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INTRODUCTION

Pygodus LAMONT et LINDSTROM , 1957 is one of the morphologic all y mo st di stinct , and biostrati­
graphically most useful, of the Ordovician conodont genera. It wa s defined in terms of multielement
taxonomy by SWEET and BERGSTROM ( 1962) , BERGSTROM ( 197 1) and LOFGREN ( 1978) . Species of
Pygodus ha ve pygodontiform, haddingodontiform and ramiform elements. Until now, three species have
been assigned to Pygodus with certainty. These are: ( I) Pygodus se rra (HADD ING, 191 3), with three
denticle rows on the platform of the py godontiform element; (2) Pygodus anserinus LAMONT et LIND­
STROM', 1957, with four denticle rows on the platform /bf the py godontiform element; and (3) Pygodus
anitae BERGSTROM, 1983, with deep depression between the seconda ry antero-Iateral and the anterior
processes of the pygodontiform element.

Th e evolution of the Pygodu s lineage, from P
serra to P. anserinus, was discussed by BERGSTROM
(1971 , 1983) and DZIK (1976, 1983 ). P. serra and P
anserinus were used as conodont zonal indexes of the
Middle Ordovician of ea stern North America, Europe
(BERGSTROM 1971) and South China (AN 1987).
BERGSTROM (1983) named Pygodu s? sp. C of LOF­
GREN (1978 : p. 97 ; pI. 16: 4-6) Pygodu s anitae and
considered this species to be ances tra l to P serra.

When study ing Ordovician conodonts from the
Hall eki s quarry, Vastergotland, Central Sweden
(Fig . I ), I found two kinds of pygodontiform ele­
ments with three denticle rows on the platform. Des­
pite obv ious morphological differences, both the ele­
ments have hitherto been referred to Pygodu s serra
(HADDING). One of these ele ments is long and nar­
row. During its evolutionary history, its middle den­
ticle row migrated from the middle to the inner side
(Fig. 2C I-C3). The other is tri an gul ar and its middle
denticle row migrated from the middle to the outer
side (Fig. 20).

According to the de scription and illustrations of
LAMONT and L1NDSTROM (1957 : p. 68 , fig . I) , Pygo­
du s an serinus (the pygodontiform element) has
"very small cu sp , three rows of small , irregular den­
ticles, and in large specimens , a fourth row". Its
holotype has a weakly developed fourth denticle row
(fig . Ic). In fact , P anserinus included a three row
form in which the middle denticle row is situated
outs ide of the mid-line (fig . Id) and a primiti ve four
ro w form of the species P. anserinus (fig . Ia, b, c).

When HAMAR (1964, 1966) studied the Middle
Ordovician of the Oslo region , Norway, he found py­
godontiform eleme nts with three denticle row s that
diverge at small angles from the cusp and with the
middle row running along the middle of the triangular
platform. Th ese elements occurred in the same sample
togeth er with Pygodu s anserinus LAMONT et L1 ND­
STROM (HAMAR 1966 : tabl e I). He ass igned them to a
new spec ies Pygodu s trimontis. BERGSTROM ( 197 1)
identified the three row forms as Pygodus serra (HAD­
DING) and the four row forms to P. anserinus. He
cons ide red Arabellites serra HADDI NG, 1913 to be the
haddingodontiform elements of P. serra and regarded
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Fig. I
Outline map of Sweden. showing the geog raphic location

of the investigated sections .
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Fig . 2
The stratigraphic ranges and evo lutionary relati onship s of five species of Pygodus . A. Pygodontiform element of P. lunn ensis
sp. n. (same specimen as PI. I: 13).81. Earl y form of the pygodontiform elem ent of P. anita e (same specimen as PI. I : 2).
82. Late form of the pygodont iform element of P. anitae (same specimen as PI. 2: 15). Cl. Early form of the pygodontiform
element of P. serra (same spec imen as PI. 2: 11). C2. Middle form of the pygodontiform element of P. ser ra (same specimen
as PI. 2: 7). C3 . Late form of the pygodontiform element of P. serra (same spec imen as PI. 2: I ). D. Pygodontiform element
of P. prot oanserinus sp. n. (same specimen as PI. 3: 9) . El. Early form of the pygodontiform element of P. anserinu s (same

specimen as PI. 3: 5) . E2. Late form of the pygodontiform eleme nt of P. anserinus (same speci men as PI. 3: I).
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Conodont (Pygodus) zones and subzones of the Middle Ordovician in the Baltoscandic Region .

P. trimontis as probably an extreme variant of P. anserinus or as a survivor of the P. serra stock. Thus, P.
trimontis came to be dubiously listed in the synonymy of P. serra (HADDING). Since 1971, three row forms
have been assigned to P. serra. Recently, three row and four row forms were found in the same samples
(D156 and D160) in southern Uplands of Scotland by ARMSTORNG (1997), who considered the three row
form to be a Pb element of P. anserinus and the four row form to be a Pa element of P. anserinus.

