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Abstract. Vellamo Opik, 1930 is a cosmopolitan Ordovician brachiopod genus originating from
the epicontinental seas of the Baltoscandian Palacobasin. As a result of the systematic revision of
the Estonian material, 16 Vellamo species are described or discussed. The morphological characters
of taxa are presented. Special attention is paid to the ontogenetical changes in the shell morphology,
as the earliest growth stages are closely similar in all species of the genus. On the basis of the
stratigraphical distribution three successive stages in the development of the Estonian species are
distinguished.
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INTRODUCTION

The genus Vellamo Opik, 1930 with more than 30 species, has a wide
geographical distribution. It has been recorded from the East European Platform,
the British Isles, North America, western slope of the Ural Mountains and possibly
from Algeria, Belgium, and Tasmania. Sixteen species have been reported from
Estonia, Ingria (St Petersburg region of Russia), and Podolia. The northwestern
part of the East European Platform is very likely the origination area of the genus
ranging here from the Llanvirn up to the end of the Ordovician.

The studied Estonian collections include nearly 800 well-preserved specimens
from 65 outcrops and 6 drillcores (Figure). The character list of 16 Vellamo
species (Table 1) has been compiled for the present study, based on the emended
diagnoses (given in this paper) or original diagnoses. Data matrix shows high
variability of certain species, which can be explained with the different growth
stages and natural intraspecific variability.

The described specimens are housed in the Museum of the Institute of
Geology, University of Tartu (TUG), Institute of Geology at Tallinn Technical
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University (IGT), and Estonian Museum of Natural History _(MNH). The studied
material comprises all holotypes of the Vellamo species of Opik (1930a), except
for Vellamo viruana Opik, 1930, whose holotype is presumably lost.

HISTORY OF STUDY

The first species of Vellamo was described by Eichwald as Orthis verneuilii in
1841. Pahlen (1877) described Orthisina pyramidalis and a subspecies Orthisina
verneuilii wesenbergiensis.

Opik erected Vellamo as a new subgenus of the genus Clitambonites Pander,
1830 (Opik, 1930a), noting a high interarea, fine costellation, and strong
chilidium. He assigned six East Baltic species to the genus: Orthisina trigonula
Eichwald, O. pyramidalis Pahlen, O. complectens Wiman, O. emarginata Pahlen,
Orthis verneuilii Eichwald, and O. sinuata Pahlen. Also three British species —
Skenidium? Shallockiense Davidson (considered by him as a synonym of
Clitambonites (Vellamo) pyramidalis (Pahlen)), C. complectens (Wiman) var.
albida Reed, and O. adscendens Davidson, non Pander; and two American species —
C. diversus (Shaler) and C. rogerensis Foerste were regarded as belonging to the
genus in the same work.

Opik (1930a) described also two new Vellamo species: Clitambonites (Vellamo)
parvus and C. (V.) ultimus. In a different paper (Opik, 1930b) another new
species, C. (V.) viruanus, was erected, based on a single ventral valve.

Schuchert and Cooper (1932) who regarded Vellamo in the rank of a genus
mentioned that it differs from Clitambonites in important details (position of the
interarea, sculpture of the surface, shape of the spondylium). As to phylogeny of
the clitambonitidine taxa, the authors regarded Apomatella, Pahlenella, and
Vellamo as sister groups, and the genus Clinambon as having its roots in Vellamo.
They noted the European origin of the superfamily Clitambonitacea and its later
expansion to North America. Seven American species, 11 European species, and 5
subspecies were listed in the genus.

Opik (1934) gave a 10-point collation of the genera Clitambonites Pander and
Vellamo Opik. The absence of imbrication, flat or slightly convex dorsal valve,
large foramen, high ventral interarea, spondylium simplex, and the asymmetry of
the ventral valve were pointed out for Vellamo. That work comprised a thorough
review of morphology and the description of 19 species and subspecies; 12 of
them were new. Three species, assigned in his previous paper (Opik, 1930a) to
Vellamo, were transferred to other genera: Pahlenella trigonula (Eichwald),
Kullervo complectens (Wiman), and [lmarinia sinuata (Pahlen). The phylogenetic
scheme was given, showing a common ancestor with Apomatella, Ilmarinia, and
Clinambon.

