and right lateral (A,, A4, As, Ag) views. B. KUM MM TN 292, ?Coniacian
of Varagur in Madras state, India, in ventral (B,) and right lateral (B,) views. C. BMNH C22674, plaster cast of the lectotype, Coniacian or Santonian of
Vridachellum (Verdachellum) in Madras state, India, in left lateral (C;) and ventral (C,) views. An open circle marks the position of constrictions. Arrows

illustrate ontogenetic change of a single specimen.

T. subcostatus (Fig. 12; see Nishimura et al. 2006: figs. 8, 11;
2010: fig. 13A-C).

The interspacing of ribs becomes narrower in the last
10° whorl volution of the outer whorl of some large-sized
specimens (KUM MM TN 193, Nishimura 2003: fig. 1D).
This might be a sign of maturity. In the last growth stage,
constrictions almost disappear, while a strong forwardly
projected rostrum and strongly sigmoidal growth line de-
velop.

In a smooth-surfaced specimen (KUM MM TN 218, Fig.
9A), exceptionally weak ribs are developed on the inner shell.

Shell form and shell ornament of the present species
change stratigraphically (Figs. 12, 14). Specimens from lower
Santonian (units Ud—e and Uf in the Haboro-Tappu area; see
Figs. 7, 8) are large when adult (100 mm in D) (Figs. 7A,, 8B;
see Nishimura 2003: fig. 2D) and have a great whorl breadth
(B/H=10.851n 30 mm in D) (e.g., Fig. 7B,), an earlier appear-
ance of a keel (1.0-1.5 mm in D) (Fig. 8D,), and an elevated
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Fig. 6. Desmoceratine ammonoid Paradamesites rectus gen. et sp. nov.
(= “Damesites sugata” from the Yezo Group) from the Santonian—lower
Campanian of the Yezo Group, Hokkaido, Japan. A. KUM MM TN 281 ho-
lotype, loc. OT5034, in left lateral (A ;) and apertural (A,) views. B. KUM
MM TN 287 paratype, loc. TK1019, in ventral (B;) and right lateral (B,)
views. An open circle marks the position of constriction.

keel (Figs. 7A,, 8A;). The adult shell ornament reaches phase
3 (Figs. 8A,, B, 12). On the other hand, specimens from upper
Santonian (units Ug and Uh in the Haboro-Tappu area, Fig. 9)
and the lower Campanian (units Ui—j and Uk in the Haboro-
Tappu area) have a smaller shell size (40—60 mm in D), mod-
erately compressed whorl (B/H = 0.8 in 30 mm in D; e.g.,
Fig. 9C,), retarded appearance of a keel (at 20-30 mm in D;
Fig. 9C,) and a low, obtuse keel (Fig. 9B,, C,). The shell orna-
ment remains in phase 1 even in adulthood (Fig. 9). However,
this morphological trend appears to be intraspecific, judging
from the presence of intermediate forms such as an upper
Santonian individual from unit Ug with an intermediate adult
shell size (ca. 60 mm D; Fig. 9A, B). Most specimens from the
middle Campanian (Sphenoceramus orientalis Zone and S.
schmidti Zone) individuals from Osoushinai Formation in the
Nakagawa area (Fig. 9B, E) are small size, less than 30 mm
D. These specimens are similar to the lower Campanian indi-
viduals (units Ui—j and Uk in the Haboro-Tappu area). On the
contrary to these juvenile specimens, middle sized specimen
about 48 mm D (holotype of “Damesites damesi interme-
dius”, Matsumoto 1954: pl. 6: 4a, b; Nishimura et al. 2010:
fig. 4D, E) from the middle Campanian (S. orientalis Zone)
possess a slightly depressed whorl (B/H = 0.8 in 48 mm in
D) (Table 2). The shell ornament remains in phase 1 even in
adulthood.

Ikeda and Wani (2012) subdivided the Santonian desmoc-
eratines into three related groups on the basis of “bathyme-
try” of an upward-shallowing succession in the Kotanbetsu
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area. Although their taxonomic treatment is out of date, their
observation is generally concordant with our data. For exam-
ple, the B of the Santonian and lower Campanian Damesites
damesi becomes compressed in upward sequence. Such tem-
poral change of D. damesi is not merely a local phenomenon
because a similar pattern has been also observed in the other
sections (e.g., the Naiba area, Sakhalin). In addition, the
population sample of “Damesites sugata’ in Ikeda and Wani
(2012) includes not only specimens of P rectus gen. et sp.
nov. (Ikeda and Wani 2012: fig. 1.1) but also many specimens
of D. damesi.

As described briefly in Shigeta et al. (2016), small
desmoceratines previously identified as “Desmophyllites
diphilloides (Forbes, 1846)” from the Osoushinai Formation
(Sphenoceramus schmidti Zone; middle Campanian), Naka-
gawa area (e.g., Matsumoto and Obata 1955), should be con-
sidered as juvenile individuals of Damesites damesi before
the development of a keel because they have much wider
umbilicus (U/D = 0.08 in 20 mm in D) than Desmophyllites
diphylloides (U/D = 0.06 in 20 mm in D).

“Damesites sp.” in Shigeta et al. (2019) from the middle
Campanian (Sphenoceramus orientalis Zone) of the Ribira
area, Hokkaido, and “Damesites cf. sugata” in Maeda et al.
(2005) from the middle Campanian (Sphenoceramus orien-
talis Zone) of the Makarov area, southern Sakhalin, should
probably be included to Damesites damesi having sigmoid
constriction in early growth stage. These specimens are quite
similar to middle Campanian D. damesi from the Nakagawa
area. However, it is difficult to accurately identify this speci-
men, because of early growth stage or outer shell is peeled off.

“Desmoceras sugata” in Yokoyama (1890: pl. 20: 11a—c)
is here reassigned to the upper Santonian or lower to middle
Campanian form of D. damesi.

Some individuals of “Damesites sugata” have been re-
ported from the Santonian to the lower Campanian of British
Columbia, Canada by Haggart (1989). These are here reas-
signed to Damesites damesi because of their sigmoid growth
lines and shell form.

As for the northeast Pacific province’s species, Coniacian
or Santonian (lower Senonian in Anderson 1958) Kotoceras
frazierense Anderson, 1958, is characterized by very com-
pressed shell form, but this character is in fact the result
of post-burial compaction. Sigmoidal weak ribs and shell
shape show this “species” to belong to Damesites damesi.

A specimen of “Damesites sp.” from the upper Cenoma-
nian (?) of the Western Interior, North America (Saito and
Matsumoto 1956, without illustration; a plaster cast, GK. H
20027 is deposited at GK.) is assignable to Tragodesmo-
ceroides sp. on account of its much wider umbilicus and
tongue-like elevation on the venter instead of keel.