My collection include many specimens of Pygodus from Sweden (Fig. I) as well as three sections
from China: (1) Tangshan section, Nanjing City, Jiangsu Province (CHEN and ZHANG 1984); (2) Dinxiang
section, Shitai County, Anhui Province (CHEN and ZHANG 1989); and (3) Fenxiang section, Yichang
County, Hubei Province (ZHANG 1996) . I present here a detailed study devoted to the pygodontiform
element of the genus Pygodus from upper Abereiddian to Llandeilian (cf. FORTEY et al. 1995; see Fig . 3),
a stratigraphic range that corresponds to Aserian to Uhakuan (JAANUSSON 1995). The research shows that,
the upper Abereiddian (Aserian) to the Llandeilian, the pygodontiform element underwent morphological
evolution that was primrily characterized by the diminution of the posterior process, and the merging
together of the platform ledges of the postero-Iateral process and the anterior process. One of the three
row forms, described here as Pygodus protoanserinus sp. n., is morphologically intermediate between P.
serra and P. anserinus. Thus, P. protoanserinus sp. n. (not P. serra) is considered here as a direct ancestor
of P. anserinus. Consequently, two evolutionary branches can be distinguished in the late stage of the
Pygodus lineage history (Fig. 2). Pygodus'l sp . B of LOFGREN (1978: p. 97; pI. 16: 2,3) is named here as
the new species Pygodus lunnensis, which is probably the oldest species of this genus.

The conodont elements illustrated in the Figures and Plates are deposited in the Department of Geology
and Geochemistry, University of Stockholm, Sweden.
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(Victoria University, Canada) for providing me the pygodontiform elements from the Cottles Island
section, New World Island, north-central Newfoundland. Special thanks go to Kent NELSON, who de­
veloped the photographs. This research was supported by a scholarship from Stockholm University and
by a grant from the Swedish Natural Science Research Council (NFR) to Professor Maurits LINDSTROM.
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THE EVOLUTION OF THE P YGODUS LINEAGE

The evo lution of Pygodus is mainly manifested by the morphological changes of the pygodontiform
element.

The pygodontiform eleme nt of Pygodus lunnensis sp. n., the oldest known species of the genus, has
four processes: anterior, antero -latera l, poste rior and postero-lateral. The secondary antero-latera l process
deve loped between the anterior and the antero -lateral processes (Fig. 4A, PI. 1: 12, 13). Someti mes there
are two denticle rows on the anterior process (LOFGREN 1978: pI. 16: 2).

A possi ble descendant of P. lunnensis sp. n. is Pygodus anitae BERGSTROM, 1983. The evo lutionary
changes involved reduction of the posterior process: it became a short posterior extension of the platform
below the cusp (PI. 1: 8, 9). The anterior process remai ned wide with two denticle rows (Fig . 2B1, B2;
PI. 1: 1, 2, 5, 6, 8; PI. 2: 15, 16). The angle of the postero-lateral with the antero -latera l processes decreased.
The platform ledge of the postero-lateral process merged with the anterior process. Sometimes, the
postero-lateral process disappeared (PI. 1: 1, 5, 6; PI. 2: 16). In the strati grap hically younger specimens
the secondary antero-lateral process became short and close to the antero-lateral process (Fig. 2B2; PI. 2:
15, 16) and a deep depression between the secondary antero- lateral process and the anterior process (Fig.
2Bl, B2; PI. 1: 1,2,5,6) deve loped.

Because of the merging of the processes and the disappearance of the secondary antero- lateral and
posterio -lateral processes, it is appropriate, for the younger species, to refer to the outer denticle row on
the anterior process as the midd le denticle row, to the inner denticle row on the anterior process as the
inner denticle row, and to the denticle row of the antero-lateral process as the outer denticle row (Fig. 4).
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Fig. 4
Orientation of pygodon tifonn elements . A. Pygodus lunnensis sp. n., same specimen as PI. I: 13. B. Pygodus serra, same
specimen as PI. 2: 11. C-G show the change of the denticle rows on the processes from P. lunnensis sp. n. (C) to P. anitae

(D), P. serra (E), P. protoanserinus sp. n. (F), and to P. anserinus (G) .
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The depression between the middl e and outer denti cle rows gradually became sha llow. This evolution­
ary phase is represented by Pygodus se rra (HADDlNG). P. serra (HADDlNG) sensu LOFGREN (19 78 : p. 98,
fig . 32D- F), fro m the E. fo liace us Subzon e, represent s an older varia nt of this species, the inner ledge of
the pygodonti form ele ment being wide.

There are two evo lutio nary branches recorded in the yo unger strata. On e branch , without noti ceabl e
changes, is here still referred to as P. serra. In this lineage, three den ticle rows are smoothly co ncave to
the inside, and the platforms are narrow and long. (Fig. 2C I- C3; PI. 2: 1, 2, 6, 7,11 ,1 2,14). The distance
between the middl e and inner denticle rows is slightly shorter than the distance between the middle and
outer denticle rows.