In the early 1950s D. Kaljo summarized his research on Vellamo. The manu-
script is deposited at the Institute of Geology, University of Tartu (Kaljo, 1951).
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PLATE I

Figs. 1, 2, 5. Vellamo verneuilii (Eichwald, 1841). Neotype. Ventral valve IGT Br 477. Korgessaare,
Vormsi Stage. Interior, exterior, and lateral views. Showing orthocline ventral interarea. The space
under spondylium and the apical part of the spondylium are filled with the secondary shell
material. x 1.5.

Figs. 3, 4, 6, 9, 13. Vellamo verneuilii (Eichwald, 1841). Complete shell TUG 73/152. Korgessaare,
Vormsi Stage. Lateral, anterior, ventral, posterior, and dorsal views. Showing subapical sealed
foramen. x 1.5.

Fig. 7. Vellamo verneuilii (Eichwald, 1841). Dorsal valve IGT Br 476. Sine loco. Interior view.
Showing bulging anterior margin. x 1.5.

Figs. 8, 10, 12. Vellamo verneuilii (Eichwald, 1841). Ventral valve IGT Br 925. Korgessaare,
Vormsi Stage. Lateral, exterior, and interior views. Showing subapical sealed foramen and unusual
subcircular outline. x 1.5.

Fig. 11. Vellamo verneuilii (Eichwald, 1841). IGT Br 480. Korgessaare, Vormsi Stage. Dorsal
valve, interior view. x 1.5.

Figs. 14-16. Vellamo leigeri Opik, 1934. IGT Br 483. Palukiila, Vormsi Stage. Dorsal and ventral
valves. X 2.

PLATE II

Figs. 1, 2, 4, 5. Vellamo praeemarginata Alichova, 1953. Ventral valve TUG 892/2. Aluvere,
Haljala Stage. Interior, posterior, lateral, and ventral views. x 1.5.

Figs. 3, 6. Vellamo ambisulcata Opik, 1934. Dorsal valve IGT Br 504. Rakvere, Keila Stage.
Interior and exterior views. X 1.5.

Figs. 7, 10, 13, 16, 17. Vellamo emarginata (Pahlen, 1877). Neotype. Complete shell with several
bryozoan colonies TUG 72/148. Oandu, Keila Stage. Lateral, exterior, posterior, dorsal, and
anterior views. x 1.5.

Figs. 8, 9, 11, 12, 14. Vellamo ambisulcata Opik, 1934. Holotype. Complete shell IGT Br 502.
Rakvere, Keila Stage. Dorsal, anterior, posterior, ventral, and lateral views. x 2.

Figs. 15, 18. Vellamo emarginata (Pahlen, 1877). Dorsal valve TUG 74/147. Oandu, Keila Stage.
Interior and exterior views. X 2.

PLATE III

Figs. 1-4, 6. Vellamo pyramidalis (Pahlen, 1877). Complete shell IGT Br 511. Kohtla, Kukruse
Stage. Figured by Opik (1934, pl. 11, figs. 3a,b) as Vellamo simplex Opik. Posterior, lateral, dorsal,
anterior, and exterior views. x 4.

Figs. 5, 7-10. Vellamo pyramidalis (Pahlen, 1877). Neotype. Ventral valve TUG 39/76. Kohtla,
Kukruse Stage. Showing twisting of the ventral apex. Lateral, posterior, interior, exterior, and
anterior views. X 4.

Figs. 11, 13. Vellamo pyramidalis (Pahlen, 1877). Dorsal valve IGT Br 513. Kohtla, Kukruse
Stage. Exterior and interior views. x 3.

Figs. 12, 14-16. Vellamo anijana Opik, 1934. Holotype. Complete shell IGT Br 510. Anija, Haljala
Stage. Posterior, exterior, anterior, and dorsal views. X 3.
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PLATE IV
Figs. 1-5. Vellamo oandoensis Opik, 1934. Holotype. Complete shell IGT Br 505. Sine loco,
Oandu Stage. Exterior, posterior, lateral, dorsal, and anterior views. X 2.

Figs. 6, 8. Vellamo oandoensis Opik, 1934. Dorsal valve IGT Br 923. Saku, Oandu Stage. A
gerontic specimen showing adductor scars. Interior and exterior views. X 2.

Figs. 7, 9. Vellamo oandoensis Opik, 1934. Dorsal valve IGT Br 508. Rakvere, Oandu Stage.
Interior and exterior views. X 2.

Figs. 10, 11, 13. Vellamo parva Opik, 1930. Complete shell TUG 56/26. Harku, Kukruse Stage.
Exterior, anterior, and lateral views. x 2.