As discussed in Nishimura et al. (2010), “Damesites
damesi”, “D. damesi intermedius”, “D. semicostatus”, and “D.
laticarinatus” should be lumped to a single biological species.
For example, “D. damesi” and “D. semicostatus” co-occur-
ring in the lower Santonian cannot be discriminated from
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Fig. 7. Desmoceratine ammonoid Damesites damesi (Jimbo, 1894) from the lowest Santonian (Unit Ud—e) of the Yezo Group, Hokkaido, Japan. A. KUM
MM TN 146 (deformed and compressed laterally), loc. OT1601, in left lateral (A ) and ventral (A,) views. B. KUM MM TN 145, loc. TK4111, in left lateral
(By, B3) and apertural (B,) views. An open circle marks the position of constrictions. The bold arrow show the ontogenetic change of a single specimen.

each other because of the presence of numerous intermediate
forms (Nishimura et al. 2010: figs. 9, 10, 12).

“Damesites laticarinatus” (see Saito and Matsumoto
1956: text-fig. la—c; Nishimura et al. 2010: fig. 6E-G) is
a monotypic species defined by almost smooth shell sur-
face and diagnostic broad keel. The fragmentary holotype
(GK. H 20026) was recovered from a river float. Saito and
Matsumoto (1956) presumed that the holotype came from
the lower Cenomanian (?), but this stratigraphic assign-
ment appears to be questionable by the following reason.
Wide continuous variation in the profile of the keel of “D.
damesi” suggests that it is difficult to discriminate “D. /a-
ticarinatus” from the other forms on the basis of the keel

(Nishimura et al. 2010: fig. 16). “Damesites laticarinatus”
has sigmoidal growth lines and narrowly umbilicate (U/D
is about 0.07 at 50 mm in D) compressed whorls (B/H is
about 0.7) without constrictions in the late growth stage.
These are common features in the late Santonian forms of
D. damesi (e.g., KUM MM TN 218, 229, see Fig. 9A; com-
pare Nishimura et al. 2010: fig. 13D—F). The preservation of
the shell casts doubt about a lower Cenomanian origin of “D.
laticarinatus” holotype because dark brown color of both
shell tests and sparry calcite in the camera are dissimilar
to those of the other ammonoids from lower Cenomanian
in the Ikushunbetsu area (white sparry calcite in camera).
Therefore, the Cenomanian affinity for “D. laticarinatus” is
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Fig. 8. Desmoceratine ammonoid Damesites damesi (Jimbo, 1894) from the lower Santonian (Unit Uf) of the Yezo Group, Hokkaido, Japan. A. KUM MM
TN 158, loc. OT7027, in ventral (A;) and right lateral (A,) views. B. KUM MM TN 193, loc. OT1429 (see Nishimura 2003: fig. 2D—F), in right lateral
view. C. KUM MM TN 166, loc. OT7027, in ventral (C;) and right lateral (C,) views. D. KUM MM TN 189, loc. OT7028, in left lateral (D;) and ventral
(D,) views. E. KUM MM TN 183, loc. OT7028, in left lateral (E;) and ventral (E,) views. F. KUM MM TN 200, loc. OT1599, in ventral (F;) and right
lateral (F,) views. An open circle marks the position of constrictions.

apparently erroneous, and it should be assigned to the upper
Santonian form of D. damesi (Fig. 9).

“Damesites damesi intermedius” (see Matsumoto 1954:
pl. 6: 4a, b; Nishimura et al. 2010: fig. 4D, E) recorded from
Japan, Sakhalin, and California, was said to discriminated
from “D. damesi damesi” by its weakly sigmoidal constric-
tions (Matsumoto 1954, 1959a). “Damesites damesi inter-
medius” was also assumed as a morphologic mosaic for
having “D. damesi”-like whorl shape and “D. sugata” (= P.
rectus gen. et sp. nov. herein)-like nearly concave constric-
tions from the Yezo Group (Matsumoto 1954; Matsumoto
and Obata 1955). However, discrimination of ”D. damesi
damesi” and “D. damesi intermedius” on the basis of the
constriction curvature is difficult because in the former it
is also weakly sigmoidal (Nishimura et al. 2010: fig. 11D,
E). Constriction curvature of “D. damesi intermedius” is
more closely similar to that of “D. damesi damesi” than that
of “D. sugata” from the Yezo Group (= P. rectus gen. et sp.
nov. herein) (Nishimura et al. 2010: fig. 11). Matsumoto and

Obata (1955) treat D. damesi intermedius as an intermediate
form between D. damesi damesi and “D. sugata” from the
Yezo Group by shape of constriction, however, shape of
constriction, shape of growth line, w, etc. do not show an
ancestor-descendant relationship between these two subspe-
cies. Diagnostic feature of the holotype of “D. damesi inter-
medius” (GK. H 3269) from the middle Campanian of the
Urakawa area (Matsumoto 1954) is its greater B. Most simi-
lar specimens occur in the lower Santonian (KUM MM TN
145, Fig. 7B). This, “Damesites damesi intermedius” occur
from around first appearance datum (FAD) and last appear-
ance datum (LAD) of “Damesites damesi’’; lower Santonian
and middle Campanian. In addition, the difference of B/H
ratio between the two subspecies of D. damesi is slight, and
an intermediate form exists between them as in other mor-
phological characters (Nishimura et al. 2010). Considering
those evidences, “D. damesi intermedius” should be lumped
with D. damesi. Another specimen, UMUT MM 6747 (pre-
viously listed as “D. damesi intermedius”™), has a moderately
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Fig. 9. Desmoceratine ammonoid Damesites damesi (Jimbo, 1894) from the upper Santonian (Unit Ug-h) (A, D) and middle Campanian, Osoushinai
Formation, Nakagawa area (B, C, E) of the Yezo Group, Hokkaido, Japan. A. KUM MM TN 218, loc. TK1043 (Unit Ug), in right lateral (A;) and aper-
tural (A,) views. B. KUM MM TN 264, in right lateral (B,) and ventral (B;) views. C. KUM MM TN 265, loc. NS1009 of Matsuda and Ubukata (1999),
Sphenoceramus orientalis Zone, in ventral (C;) and right lateral (C,) views. D. KUM MM TN 239, loc. TK1019 (Unit Ug), in left lateral (D;) and ventral
(D,) views. E. KUM MM TN 272, a float near loc. NS1007 of Matsuda and Ubukata (1999), in left lateral (E;) and ventral (E,) views. An open circle
marks the position of constriction.

compressed whorl, and resembles the lower Santonian—
lower Campanian forms of D. damesi.