Another evo lutionary branch is a lineage fro m Pygodus protoanseri nus sp. n. to Pygodu s anserinus
LAMONT et LINDSTROM. There are also three denticle rows on the platform of pygodon tiform eleme nts of
P. protoanse rinus sp. n. However, the distance between the middl e and inn er denticle rows is greater than
between the middle and outer ones. The denticles in the inner denticle ro w are thicker than in the other
rows (Fig. 2D ; PI. 3: 9, 10, 14). The ridges between denti cle rows are stra ight on the ins ide of the platform .
Thi s spec ies was previou sly identifies as P. anserinus, P. serra and P. sp. cf. P. serra (see synonymy).

The new denticle row appears between the middle and inner denticle rows. The number of denticles
in this new denticle row gra dually increases in the younge r strata . In the spec imens from the yo ungest
stra ta, the new denticle row starts near the cusp (F ig. 2E I, E2; PI. 3: I , 2, 5, 6). The ridges beside the
new row are curved. Thi s evo lutionary phase of the fou r row form is represe nted by Pygodus anserinus.
It is the youngest known species of the Pygodus lineage. It became extinct in the early Ca radoc (BERG­
STROM 1983).

The most obvious change of the hadd ingodont iform elements is that the ang le between the posterior
process and the anterior process gra dua lly increased from abo ut 50 ° in P. lunnensis sp . n. (PI. 1: 14) to
more than 100° in P. anser inus (PI. 3: 3) . The morph ological evolutio n of the ramiform elements is not
so obv ious. The observable change is that the base gradually became narrow and small. For these reasons ,
it is difficult to identi fy the species based on the haddi ngodontiform and ramiform elements.

STRATIGRAPHIC DISTRIBUTION AND SIGNIFICANCE

Pygodus occ urs fro m the Eoplacognathus suecicus Zo ne to Amorphogna thus tva erensis Zone (the
upper part of Abereidd ian to Llandeilo, Fig. 3). The E. suecicus Zone, as referred to in th is pap er,
corresponds to the BERGSTROM'S E. suec icus Subzo ne and the major part of LOFGREN'S E. suecicus ­
Panderodus sulca tus assemblage subzo ne, which will be discussed further in another paper.

The oldes t spec ies of the Pygodus lineage, P. lunn ensis sp . n., appears to be restricted to the lower part
of the Segerstad Limestone of Swe den. The limestone corresponds to the lower part of the E. suecicus
Zone (Fig. SA). It is known from the sec tions Lunne, Kullstaberg and Gusta (LOFGREN 1978), Province
of Jamtl and in Sweden .

The second oldest species, P. anita e, ranges from the upper par t of the Segerstad Lim estone to the base
of the Seby Limestone in Sweden, i.e., the uni ts that co rrespond to the upp er part of the E. suec icus Zone
and the lower part of the E. foliaceus Subzone. P. anitae was found in the Lunne (Fig. SA), Kull staberg,
and Gu sta sections (LOFGREN 1978) in Jamtland , at Kargarde and Vikarbyn, Silja n district of Swede n
(BERGSTROM 1983) and in the Ordos Basin, North China (AN and ZHENG 1990). P. lunnensis sp. n. and
P. anitae have not been found in South China.

Pygodus se rra (HADDlNG) ranges fro m the lower part of the E. foliaceus Subzone to the lower part of
Pygodus anserinus Zo ne (Fig. 2). It occ urs in the Baltoscandi c area (HAMAR 1966; BERGSTROM 197 1;
LOFGREN 197 8; DZIK 1994) , China (AN 1987 : pI. 26 : 1,2,4,5 ; AN and ZHENG 1990: pI. 13: 20,2 1; CHEN
and ZHANG 1984: pI. 1: 12, 13) and Scotland (ARMSTRONG 1997 : pI. 4: 4). Pygodus serra (HADDING) was
distingu ished as the index species of the zone by BERGSTROM (19 71) .

Pygodus protoanserinus sp. n. occ urs fro m the E. robu stus Su bzo ne to the E. lindstroemi Subzo ne
(Fig. 2). It is very widely distributed incl uding: the Baltoscandi c area (LAMONT and LINDSTROM 1957 ;
HAMAR 1966 ; BERGSTROM 1971 , 1983; DZIK 1976, 1983, 1994), Sco tland (BERGSTROM and ORCHARD
1985 , BERGSTROM 1990), North Amer ica (LINDSTROM 1964 ; BERGSTROM 1971 ; BERGSTROM and CARNES
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A. The Lun ne section (left), lithology, sampled level s, and ranges of Pygodus 1lII111el1sis sp. n., P. anitae and P. serra , B. The
Hallekis section (right) , lithology. sampled levels. and ranges of Pygodus serra, P. protoanserinus sp. n., and P. anserinus .