Figs. 12, 14. Vellamo parva Opik, 1930. Dorsal valve IGT Br 516. Figured by Opik (1934, pl. 11,
figs. 1a,b) as V. rara Opik. Interior and exterior views. X 2.

PLATE V
Fig. 1. Vellamo silurica Opik, 1934. Dorsal valve IGT Br 500. Porkuni, Porkuni Stage. Interior
view. X 2.

Figs. 2, 3. Vellamo cf. phrygia Opik, 1934. Ventral valve TUG 77/15. Oandu, Keila Stage. Lateral
and exterior views. X 2.

Figs. 4, 5. Vellamo defecta Opik, 1934. Holotype. Dorsal valve IGT Br 501. Vasalemma, Oandu
Stage. Interior and exterior views. X 2.

Figs. 6-8, 10. Vellamo phrygia Opik, 1934. Holotype. Ventral valve IGT Br 486. Saue, Keila
Stage. Posterior, exterior, anterior, and lateral views. X 2.

Figs. 9, 11, 13, 14. Vellamo silurica Opik, 1934. Holotype. Ventral valve IGT Br 499. Porkuni,
Porkuni Stage. Exterior, lateral, interior, and posterior views. x 1.5.

Figs. 12, 15. Vellamo symmetrica Opik, 1934. Holotype. Ventral valve IGT Br 484. Palukiila,
Vormsi Stage. Posterior and exterior views. x 1.5.

PLATE VI
Figs. 1-3, 6. Vellamo aenigma Opik, 1934. Ventral valve TUG 892/1. Vaardi, Pirgu Stage.
Exterior, lateral, posterior, and interior views. Natural size.

Figs. 4, 5. Vellamo magna Opik, 1934. Dorsal valve TUG 72/60. Rakvere, Keila Stage. Exterior
and interior views. Natural size.

Figs. 7-10. Vellamo magna Opik, 1934. Holotype. Ventral valve IGT Br 496. Rakvere, Keila
Stage. Posterior, exterior, lateral, and anterior views. x 1.2.

Fig. 11. Vellamo wesenbergiensis (Pahlen, 1877). Dorsal valve IGT Br 487. Régavere, Rakvere
Stage. Figured by Opik (1934, pl. 10, fig. 7) as Vellamo wesenbergensis auriculata Opik. Interior
view. Showing strong radial ridges on the interior of the adductor scars. x 1.2.

Figs. 13, 15. Vellamo wesenbergiensis (Pahlen, 1877). Dorsal valve IGT Br 493. Rigavere,
Rakvere Stage. Showing unusual pattern of adductor scars consisting of radial and transverse
ridges. x 1.2.

Figs. 12, 14, 16-18. Vellamo wesenbergiensis (Pahlen, 1877). Neotype. Complete shell IGT
Br 494. Rigavere, Rakvere Stage. x 1.2.
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Alikhova (1953) described a new species, Vellamo praeemarginata. She
explained remarkable variability and asymmetry of V. wesenbergensis with
ecological reasons. Nasedkina (1970) mentioned numerous Vellamo species from
the western slope of the North and Middle Urals, among them three new species
and one new subspecies. Species of Vellamo were also described by Bondarev
(1968) and Oradovskaya (1977).

Vellamo species from the British Isles have been reviewed and described by
Williams (1963), Wright (1964), Mitchell (1977), Cocks (1978), Hiller (1980),
and Harper (1989). American species have been described by Raymond (1921),
Twenhofel (1927), Wilson (1946), and Bolton (1961). Rare specimens have been
reported from Algeria (Termier & Termier, 1950), Belgium (Sheehan, 1987), and
Tasmania (Laurie, 1991).

SYSTEMATIC DESCRIPTIONS

Superfamily CLITAMBONITOIDEA Winchell & Schuchert, 1893
Family CLITAMBONITIDAE Winchell & Schuchert, 1893
Genus Vellamo Opik, 1930, emend.

1930a Clitambonites (Vellamo) n. subg.; Opik, p. 212.
1932 Vellamo Opik; Shuchert & Cooper, p. 114.
1934  Vellamo Opik; Opik, p. 98.

1953 Vellamo (")pik; Alikhova, p. 78.

1955 Vellamo Opik; Schimer & Schrock, p. 297.
1965 Vellamo Opik; Williams & Wright, p. H352.
1970 Vellamo Opik; Nasedkina, p. 43.