Damesites damesi resembles Tragodesmoceroides sub-
costatus Matsumoto, 1942a, in whorl shape (ca. 0.8 in B/H
ratio at 30 mm in D), curvature of growth lines, three-
phased ontogenetic development of surface ornament and
frequently developed constrictions in early growth stage (see
Nishimura et al. 2006: figs. 9C, 10, 11). Damesites damesi
possesses a keel from the juvenile to middle growth stages
(i.e., 1050 mm in D) (Figs. 8D,, 9D,). Tragodesmoceroides
subcostatus, in contrast, possesses no keel except for a blunt
tongue-like ventral elevation (Fig. 2C,; compare Nishimura
et al. 2006: fig. 4B). The latter species has a wider umbilicus
at the juvenile to middle growth stages (U/D ratio 0.11, at
30 mm in D) compared to the present species (U/D = 0.08,
at 30 mm in D) (Nishimura et al. 2010: fig. 17C).

Damesites damesi also resembles the lower Maastrich-
tian D. hetonaiensis Matsumoto, 1954, in its sigmoidal
growth lines, frequently developed constrictions in the early

growth stage, and possession of a keel. The B is also sim-
ilar in the two specimens (B/H = 0.80 in 30 mm in D).
However, D. damesi differs from D. hetonaiensis in having
a wider keel (Matsumoto 1954: pl. 4, fig. 1c). The umbilicus
of D. hetonaiensis is much narrower (U/D = 0.06 in 50 mm
in D) than that of D. damesi (U/D = 0.08 in 50 mm in D).

There are similarities among D. damesi, P. sugata, and
P. rectus gen. et sp. nov.; all have a keel. However, D. damesi
is discriminated from Paradamesites spp. by having sig-
moidal growth lines (Figs. 7A;, By, 8A,, B, F»), a larger w
(Nishimura et al. 2010: fig. 17F) and appearance of ribs in
the late growth stage (phase 3) (Fig. 12).

Stratigraphic and geographic range.—Santonian—middle
Campanian, north Pacific Realm.

Genus Paradamesites nov.

ZooBank LSID: urn:1sid:zoobank.org:act:891736E2-4827-40 AB-B0OD9-
631F181F53D0.
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Etymology: Form Greek para, parallel; parallel lineage of genus Dame-
sites.

Type species: Ammonites sugata Forbes, 1846, from South India, Co-
niacian or Santonian.

Species included: Paradamesites sugata (Forbes, 1846), P. compactus
(Hoepen, 1921), P. rabei (Collignon, 1961), P. tsianalokyensis (Col-
lignon, 1961), and P. rectus sp. nov.

Diagnosis.—Superficially similar to Damesites but having
single concave growth lines, much compressed whorls, an
obtuse to acute keel, and a smaller whorl expansion rate. Shell
surface is smooth throughout growth except for fine growth
lines and periodic constrictions. Suture line is complex, bifid
external lobe and trifid lateral, umbilical, and internal lobes.

Remarks.—Another lineage of Damesites-like forms with
concave growth lines is discriminated from the true Dame-
sites. Newly established Paradamesites gen. nov., compri-
sed P. sugata (originally Indian populations) and P. rectus
gen. et sp. nov. In addition, this new genus includes nu-
merous individuals which have previously been mistakenly
assigned for their generic position to “Damesites”.

Stratigraphic and geographic range—Middle Turonian—
Campanian, Upper Cretaceous, African-Indian province,
European province, north and south Pacific Realms.

Paradamesites sugata (Forbes, 1846) comb. nov.
Figs. 2D, 3-5.

1846 Ammonites Sugata sp. nov.; Forbes 1846: 113: pl. 10: 2a—c.

1865 Ammonites Sugata Forbes, 1846; Stoliczka 1865: 60, pl. 32: 4-6;
pl. 33: 1, 2.

1898 Desmoceras Sugata Forbes, 1846; Kossmat 1895-1898: 111
(176), pl. 18 (24): 11; pl. 19 (25): 1.

1921 Hauericeras? sugata (Forbes, 1846); Spath 1921: 46, pl. 6: 3.

21921 Desmoceras compactum n. sp.; Hoepen 1921: 21-23, pl. 4: 5-7.

1931 Desmoceras Sugata (Forbes 1846); Basse 1931: 21, pl. 2: 19, 20.

non 1955 Damesites sugata (Forbes, 1846); Matsumoto and Obata
1955: 128, pl. 26: 4, pl. 27: 3, 4.

1957 Damesites sugata (Forbes, 1846); Arkell et al. 1957: L370, fig.
482: 4.

1957 Damesites ainuanus sp. nov.; Matsumoto 1957: 86, pl. 15: 1, 2.

1958 Kotoceras richardsoni sp. nov.; Anderson 1958: 217, pl. 36: 3, 3a.

71958 Kotoceras subsugatum Anderson, 1902; Anderson 1958: 217—
218, pl. 35: 2, 2a.

1961 Desmoceras sugatus (Forbes, 1846); Collignon 1961: 67, pl. 27:
1, 2, text-fig. 7.

1965 Desmoceras sugata (Forbes, 1846); Collignon 1965: 20, pl. 421:
1751.

1968 Damesites ainuanus Matsumoto, 1957; Howarth 1968: 222, pl.
1:3-5.

71968 Damesites sugata (Forbes, 1846); Pauliuc 1968: 103, pl. 29: 2, 3.

1969 Damesites petrobrasia sp. nov.; Beurlen 1969: 149-150, pl. 2: 1,
pl4: 1a, 1b.

1980 Damesites ainuanus Matsumoto, 1957; Futakami et al. 1980: pl.
1:3.

21980 Damesites compactus (Hoepen 1921); Summesberger 1980:
278-280, pl. 1: 3, 4.

21981 Damesites spp.; Szasz 1981: 101, pl. 2: 3a, 3b.

21983 Damesites sugatus (Forbes, 1846); Collignon 1983: 190, pl. 2: 4.

1987 Damesites damesi Jimbo, 1894; Poyarkova 1987: pl. 24, fig.
Sa—c.
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1991 Damesites sugata (Forbes. 1846); Kennedy and Henderson
1991: 471, figs. 1A-1, 2A-G.

1996 Damesites sugata (Forbes, 1846); Wright et al. 1996: 84, fig. 64:
2a, b.

2003 Damesites ainuanus Matsumoto, 1957; Cooper 2003a: 109-110,
fig. 3C, D

2003 Damesites sugata (Forbes, 1846); Cooper 2003b: 155-157, fig.
6E, F

2010 “Damesites ainuanus Matsumoto, 1957”; Nishimura et al. 2010:
figs. SA-B, 11A, 14D-F, 16H.