1976; FAIIRiEUS and HUNTER 1981; HARRIS et al. 1979; MCCRACKEN 1991), and China (AN 1981, 1987;
AN and ZHENG 1990; CHEN and ZHANG 1984, 1989).

Pygodus anserinu s is similar in its geog raphic distribution to P. protoanserinus sp. n. P. anserinus was
established as the index species of the P. anserinus Zone by BERGSTROM (1971).
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Pygodus serra and P an serinu s are index fossil s of conodont zones in the Baltoscandic area, eastern
North America and central China. The P se rra Zone was subdivided into five subzo nes by B ERGSTROM
( 197 1). He used Eoplacognathus suec icus, which was found in the Aseri an, as an index for the lowermost
subzone of the P se rra Zone (Figs 3, SA). LOFGREN (1978 ) found that P se rra fir st appeared at the slightly
high er level of E. [oliaceus, whi ch occurs in the La snam aegian . She proposed that the base of the P. serra
Zone should be corelated with the base of the E. fo liace us Subzone. The pre sent investigation supports
LOFGRENS sugges tion, namely, that the P. serra Zone includes four subzones (F ig. 3).

In summary, P. anitae is restricted to the upper part of the Segerstad Limestone and the basal part of
the Seb y Limestone. P lunn ensi s sp. n . occurs in the low er part of the Segerstad Limestone. Both can be
used as index fossil s. The P. anitae and P. lunn en sis Subzones are hereby established as subzo nes of the
E. suecicu s Zone (Figs 3, SA).

Pyg odus lunn en si s Subzone

Definition. - The lower boundary of the subzone coincides with the first appearance of E. suecicus
and P lunn en sis sp . n. The upp er boundary is taken to be just below the fir st appearance of P anitae.

Reference section. - Lunne section (Fig . SA). The base of thi s subzo ne is situated at 8.2 m, and the
top is situated at 5.35 m. This subzone is 2.85 m thick in thi s sec tion.

Pyg odus anita e Subzone

Definition. - The lower boundary of the subzone coincides with the fir st appearance of P anitae. Th e
upper boundary is defined as the level at whi ch E. fo liaceus fir st appears .

Reference section. - Lunne section (Fig . SA) . The base of thi s subzone is situated at 5 .35 m, and the
top is situated at 3.12 m. Thi s subzone is 2.23 m thick in thi s section.

The overlap of the ran ges of P serra and P. an serinus wa s reported by FAH RA~US and HUNTER (1981) ,
FAHR /EUS (1982) and AN et al . (1985) . In fact , P serrus (HADDING) sens u AN et al . (1985) belongs to P
protoanserinus sp. n. There are no figures of P serrus in FAHRiEUS and HUNTER (1981 ) and FAHRiEUS
(19 82). According to three pygodontiform elements from the sample CTH 14 of Cottles Island section,
New World Island, north-central Newfoundland, P serrus (H ADDI NG) sensu FAHRA~US et H UNTER is also
P protoanserinus sp. n. Th e number of denticle s in the fourth denticle row of the pygodontiform element
gradua lly increases from the anterior led ge to the cusp. Thi s implies gradual evolution from P protoan­
serinus sp. n. to P anserinus. If the part with denticles of the fourth denticle ro w were broken off, it would
be difficult to se parate the early form of P. anserinus from the later form of P protoanserinus sp . n. It
seems that the range s of P proto anserinu s sp. n. and P anserinus overlap (e .g. my samples HA.L17.05
and HA.Ll8.48, see Fig. 5B ).

P. protoan serinu s sp. n. and P anserinu s occ ur repeatedl y thr ee times at Quarry Cove sec tion, New
World Island, north-central Newfoundland (FAHRA~ US and HUNTER 1981 : fig 2, tabl e I; FAHRA~US 1982:
fig. 2). FAHRiEUS (1982: p. 6) conclude d that speciation of P. anserinus was all op atri c , leaving a surviving
parent species. How ever, it is possible that the rep etition was caused by faulting, assuming that the
identification of species is correct.

PHYLOGENETIC RELATIONSHIPS OF PYGODUS

LOFG REN (1978) stres sed that in the platform elements of Pyg odus and Polon odus DZIK, 1976 the
anterior platforms are much better developed than the po sterior one. Thi s was tak en as an indication of a
clo ser relationship between Pygodus and Polonodus than between e ithe r of them and the contemporary
Eoplacogna thus, in whi ch similar elements have a much larger po sterior than anterior platform. BERG­
STROM (1983) deri ved Pygodus from Polonodus based on specimens from the early Llanvirn. DZIK (1983)
suggested that Pygodus evolved from early prioniodontids, the e lements of which were de scribed as
Fryxellodontus 'l ruedemanni by LANDI NG (1976) from the early Areni g Oepikodus ev ae Zone.
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LOFGREN (1990) described in detail the platform elements of Polonodus and belived them to be
associated with oistodontiform and rami form elements. The apparatus of Pygodus does not contain
oistodontiform elements. The pygodontiform elements of Pygodus lunnensis sp. n. (Fig. 2A) have the
same branching type as the corresponding elements of Polonodus. The haddingodontiform elements of
Pygodus lunnensis sp. n. have three processes (PI. I : 14) and are very similar to corresponding elements
of the later Pygodus species, but the corresponding elements of Polonodus have four processes . Generic
assigment of Pygodus lunnensis sp. n. is based on the form of the haddingodontiform element and the
absence of the oistodontiform element.