2010 “Damesites sp.”; Nishimura et al. 2010: figs. SC-F, 7C-F, 15A,
16F-G.

2011 Damesites ainuanus Matsumoto, 1957; Jagt-Yazykova 2011:
pl. 4: 2—6.

2012 Damesites aft. sugata (Forbes, 1846); Tanabe et al. 2012: fig.
SA-C.

2013 Damesites sugata (Forbes, 1846); Kennedy and Klinger 2013:
fig. 7A-J.

2020 Damesites sugata (Forbes, 1846); Kennedy and Gale 2020: fig.
9A-I.

Type material: Lectotype BMNH C22674, the original of Forbes

(1846) is small-sized specimen from South India. Paralectotypes:

BMNH C24169a, b and BMNH C22675 are small-sized specimens as

lectotype. These type specimens are said to be collected from Ariyalur

Group of Vridachellum, South India. Lectotype and paralectotypes are

designated by Matsumoto (1942a).

Type locality: Vridachellum (Verdachellum) in Madras state, South
India.

Type horizon: Coniacian or Santonian.

Material—Five specimens (BMNH C22674, C27169a, b,
C22675, KUM MM TN 292) from South India including the
type series of Forbes (1846). Five specimens (GSI 145-148,
14870) from South India of Stoliczka (1865) and Kossmat
(1895—-1898). One specimen was collected probably from
Coniacian of the Varagur in Madras state, South India (KUM
MM TN 292; collected from 11°15°16.3”N, 79°02°51.5”E;
Fig. 5B). About 10 registered specimens from the Yezo
Group in various areas of Hokkaido and Sakhalin are de-
posited in the UMUT and GK. Additionally, 45 specimens
from the uppermost Turonian—Coniacian in the Pombetsu
and Haboro-Tappu areas in the Yezo Group are HMG-1623,
1794, 1795, and KUM MM TN 099-144 (Table 1).

Emended diagnosis.—Narrowly umbilicate whorl with a
moderate to acute high keel. Constriction is concave and
becoming weakly flexuous on both flanks in later growth
stage. The relative umbilical width versus shell D gradu-
ally increases during ontogeny (see Nishimura et al. 2010:
fig. 17C). Suture line is complex, bifid external lobe and
trifid lateral, umbilical, and internal lobes.

Measurements.—Shown in Table 2.

Description.—An acute, narrow, and high ventral keel de-
velops after the early growth stage at < 30 mm in D in
the lectotype and paralectotype collected from South India
(BMNH C22674, 22645 and 24196a, b). Both flanks of the
whorl are flat and nearly parallel. The umbilicus is crater-
like rounded in umbilical edge and slightly wider (U is
3.5 mm, 37 mm in D) than that in the species of the revised
genus Damesites. The shell surface is almost smooth except
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shell cross section (F—H) for representative specimens of desmoceratine ammonoid species. F. Damesites damesi (KUM MM TN 206, loc. OT1600),
G. Paradamesites rectus gen. et sp. nov. (KUM MM TN 288, a float from Kotanbetsu River). H. Paradamesites sugata (KUM MM TN 134, loc. HB1028).
Abbreviations: B/H, ratio of whorl breadth (B) to whorl height (H); U/D, ratio of width of umbilicus (U) to diameter (D).

for fine growth lines and periodic constrictions. The curva-
ture of constriction is moderately prorsiradiate and single
concave to the aperture.

Compared with the Indian types, specimens from the
Yezo Group are better preserved in general and retain de-
tails of morphological change through growth as follows.

Whorls become more compressed during growth
(Fig. 10B, H). In the early growth stage (1 mm in D), the whorl

is depressed (B/H = 1.7), while it is moderately compressed in
the middle to late growth stage (B/H is about 0.7 at 50 mm in
D) (Fig. 10B, H; see Nishimura et al. 2010: fig. 17D).

The umbilical shoulder appears in the 3—4n stage and
a desmoceratid umbilical break (Maeda 1993) appears in
the 5—6m stage (Fig. 10H). The U/D ratio decreases with
growth, changing from 0.2 (1 mm in D) to 0.08 (30 mm in D)
(Fig. 10D; see Nishimura et al. 2010: fig. 17C, H).
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Fig. 11. Suture line of desmoceratine ammonoids from Yezo Group, Hokkaido, Japan. A. Paradamesites rectus gen. et sp. nov. KUM MM TN 284, at the
19.50 mm H, Ui—j Unit of the tributary of Akanosawa-Creek, Tappu area. B. Padradamesites sugata (Forbes, 1846). KUM MM TN 129, at the 19.65 mm H,
the Nakafutamata-zawa Creek, Haboro (same specimen as Fig. 5A). C. Damesites damesi (Jimbo, 1894). KUM MM TN 164, at the 17.15 mm H, the
Jugosen-zawa Creek, Tappu area. Broken line shows umbilical edge. Arrows show position of siphuncle and adoral direction. Abbreviations: E, L, U, ex-

ternal (E), lateral (L), and umbilical (U) lobes; us, umbilicus.

The w is small (about 2.2 at 50 mm in D) and is sta-
ble throughout growth (Fig. 10E; see Nishimura et al. 2010:
fig. 17F).

The shell of the late growth stage attaining 80-90 mm
in D consists of 6—7 whorl volutions (Fig. 10H). At venter,
prorsiradiate and simple concave growth lines flex strongly
forwards to form a projected rostrum (Figs. 3A;, 4A,, 5A,;
see Nishimura et al. 2010: fig. SE). Shell surface ornament is
almost smooth except for periodic constrictions throughout
growth (phase 1, Fig. 13). The constrictions become fre-
quent in the last 30° of the outer whorl in some specimens
(GK. H 4198, KUM MM TN 129, Nishimura et al. 2010:
fig. 5B, E). This may be a sign of maturity.

Growth lines are prorsiradiate and single concave
(Figs. 3-5). Only in the late growth stage weakly sigmoidal
growth lines restrictedly appear on the periphery of constric-
tions although they retain a single concave pattern in most
areas (Nishimura et al. 2010: fig. 15A). The curvature of
constriction changes from single concave to weakly sigmoid
in the late growth stage (about 60 mm in D). Constrictions
are well developed in the inner shell, and show a very weak
rise in the outer shell. For example, the specimen with shell
D of 80 mm; GSI 148 (Stoliczka 1865: pl. 33: 1) has periodic

constrictions showing weakly sigmoid curvature without
growth lines, because of the weathered surface of the shell.

The suture line is a typical Desmoceras pattern (Matsu-
moto 1954: 248), with a formula of [E, L, U,, Uy, Us, Ug (= S),
Ui, U,, I]. Trifid lateral, umbilical, and internal lobes are
symmetrical. The U, lobe is slightly asymmetrical. Saddles
show the bifid pattern. Lobes are deeply incised and make
many lobules (Fig. 11B).

Remarks.—In profile, the keel becomes gradually higher
in an upward sequence in the Yezo Group of the north-
west Pacific province; i.e., the latest Turonian “D. ainuanus”
(Fig. 3) via early Coniacian forms (from Unit Ua, Ub—c;
Fig. 4) to late Coniacian forms (= “Damesites sp.” from Unit
Ud-—e; Fig. 5A). The height of keel changes from 0.2 mm
(latest Turonian) to 0.6 mm (late Coniacian) via 0.4 mm
(early Coniacian) at 20 mm H. Late Coniacian forms are
most similar to South Indian P. sugata, inclusive of the
types of Forbes (1846).

The morphology of the keel changes stratigraphically
within the single biospecies P. sugata. This trend is confir-
med by biostratigraphic observations in the northwest
Pacific and African-Indian provinces. “Damesites ainu-
anus”, an early form with a narrow and low keel is reported
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not only from the upper Turonian of Hokkaido (Matsumoto
1957) and Sakhalin (Jagt-Yazykova 2011) but also found
from the middle and upper Turonian of Angola (Howarth
1968; Cooper 2003a). Paradamesites sugata-like specimens
were also reported from the lower Coniacian of South India
(Kennedy and Gale 2020). These specimens are identified
as “Damesites sugata,” however, they possess a narrow and
low keel. One of the specimens, OUM KY 2218 possesses
a slightly broader and lower keel. This specimen should be
identified as “Damesites ainuanus” in the previous scheme.

Paradamesites sugata was first described by Forbes
(1846) as Ammonites Sugata. Many specimens from various
areas have been identified as the present species (Stoliczka
1865; Kossmat 1895-1898; Spath 1921; Collignon 1961,
1965, 1983) or listed without illustration (Chiplonkar et al.
1985). Kennedy and Henderson (1991) first photographically
documented the lectotype, paralectotypes, and topotypic
adult shell of Paradamesites sugata. According to Kennedy
and Henderson (1991), Forbes’ (1846) specimens (lectotype
and paralectotypes) are said to have been collected from the
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Fig. 13. Schematic diagram showing ontogenetic development of shell
ornament change in late Turonian—early Campanian desmoceratine am-
monoids (C-group, Paradamesites spp.) from the northwest Pacific prov-
ince. Paradamesites spp. exhibit only phase 1 (i.e., almost smooth shell
surface) with frequent constrictions throughout growth. Detailed strati-
graphic horizons of population samples (a—g) are shown in Fig. 12.

Ariyalur Group of Vridachellum (Verdachellum) in Madras
state, South India. Kossmat (1895—1898) reported this spe-
cies from the upper part of the Trichinopoly Group and
the lower part of the Ariyalur Group, both of which were
correlated to the Coniacian—Santonian. In Madagascar, this
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species ranges from the Coniacian to Santonian (Collignon
1961), whereas in Angola, it occurs throughout the Santonian
(Cooper 2003b).

UMUT MM 27833 (Damesites sugata in Tanabe and
Landman 2002; Damesites aff. sugata in Tanabe et al. 2012)
with a narrow and moderate high keel is identified as the
early Coniacian form of P. sugata (e.g., Fig. 4).

The holotype and the other examples of the northeast
Pacific province’s species Coniacian “Kotoceras subsuga-
tum Anderson, 1902” (figured in Anderson 1958: pl. 35: 2,
2a for the holotype) were lost in the San Francisco Fire of
1906. Judging from illustrations of the holotype, however,
due to its almost smooth shell surface, slightly wider umbili-
cus, moderate height, and slightly narrower keel it resembles
those of P. sugata.

The monotypic species of “Damesites pterobrasia Beu-
rlen, 1969 was reported from the Coniacian strata of Brazil.
Judging from Beurlen’s (1969) photograph and illustration,
the large shell (100 mm D), small w, slightly wider umbili-
cus, almost smooth shell surface and concave growth line
suggest this “species” to be conspecific to P. sugata.

“Damesites sugatus” from Santonian of Spain, as re-
corded by Collignon (1983) has a slightly wider umbilicus
(U/D = 0.12 in 67 mm D) and a narrow keel. These charac-
teristics match those of P. sugata. However, we treated them
as Paradamesites cf. sugata, because, Collignon (1983) does
not show a photograph of the lateral view.

“Damesites sugata” was also recorded from the upper
Turonian of Romania (Pauliuc 1968). Based on photographs
of two specimens, the small w (w =1.96 at 23.9 mm in D and
w =2.03 at 44.8 mm in D), moderate or slightly wider umbi-
licus, and almost smooth shell surface ornamentation match
diagnostic features of Paradamesites gen. nov. It is, how-
ever, difficult to identify species because of the only lateral
view of photographs (Pauliuc 1968). Thus, these Romanian
specimens should be treated as Paradamesites cf. sugata
according to our present knowledge.

“Damesites spp.” reported from the Coniacian of Romania
(Szasz 1981), have a siphonal keel and a moderately wide um-
bilicus, and are similar to Paradamesites sugata. However,
precise identification is difficult because of the small size
and fragmentary nature of these specimens.

The shape of the keel in “Damesites sp.” from the “up-
per Cenomanian” in Germany (Immel et al. 1981: fig. 2.2a,
b) resembles that of the Coniacian forms of P. sugata. This
record is important to reconstruct the evolutionary processes
of the Damesites group, although the specimen is fragmen-
tary. In addition, there is inconsistency in the biostratigraphic
correlation between ammonoids (Subprionocyclus Zone
suggesting the upper Turonian) and planktonic foraminifera
(Helventogrobotruncana helvetica suggesting the lower and
middle Turonian) for this German section. A more detailed
interpretation of the German record will be postponed until
the stratigraphic correlation is determined.