The suggested close evolutionary relationship between Pygodus and Polonodus is supported by the
same distinctive branching type of pygodontiform elements of Pygodus lunnensis sp. n. and the corre­
sponding elements of Polonodus. The early morphological evolution of the pygodontiform element of the
genus Pygodus consisted mainly of the reduction of the posterior process, and the merging of the platform
ledges of the postero-Iateral process and the anterior process.

SYSTEMATIC PALEONTOLOGY

Genus Pygodus LAMONT et LINDSTROM, 1957
Type species: Pygodus anserinus LAMONT et LINDSTROM , 1957 .

Pygodus lunnensis sp. n.
(PI. I: 12-16; Figs 2A, 4A)

1978. Pygodus ? sp. B; LOFGREN: p. 97, pI. 16: 2, 3.

1983. Pygodus ? n. sp. ; BERGSTROM : p. 45 , fig. 3.

?1987. Polonodus tablepo intensis STOUGE; HUNICKEN and ORTEGA: p. 140, pI. 7.1 : 2 (non I).

Holotype : The specimen SO-9501 figured on PI. I : 13, Fig. 2A, and Fig. 4A .

Type horizon: Sample Lu6 .00 of the Segerstad Limestone (Fig. 5A) .

Type locality: Lunne, about 2.6 km E of Brunflo, 300 ill south of the road between Brunflo and Rissna, Jarntland, Sweden
(Fig . I ; LARSSON 1973 : fig . 2).

Derivation of name: Referring to Lunne village, Jamtl and , Sweden.

Diagnosis. - The angle between the postero-Iateral and antero-Iateral processes of the pygodontiform
element is 100-120 degrees and the platform ledge of the antero-Iateral process merges with the anterior
process. The haddingodontiform element has three weakly denticulated processes.

Material. - Pygodontiform elements (n = 21), haddingodontiform elements (n = 14), ramiform ele­
ments (n = 52) .

Description. - Pygodontiform (stelli scaphate) elements have four processes : anterior, antero-lateral,
posterior, and postero-Iateral (Fig. 4A; PI. I : 12, 13). The posterior process is short, wide, and round. The
postero-Iateral process is close to the anterior one . The antero-Iateral process is wider and longer than
other processes and is overgrown by a secondary antero-Iateral process. The platform ledges of the anterior
and antero-Iateral processes are confluent. The concavity between the postero-Iateral and anterior pro­
cesses is deeper than that between the antero-Iateral and anterior processes. The surface of the platform
is ornamented with contoured ridges.

The haddingodontiform (pastinate) element has a suberect cusp, and weakly denticulated antero-lateral,
anterior, and posterior processes . The angle between the anterior and posterior processes is about 50
degrees (PI. I : 14).

This species has three kinds of ramiform elements. They are the alate, tertiopedate (PI. I: 16), and
quadriramate (PI. I : IS) elements with suberect cusps and wide, deep bases.

Occurrence. - Lower part of the Segerstad Limestone, P. lunnensis Subzone, corresponding to the
lower part of the E. suecicus Zone. The description is based on specimens from the Lunne and Kullstaberg
sections, Jamtland, Sweden (Fig. 5A).
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Pyg odus serra (HADDING, 1913)
(PI. 2 : 1-14; Figs 2CI-C3, 4B )

1913. Ara bellit es serra n. sp.; HADDING: p. 33, pI. I : 12, 13.

1955. Periodon serra (HA DDlNG); Li NDSTROM: pI. 22: 17- 21, 25 (non 22-24) .

1960 . Pygodus n. sp. 2; LI NDSTROM: p. 91, fi g. 7: I.

1961. Pygodu s anserinu s L AMONT et Li NDSTROM; WOLSKA: p. 357, pI. 5: 4 (non 5) .

1964 . Pygodus sp. LI NDSTROM; HAMAR: p. 280, pI. 4: 5-8, fi g. 6: 8.

1966 . Pygodu s trimontis n. sp.; HAMAR: p. 70, pI. 7: 12, 16, 17.

1967 . Pygodu s aff. anse rinus L AMONT et Li NDSTROM; VII RA: fi g. 4: 6.

1967 . Haddin godu s se rra (HADDlNG); VII RA: f ig . 4: 7.

1971. Pygodu s se rrus (HADDING); BERGSTROM: p. 149, pl. 2: 22, 23.

1974 . Pygodu s se rrus (H ADDING); BERGSTROM et al.: pl . 1: 18.