As far as northeast Pacific province’s species, Coniacian
or Santonian “Kotoceras richardsoni Anderson, 1958” is
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Fig. 14. Revised stratigraphic occurrence, morphological change in single species and phylogenetic relationship of the Turonian—early Campanian desmocer-
atine ammonoids in the northwest Pacific province. Desmoceratine ammonoids comprise two different lineages (S- and C-groups). Stratigraphic occurrences
of Tragodesmoceroides subcostatus are based on Nishimura et al. (2006). The last occurrence of Damesites damesi is confirmed the middle Campanian
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ted in more upper horizon of Uk unit. The origin of C-group Paradamesites spp. is presumed in outside of the northwest Pacific province and Paradamesites
sugata migrated in the latest Turonian to the Coniacian. Horizontal dashed lines show localities of molluscan fossil occurrence (see SOM: fig. S4).

characterized by a small w, a slightly large umbilicus, fre-
quent sigmoidal constrictions, a siphonal rostrum, and a
siphonal keel. Although shell surface ornamentations in the
holotype of this “species” have been abraded (see Anderson
1958: pl. 36: 3, 3a), what can be seen is identical to that of the
Coniacian form of P. sugata.

Lower Campanian “Damesites damesi” from South Africa
(Cooper and Greyling 1996) is conspecific with P. sugata, be-
cause of its almost smooth shell ornament and siphonal keel.
Cooper and Greyling (1996) described that the South African
“Damesites damesi’ has a biconcave peristome in the internal
mold of the adult shell (ca. 92 mm in D). Around the constric-
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tions, the shape of the growth lines of P. sugata of C-group
exceptionally appears to be biconcave.

Kennedy and Klinger (2013) regarded “Damesites com-
pactus (Hoepen, 1921) ” as a probable synonym of P. sugata.
The present study agrees with Kennedy and Klinger (2013),
and the differences between “Damesites compactus” and
P. sugata are slight.

Compared with the Indian types, a detailed examina-
tion of specimens from the Yezo Group has revealed that
“Damesites sp.” from the upper Coniacian (Fig. 5A; see
Nishimura et al. 2010: fig. 5C—F) should be identified as true
P. sugata. These specimens possess all diagnostic charac-
teristics of Paradamesites sugata such as the development
of an acute keel from an earlier growth stage onwards. In
contrast, the identification of Santonian “D. sugata” from
the Yezo Group (Fig. 6; see Nishimura et al. 2010: fig. 6A—D)
is erroneous; and these specimens should be reassigned to
P. rectus gen. et sp. nov. The stratigraphic range of the true
P. sugata seems to be the middle Turonian to Santonian
in India, Madagascar, and Angola (Forbes 1846; Collignon
1961, 1965; Cooper 2003b; Chiplonkar et al. 1985).

Paradamesites sugata superficially resembles Damesites
damesi in features of whorls and keel, but differs from the
latter in having a smaller w (2.2 in the former compared to
3.0 in the latter at 50 mm in D), a slightly wider umbilicus
(U/D is 0.09 in the former and 0.08 in the latter), frequently
developed periodic constrictions in later growth stage and
almost smooth shell surface ornament.

Stratigraphic and geographic range.—Uppermost Turonian—
Coniacian of Hokkaido and Sakhalin; middle Turonian—
Santonian of South India, Madagascar, South Africa, Angola,
and Spain.

Paradamesites rectus sp. nov.
Figs. 2B, 6.

1927 Kotéceras damesi (Jimbo, 1894); Yabe 1927: pl. 7 (5): 9a, b.

1942 Damesites sugatus (Forbes, 1846); Matsumoto 1942a: 27, text-
fig. 1f.

1955 Damesites sugata (Forbes, 1846); Matsumoto and Obata 1955:
128, pl. 26: 4, pl. 27: 3, 4.

2003 Damesites sugata (Forbes, 1846); Nishimura 2003: fig. 2G, H.

2010 “Damesites sugata (Forbes, 1846)”; Nishimura et al. 2010: figs.
6A-D, 7A, 7B, 11C, 14A-C, 15C.

2012 Damesites sugata (Forbes, 1846); Tkeda and Wani 2012: fig 1.1.

ZooBank LSID: urn:lsid:zoobank.org:act:2CDA43CC-434B-4E06-AB

6B-8DB5D6B6E1D6.

Etymology: From Latin rectus, straight; after simple concave, nearly
straight shape of growth line in mid flank.

Type material: Holotype KUM MM TN 281 (Fig. 6A) is a medium-
sized specimen. Paratype KUM MM TN 281 (Nishimura et al. 2010:
fig. 6C, D) is associated with the holotype in the same calcareous con-
cretion. Paratypes (KUM MM. TN 280, 282-291 (Fig. 6), see Nishimu-
raetal. 2010: figs. 6C, D, 7A, B, 11C, 14A-C, 15C) are variously sized
shells collected from the Santonian—Campanian in the Haboro-Tappu
and Nakagawa areas.

Type locality: Akanosawa Creek (locality OT5034), Tappu area, Hok-
kaido, Japan (SOM: fig. S3).

Type horizon: Santonian.
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Material.—The type material and ten additional specimens
from the Santonian—Campanian strata of the Yezo Group at
various localities in Hokkaido, Japan and Sakhalin, Russia.
These are deposited in the UMUT and the GK collections
(Table 1).

Diagnosis.—Widely umbilicate shell for desmoceratines
with an obtuse keel. Growth lines and constrictions are
less flexuous and simple concave in shape. Suture line is
complex, bifid external lobe and trifid lateral and umbilical
lobes.

Measurements.—See Table 2.

Description.—Whorl becomes compressed as growth pro-
gresses. B/H ratio changes from 2.0 (1 mm in D) to 0.75 (60
mm in D) (Fig. 10B; see Nishimura et al. 2010: fig. 17B, D).

The umbilical shoulder appears in the 3—4n stage and
a desmoceratid umbilical break appears in the 6—7r stage
(Fig. 10G). U/D ratio decreases during 5= to 107 stage (0.2
to 1.0, about 0.6 mm to 10 mm in D), increases again af-
ter 10w stage (U/D = 0.15 in 50 mm in D) (Fig. 10D). The
w is small (about 2.2 at 50 mm in D) (Fig. 10E; see also
Nishimura et al. 2010: fig. 17E) and is stable throughout
growth. An obtuse keel develops at the venter after 20 mm
in D (Fig. 6B;; Nishimura et al. 2010: fig. 6C).

During the late growth stage, the shell attains 90-100 mm
D and consists of 7-8 whorls (Fig. 10G; see also Nishimura
et al. 2010: fig. 6A—B). The whorl is compressed (B/H ratio
is 0.75 at 50 mm in D) (Fig. 10B; see also Nishimura et al.
2010: fig. 17D). The umbilicus is wide (U/D ratio is 0.15
in 50 mm in D) (Fig. 10D; see also Nishimura et al. 2010:
fig. 17C). Curvature of growth line is prorsiradiate and sin-
gle concave throughout growth (Fig. 6). Periodic constric-
tions develop frequently throughout growth (the number
per volution is 3 or 4) and become very frequent in the late
growth stage in some specimens (KUM MM TN 285, see
Nishimura et al. 2010: fig. 6A, B). This may represent a sign
of maturity in the present species.

The suture line is a typical Desmoceras pattern (Matsu-
moto 1954: 248), with a formula of (E, L, U,, Uy, Us, Ug[= S]).
Trifid lateral and umbilical lobes are symmetrical. The U,
lobe is slightly asymmetrical. Saddles show the bifid pattern.
Lobes are deeply incised and make lobules (Fig. 11C).

Temporal trends of morphological variation are not ob-
servable in this species.

Remarks.—Specimens illustrated under the name of “Dame-
sites sugata” in Ikeda and Wani (2012: fig. 1.1) and Santo-
nian populations previously assigned to “Damesites sugata”
by numerous authors should mostly be transferred to Para-
damesites rectus gen. et sp. nov.

Paradamesites rectus gen. et sp. nov. (Fig. 6) was de-
scribed as “Damesites sugata” by Matsumoto (1942: 27, 28)
and Matsumoto and Obata (1955: 128), on the basis of speci-
mens from the Yezo Group. However, the FAD is apparently
higher than that of the true P. sugata (Forbes, 1846), and
these Santonian populations in the Yezo Group can be clas-
sified to P. rectus gen. et sp. nov.



NISHIMURA AND MAEDA—LATE CRETACEOUS DESMOCERATINE AMMONOIDS

“Damesites sugata” from the Yezo Group (Nishimura et
al. 2010) is here assigned to a new species of the new genus
Paradamesites, P. rectus gen. et sp. nov. So far as we can
determine at the moment, this species is endemic to the
northwest Pacific province.

Paradamesites rectus gen. et sp. nov. resembles P. sugata
in many morphological aspects. Shell surface ornament is
almost smooth in both species except for frequent periodic
constrictions (Fig. 6). The number of constrictions similarly
increases in their late growth stage (Fig. 6A;). Paradamesites
rectus gen. et sp. nov. and P. sugata also share relatively com-
pressed whorl shape (B/H ratio is about 0.75 at 50 mm in D;
see Fig. 10B and compare Nishimura et al. 2010: fig. 17D) and
a small w (about 2.0; see Fig. 10E, and compare Nishimura
et al. 2010: fig. 17F). However, P. rectus gen. et sp. nov. has a
much wider umbilicus (U/D is about 0.15 in 50 mm in D) than
P. sugata (U/D ratio is about 0.09 at 50 mm in D) (Fig. 10D;
Nishimura et al. 2010: fig. 17C). The curvature of constric-
tion in P. rectus gen. et sp. nov. is single concave throughout
growth (Fig. 6) whereas that of P. sugata changes from single
concave to weakly sigmoidal in late growth stage (< 60 mm
in D) (Nishimura et al. 2010: fig. 15A).

This species is similar to Tragodesmoceroides subcos-
tatus in having a wide umbilicus in early growth stage
(< 10 mm D; Nishimura et al. 2010: fig. 17C). Although rel-
ative umbilical width (U/D) changes ontogenetically, P. rec-
tus gen. et sp. nov. possesses a much wider umbilicus, and its
U/D ratio considerably increases during growth. In contrast,
the U of T subcostatus remains smaller in middle to late
growth stages (Nishimura et al. 2006: fig. 9D; Nishimura et
al. 2010: fig. 17C).

Stratigraphic and geographic range.—Santonian—lower
Campanian of Hokkaido, Japan, and Sakhalin, Russia.

Discussion

The revised genus Damesites classified to the S-group is
endemic to the north Pacific Realm (the northwest, Boreal,
and northeast Pacific provinces). This genus is presumed
to have originated from Turonian Tragodesmoceroides of
S-group that flourished in the northwest Pacific province
(e.g., Nishimura et al. 2006). Desmoceratine fauna in the
northeast Pacific province (i.e., the specimens from the
British Columbia, Canada and California, USA) is similar
in species composition to that of the northwest Pacific prov-
ince (i.e., the specimens from the Yezo Group, Hokkaido
and Sakhalin; Fig. 14). In the northeast Pacific prov-
ince, Damesites damesi occurs from the Coniacian (?) or
Santonian to the lower Campanian.

Onthe other hand, Paradamesites sugata of C-group shows
worldwide distribution among Turonian—middle Campanian
desmoceratines. It widely occurs in South India, Madagascar,
South Africa, Angola, Spain, Brazil, California, Hokkaido,
and Sakhalin (Forbes 1846; Stoliczka 1865; Kossmat 1895—
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1898; Anderson 1958; Collignon 1961, 1983; Beurlen 1969;
Kennedy and Henderson 1991; Cooper 2003b; present study).
In northeast Pacific province (i.e., British Columbia, Canada
and California, USA), P. sugata belonging to the C-group
occurs from the Coniacian (= “Kotoceras subsugatum’) and
Coniacian or Santonian (= “Kotoceras frazierense”).

The possible occurrence of Paradamesites sugata are
also recorded from Romania (Szasz 1981). Besides, three
other species of Santonian—Campanian C-group; “Dame-
sites compactus (Hoepen, 1921)” from South Africa, and
“Damesites tsianalokyensis Collignon, 1961 and “Dame-
sites Rabei Collignon, 1961” from Madagascar are recog-
nized. These “species” belong to Paradamesites and possi-
bly allied to Santonian P. sugata of C-group.

The biogeographic distribution of desmoceratines from
the Turonian—early Campanian is shown on Fig. 15. Para-
damesites sugata belonging to the C-group is a cosmopoli-
tan species and distributed mainly in African-Indian prov-
ince. The first appearance of P. sugata in the African-Indian
province is slightly earlier than that of the northwest Pacific
province. Paradamesites sugata appeared already from the
middle—late Turonian of Angola, suggesting its origin to the
African-Indian province. On the other hand, Paradamesites
sugata is absent from the middle—late Turonian (except the
latest Turonian) in northwest Pacific province. Instead, en-
demic Tragodesmoceroides subcostatus belonging to the
S-group is flourished in this interval. Therefore, desmocer-
atine distribution was clearly vicariant during the Turonian
(Fig. 15C). During the latest Turonian to Coniacian, P. sugata
migrated northward and expanded the distribution not only
in the African-Indian province but also to the north Pacific
Realm and European province (Fig. 15B). Populations of
P. sugata seemed to be not isolated between the northwest
Pacific province and African-Indian province because com-
mon evolutionary trends are recognized contemporarily
in both bioprovinces; e.g., the keel of P. sugata becomes
sharper in shape and stratigraphically distributed from the
middle or latest Turonian to upper Coniacian (see systematic
description of P. sugata). On the other hand, the endemic
lineage (S-group) also survived in the northwest Pacific
province but declined in numbers at this interval. Damesites
damesi, succeeding Tragodesmoceroides subcostatus, co-
existed with P. sugata. Therefore, desmoceratine fauna was
composed of a mixture of endemic- and cosmopolitan spe-
cies in the Coniacian (Fig. 15B).