1978. Pygodus serra (HADDlNG); LOFGREN: p. 98, fi g. 32D-F.

1984 . Pygodu s se rrus (HADDING); CHEN and ZHANG: p. 329 , pI. 2: 12, 13, 21, 22 (non 9-11 ,1 8- 20).

1987 . Pygodu s se m is (HADDlNG); HONICKEN and ORTEGA: p. 140, pI. 7.1: 3.

1987 . Pygodu s se m is (HADDING); A N: pl . 26: I, 2, 4, 5 (non 3,6-8) .

1990 . Pygodu s se m is (HADDING); A N and ZHENG: pI. 13: 11 -14,17- 21.

1994 . Pygodu s serra (HADDING); DZIK: p. 103, pI. 17: 9- 12, fig. 26 (non the pygodontifonn element to the left in the f i ft h
row counted fro m below).

1997. Pygodus anserinus L AMONT et Li NDSTROM; ARMSTRONG : p. 776, pI. 4: only 4.

Material. - Pygodontiform eleme nts (n = 137), haddingod ontiform elements (n = 88), and ramiform
elements (n = 34).

Discussion . - P. serra differs fro m P. protoan serinus sp. n. in the following as pects : ( I) the pygo­
dontiform elements of P. se rra the three denticle rows are smoothly concave to the inside ; (2) the platform
in P. se rra is narrow and lon g; (3) and the middle denticle row of P. se rra is in the middle or in the interior
part. Th e shape of the pygodontiform elements of P. se rra varies ac ross stratigra phic level s . In the lower
part of the E. fo liace us Subzon e, the insid e ledge is wide (LOFGREN 1978: fig. 32D). In the E. reclinatus
Subzone, the ridge s are stro ng ly concave to ward the aboral side (Fig. 2C l). From the E. robustus Subzone
to the E. lindstroemi Subzone, the platform is narrow and lon g (Fig . 2C2, 2C3).

Comments on the synonymy list. - Th e pygodontiform eleme nt figured by B ERGSTROM ( 197 1: pI.
2: 23 ) is from the lower part of the Furudal Limestone, which probably corresponds to th e E. reclinatus
Subzone . One specimen fig ured by A N and Z HENG ( 1990: pI. 13: 20) occurs to gether with E. reclinatus
and ano ther (AN and ZHENG 1990: pI. 13: 21 ) with E. lindst roemi . Specimens occurring together with
E. robust us we re figured by C HEN and Z HANG (1984 : pI. 2: 12 , 13, 2 1, 22), AN (19 87: pI. 26: 1, 2 , 4, 5),
and WOLSKA (1961 : pl . 5 : 4). Th e spec ime ns figured by HAMAR ( 1966: pl . 7 : 12, 16 , 17), VIIRA (1967 :
fig . 4 : 6, 7) and BERGSTROM et al . (1974 : pI. 1: 18) occur together with E. lindstroemi. The spe cimens
figu red by DZIK (1994: pI. 17 : 9- 12, fig . 26) occur together with E. robu stu s and E. lindstroemi. The
py god onti fo rm e lement figured by A RMSTRONG (1997 : pI. 4: 4 ) is from the lower part of the P. an serinus
Zone.

A rabe llites se rra HADDI NG, 1913 is the haddingodontiform e leme nt of Pygodus. Becau se the haddin­
godontiform e leme nts of P. serra are similar to those of P. p rotoanserinus sp. n. , it is un certain if A. se rra
HADDI NG (1913 : pI. 1: 12, 13) do es indeed represent the haddingodontiform elements of P. serra HADDlNG
sensu BERGSTROM 1971 . This could prob abl y be ascerta ined by checking the topotype material including
pygodontiform elements co llec ted by HADDI NG (191 3) and BERGSTROM (1971: p . 150).

Occurrence. - From the lo wer part of the E. fo liace us Subzone to the lower part of the P. anse rinus
Zone (Fig. 2) . Th e specimens described her e were o btained fro m the Skovde and Gullhogen Limestones
of the Hall eki s sec tion, Swed en (Fig. 5B ).

Pygodu s protoan serinus sp. n.
(PI. 3: 9-18; Fig. 2D )

1957 . Pygodus anserinus n. sp.; LA MONT et LI NDSTROM: p. 68 (pars), fi g. Id (non a-e) .

1961. Pyg odu s anse rinus L AMONT et LiNDSTROM; WOI.SKA: p. 357, pl . 5: 5 (non 4).

1966. Pyg odu s anserinus L AMONT et Li NDSTROM; H AMAR: pI. 7: I .

1976. Pyg odu s semis (H ADDING); DZIK: fi g. 29a, b.

1979. Pyg odus semi (HADDING); H ARRIS et al.: pl . 2: 18.
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1981. Pygodus serrus (HADDING); AN: pI. 4: 1-3.

1982. Pygodus serrus (HADDING); AN and DING: pI. 5: 13, 14 , 16, 19, 22.

1984. Pygodus serrus (HADDING); Ci IEN and ZHANG: p. 329, pI. 2 : 9- 11, 18-20 (no n 12, 13, 21 , 22).

1985. Pygodus serrus (HADDING); AN et al.: pI. 17: 2- 6.

1985. Pygodus serra (HADDI NG); BERGSTROM and ORCHARD: pI. 2 .2: 5

1987. Pygodus serra (HADDING) ; NI and LI: pI. 59: 25.

1987. Pygodus serrus (HADDING); AN: p. 177, pI. 26: 3, 6, 13, (non I , 2, 4 , 5) , pI. 29: 2, 3.

1989. Pygodus serrus (HADDING); CHEN and ZHANG: pI. 5 : 1, 2.

1990. Pygodus serra (HADDING); BERGSTROM: pI. 1: 23, 24.

1990. Pygodus serra (HADDING); POHLER and ORCHARD: pI. I : 18.

1991. Pygodus serra (HADDING); MCC RACKEN: p. 5 1, pI. 2: 4 , 6, 7, 9, 11, 12 , 14-1 8, 20-23 , 28-30.

1991. Pygodus sp. cf. P. serra (HADDING); MCCRACKEN: p. 51 , pI. 2: 1- 3,5, 8,10,13,19.

1993. Pygodus serrus (HADDING); DING et al .: p. 198, pI. 30: 10, 13, 15-1 8, 20-22, 24 , pI. 35: 24 , 26 .

1994. Pygodus serra (HADDI NG); DZIK: fig . 26 : only one pyg odontiform element first to the left , fifth row from below.

Holotype : The speci men SO-9557 figured on PI. 3: 9, and Fig . 20.

Type horizon: Sample Hal 16.64 , the middl e of Gullhogen Limestone (Fig . 5B).

Type locality: Hallekis, Vastergotland , Sweden (Fig. 1).

Deri vation of name: From Latin prot o, primitive, and anser, goose, refe rring to the evolutionary relat ionsh ip of the species
with Pygodus anserinus, whi ch has four denticle row s on the platform.

Diagnosis. - Pygodontifonn element with the middle denticle rows situated to the outside of the middle.
Material. - Pygodonti form elements (n = 89), haddingodontiform elements (n = 95), and ramiform

elements (n =76).
Description. - The pygodontiform elements resemble the feet of geese and have three dent icle row s

on the platform. The distance between the middl e and inner denticle row s is greater than between the
middle and outer denticle rows. The denticles in the inner denticle row are thicker than in the other row s.
The ridges are straight or arcuate on the inside of the platform (PI. 3: 9, 10, 14). Som etimes, there are
one or more node s on the ridge on the inside of the platform (PI. 3: 9).

The haddingodontiform (PI. 3: 11, 16) and rami form (PI. 3: 12, 13, 15, 17, 18) elements are similar to
corresponding elements in Pygodus serra.

Comments on the synonymy list. - The elements figured by W OLSK A (196 1: pI. 5: 5), and O ZIK

(1976 : fig. 29a, b) are from the E. robustus Subzone. Spec imens occurring together with E. protoramosus
CHEN et al ., 1983, corresponding to the E. lindstroemi Subzone, were figured by CHEN and ZHANG (1984:
pI. 2: 9-11 ). The pygodontiform element figured by O ZIK (1994: fig. 26: only the first pygodontiform
element from the left of the fifth row from below) was found in the E. lindstroemi Subzone.

M CCRACKEN (1991) also observed that there are node s on the inside of the platform of the pygodon­
tiform element. The pygodontiform elements of P. cf . P. serrus (HADDlNG) figured by Nowl an (1981 : pI.
2: 16-19) are probably primitive form s of P. anserinus .

Occurrence. - E. robustus and E. lindstroemi subzones (Fig. 20). The specimens describ ed here were
obtained from the Gullhogen Limestone of the Hallekis section, Vastergotland, Sweden (Fig. 5B).
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PLATE 1

Pygodus anitae BERGSTROM .

1-4 from Kullstaberg section, Jamtland, Sweden, 5-11 from Lunne quarry, Jamtland, Sweden .

1. Pygodontiforrn element , x 40, upper view, sample 95FFOI, SO-963I.
2. Pygodontiforrn element, x 40, upper view, sample 94FF30, SO-9625 .
3. Tertiopedate element, x 40, lateral view, sample 94FF03 , SO-9629 .
4. Haddingodontiform element, x 40, lateral view, sample 94FF02, SO-9630 .
5. Pygodontiforrn element , x 35, upper view, sample Lu5.1O, SO-9518.
6. Pygodontiforrn element , x 55, upper view, sample Lu3.65, SO-951O.
7. Haddingodontiform element, x 50, lateral view, sample Lu4.50, SO-9516 .
8. Pygodontiforrn element , x 35, upper view, sample Lu3.65, SO-9508.
9. Same specimen as 16a, x 120.