During Santonian—early Campanian, faunal exchange be-
tween north Pacific Realm and other provinces declined, and
the desmoceratine fauna became isolated again like before
the middle Turonian (Fig. 15A). Endemic Damesites damesi
of the S-group abundantly occur in the north Pacific Realm,
while P. rectus gen. et sp. nov. originated from P. sugata ap-
peared and coexisted with D. damesi. Paradamesites rectus
gen. et sp. nov. is native to the northwest Pacific province and
shares the common morphological characters of the C-group,
i.e., small w, almost smooth shell surface, and frequent devel-
opment of constrictions in early to late growth stages. These



280 ACTA PALAEONTOLOGICA POLONICA 70 (2), 2025

A Santonian to early Campanian

Q Franc.‘.‘

Romania

N Hokkaido-Sakhalin

Brazil

D

Hokkaido-Sakhalin

Romania

@ unclear occurence of D. damesi
j e Tragodesmoceroides subcostatus
C-group

Paradamesites rectus
P. sugata P. compactus
P. rabei P. tsianalokyensis

Ps } unclear occurence P. sugata

' @ South India

‘2223 estimated migration pass

5

Fig. 15. Paleobiogeography of desmoceratine ammonoids during the Turonian—early Campanian (A—C) and their presumed migratory patterns. S-group
was distributed only in the north Pacific Realm. The C-group species Paradamesites sugata migrated to the north Pacific Realm in the latest Turonian.
Unclear occurrence of Damesites damesi in the northwest Pacific and the northeast Pacific province are “Damesites semicostatus” holotype from the
Coniacian (?), and “Kotoceras frazierense” and “Kotoceras richardsoni” holotypes from the Coniacian or Santonian, respectively. Paradamesites cf.
sugata are reported from the upper Turonian—Coniacian of Romania in Pauliuc (1968) and Szasz (1981). Late Cretaceous map based on Konishi et al.
(2016). Migration patterns are estimated based on Late Cretaceous oceanic circulation as estimated by Hay (2009).
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lines of evidence suggest that P. rectus gen. et sp. nov. is a de-
scendant and relict species of cosmopolitan P. sugata. In the
same interval, P. sugata still survived in the African-Indian
province and European province (Fig. 15A). In addition, sev-
eral descendants of P. sugata (i.e., Paradamesites compac-
tus [Hoepen, 1921], P. tsianalokyensis [Collignon, 1961] and
P. rabei [Collignon, 1961]) of C-group exist in African-Indian
province in the Santonian—Campanian (Fig. 15A).

Similar temporal changing patterns of biogeographic dis-
tribution are also recognized in several other ammonoids
in the Yezo Group. Jagt-Yazykova (2011) reviewed the fau-
nal endemism, provincialism, and turnovers of ammonoids
in the northwestern Pacific province in the mid- to Late
Cretaceous, mainly on the evidence from the Yezo Group
in Sakhalin. She showed that some ammonoid taxa (e.g.,
Pseudophyllites, Zelandites, Desmophyllites, Hauericeras,
Marshalites, Forresteria, Peroniceras, etc.) migrated to the
northwest Pacific province, via Tethyan Realm or Arctic
province through mid- to Late Cretaceous. Besides this re-
view, similar temporal changing patterns have been reported
by the other studies in the Yezo Group. The cosmopolitan
Kossmaticeras migrated north from the African-Indian,
southwest Pacific, and/or southeast Pacific provinces in the
latest Turonian—Coniacian interval, and its endemic descen-
dant Yokoyamaoceras survived during the Santonian—early
Campanian in the northwest Pacific province (Maeda 1993).
The gabbioceratid ammonoids of European province ori-
gin migrated to the northwest Pacific province where they
coexisted with the endemic fauna in the late Alban—early
Cenomanian age (Shigeta et al. 2012). The Santonian and
late Maastrichtian tetragonitid ammonoid Pseudophyllites
indra, which had originated in the African-Indian province,
extended its distribution to the northwest Pacific province
in the late Campanian (Shigeta 1992; Maeda et al. 2005).
The Santonian—middle Campanian nostoceratid ammonoid
Amapondella amapondense that was distributed in European
province, Tethyan Realm, and African-Indian province
migrated to the northwest Pacific province in the middle
Campanian (Shigeta and Izukura 2022). During a short in-
terval in the Maastrichtian, cosmopolitan fauna comprised
of Pachydiscus subcompressus, Gaudryceras seymouriense,
and Zelandites varuna migrated to the northwest Pacific prov-
ince (Kodama et al. 2002; Shigeta and Maeda 2023), where
they contrasted strikingly to the endemic ammonoids such
as Pachydiscus flexuosus, which were restrictedly distrib-
uted in the northwest Pacific province (Maeda et al. 2005).
Therefore, knowledge of the repeated northward migration
of cosmopolitan species is crucial to our understanding of
ammonoid evolution, paleoecology, and paleobiogeography
in the northwest Pacific province.

Conclusions

Adopting new key characteristics, such as the shape of
growth lines, whorl expansion ratio, and ontogenetic se-

quence of ornament of shell surface, allowed to propose a
new taxonomic scheme of Damesites and allied groups. The
linecage with sigmoidal growth lines (S-group) consists of
Tragodesmoceroides subcostatus and its descendant true
Damesites damesi. 1t is endemic to the north Pacific Realm.
Another lineage with concave growth lines (C-group) is clearly
distinguishable from Damesites as Paradamesites gen. nov.,
consisting of Paradamesites sugata and its descendant Para-
damesites rectus gen. et sp. nov. Paradamesites sugata shows
the much wider distribution in the African-Indian province.
It migrated to the northwest Pacific province during the lat-
est Turonian—Coniacian time, as the endemic S-group de-
creased in number. Descendants of both groups coexisted in
the Santonian—early Campanian time throughout the north-
west Pacific province. Besides desmoceratines, similar tem-
poral patterns of ammonoid distribution are often observed
in the northwest Pacific province. Thus, repeated northward
migration of cosmopolitan species from the African-Indian
province is crucial to understand the evolution of Cretaceous
ammonoids in the northwest Pacific province.
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