10. Quadriramate element , x 60, postero-Iateral view, sample Lu4.50, SO-9515.
11. Alate element, x 70, posterior view, sample Lu3.65, SO-9514 .

Pygodus lunnensis sp. n.

From Lunne quarry, Jamtland , Sweden.

12. Pygodontiforrn element , x 58, upper view, sample Lu5.50, SO-9502 .
13. Pygodontiforrn element , holotype , x 30, upper view, sample Lu6.00, SO-9501.
14. Haddingodontiform element , x 55, lateral view, sample Lu7.00, SO-9504.
15. Quadriramate element, x 70, lateral view, sample Lu7.00, SO-9506 .
16. Tertiopedate element, x 70, postero-Iateral view, sample Lu7.00, SO-9507 .
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PLATE 2

Pygodus serra (HADDING) 96
From Hallekis quarry, Vastergotland, Sweden .

1. Pygodontiform element, x 60, upper view, sample HALl5.95, SO-9537 .
2. Pygodontiform element , x 55, upper view, sample HALl5.95, SO-9536 .
3. Haddingodontiform element , x 60, lateral view, sample HALl5.95, SO-9538.
4. Tertiopedate element, x 70, postero-Iateral view, sample HALl5 .95, SO-9540.
5. Alate element , x 80, posterior view, sample HALl5.95, SO-9541.
6. Pygodontiform element , x 70, upper view, sample HALl2.18, SO-9543.
7. Pygodontiform element , x 90, upper view, sample HALl2.18, SO-9542.
8. Haddingodontiform element , x 80, lateral view, sample HALl2.18, SO-9544 .
9. Quadriramate element , x 90, lateral view, sample HALl 2.18, SO-9545 .

10. Alate element, x 80, posterior view, sample HALl2.18, SO-9546 .
11. Pygodontiform element, x 80, upper view, sample HALl 1.69, SO-9548 .
12. Pygodontiform element, x 80, upper view, sample HALl 1.69, SO-9549.
13. Haddingodontiform element, x 90, lateral view, sample HALl 1.69, SO-9554 .
14. Pygodontiform element, x 80, upper view, sample HALl 1.69, SO-9547 .

Pygodus anitae BERGSTROM (late form) 91

From E. foliaceus Subzone at Lunne quarry, Jiimtland, Sweden.

15. Pygodontiform element , x 68, upper view, sample Lu2.72, SO-9632.
16. Pygodontiform element, x 68, upper view, sample Lu2.72, SO-9633.
17. Haddingodontiform element , x 68, lateral view, sample Lu2.72, SO-9634.
18. Haddingodontiform element , x 68, posterior view, sample Lu2.72, SO-9635 .
19. Tertiopedate element, x 68, postero-Iateral view, sample Lu2.72, SO-936.
20. Alate element , x 68, posterior view, sample Lu2.72, SO-9637 .
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Pygodu s anserinus (LAMONT et LINDSTROM) . . . . . . . . . . . . . . . . . . 92

From Hallekis quarry, Vastergotland, Sweden.

I. Pygodontiform element , x 55, upper view, sample HAL20.30, SO-9519 .
2. Pygodontiform element , x 55, upper view, sample HALi9.00, SO-9522 .
3. Haddingodontiform element , x 55, lateral view, sample HAL21.11 , SO-9520.
4. Tertiopedate element , x 70, posterior view, sample HALi9.00, SO-9524 .
5. Pygodontiform element, x 55, upper view, sample HALi7.05, SO-9556 .
6. Same specimen as 5, x 160.
7. Quadriramate element, x 60. lateral view, sample HAL21.11, SO-9521
8. Alate element , x 75, posterior view, sample HALi9.00, SO-9525 .

Pygodus protoanserinus sp. n. . . . . . . . . . . . . . . . . . . . . . . . . . . 96

From Hallekis quarry, Vastergotland, Sweden.

9. Pygodontiform element , holotype , x 70, upper view, sample HALi6.64, SO-9557.
10. Pygodontiform element , x 80, upper view, sample HALi6.64, SO-9558.
11. Haddingodontiform element , x 70, lateral view, sample HAL16.64, SO-9528 .
12. Tertiopedate element , x 80, posterior view, sample HALi6.64, SO-9530.
13. Quadriramate element , x 80, lateral view, sample HALi6.64, SO-9529.
14. Pygodontiform element , x 70, upper view, sample HALi2.90, SO-953I.
15. Quadriramate element , x 60, lateral view, sample HALi2.90, SO-9533 .
16. Haddingodontiform element , x 60, lateral view, sample HAL 12.90, SO-9532 .
17. Tertiopedate element , x 80, posterior view, sample HAL12.90 , SO-9534.
18. Alate element, x 80, posterior view, sample HAL12.90 , SO-9535 .
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