1973 Vellamo Opik; Nasedkina, p. 124.

Type species. Orthis verneuilii Eichwald, 1841; p. 5, pl. 2, figs. 3-5.

Diagnosis. Shell up to 32 mm wide and up to 40 mm long, planoconvex to
ventribiconvex. Outline transversely semiovate to semicircular, subquadrate or
blazon-like. Maximum width at hinge line or anterior to hinge line. Anterior
margin rounded to emarginate (B-shaped), anterior commissure slightly sulcate or
rectimarginate. Ornamentation costellate, ribs mostly of equal size. Concentric
growth lines occasionally visible, imbrication developed at the anterior part of the
ventral valve, or rarely, all over the exterior surface.

Ventral valve often asymmetrical, either due to distorted growth or twisted
apex. Ventral interarea up to 25 mm high, catacline to apsacline, rarely procline
with flat, concave or irregularly terraced profile. Delthyrium about one-third as
wide as hinge line, closed by convex deltidium. Deltidium perforated by large
foramen, sealed during lifetime in some species.
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Dorsal valve flat or slightly convex. Dorsal interarea short, anacline,
notothyrium closed by well-developed chilidium. Notothyrial cavity divided by
simple ridge-like cardinal process. Dorsal adductor field quadripartite with the
anterior and posterior pairs separated by a clearly defined ridge perpendicular to
the median ridge. Commonly the scars are of equal size or the anterior pair is
smaller than the posterior pair. Some species show poorly defined adductor fields.

Shell substance impunctate.

Discussion. Bondarev (1968, p. 71) diagnosed Vellamo (?) summa as a species
with pseudopunctate shell substance. His description of pseudopunctation that
“can be recognized on the outer layer of the shell near the anterolateral margin,
where on the surface of the ribs small circular holes are radially disposed” is a
perfect diagnosis for aditicules, a type of exopunctae that accommodated setal
bristles and are a part of the sensory system of brachiopods (Wright, 1981). In
fact, aditicules are passing through the entire shell, but can normally be seen only
near the shell margin as they get sealed inside the shell and are therefore visible
only at the outer surface of the shell. Wright & Rubel (1996) figured several
species of Kullervo Opik, 1932, possessing aditicules, and mentioned their
absence as a generic character in Apomatella Schuchert & Cooper, 1931. The
present study does not attribute a diagnostic value to the absence or presence of
aditicules, due to their sporadic occurrence. They are better preserved and exposed
in specimens showing imbricative sculpture at the anterolateral part of the shell.

Species assigned apart from the species described below:

Vellamo diconvexa Nasedkina, 1970 (Nasedkina, pp. 46-47, figs. 5-7; pl. 9, fig. 7).

Orthisina diversa Shaler, 1865 (Shaler, p. 67).

Skenidium Grayiae Davidson, 1883 (Davidson, p. 175, pl. 11, figs. 3-9).

Vellamo mitra Nasedkina, 1970 (Nasedkina, pp. 49-50, pl. 9, figs. 1-4).

Vellamo praeemarginata grandis Nasedkina, 1970 (Nasedkina, pp. 44-45, pl. 8,
figs. 1-4).

Vellamo putukuneiensis Oradovskaya, 1977 (Oradovskaya, pp. 91-93, pl. 3, figs. 5-7).

Skenidium? Shallockiense Davidson, 1883 (Davidson, p. 174, pl. 11, figs. 6, 7.)

Vellamo sinclairi Wilson, 1946 (Wilson, p. 115, pl. 3, fig. 30).

Vellamo sulculata Wright, 1964 (Wright, pp. 236-240, pl. 10, figs. 1,2, 4, 5, 8, 9,
11, 12, 14).

Vellamo (?) summa Bondarev, 1968 (Bondarev, p. 71; pl. 4, figs. 9-13; pl. 5,
figs. 1-4).

Clitambonites trentonensis Raymond, 1921 (Raymond, p. 27, pl. 7, figs. 6, 7).

Vellamo typylica Nasedkina, 1970 (Nasedkina, pp. 47-49, pl. 8, figs. 8, 9).

Vellamo sp. (Laurie, 1991, p. 49, fig. 35¢c).

Vellamo sp. (Mitchell, 1977, p. 65, pl. 11, figs. 17, 18).

Vellamo sp. (Sheehan, 1987, p. 28, pl. 7, figs. 21-23).

Vellamo sp. (Termier & Termier, 1950, p. 18, pl. 2, figs. 4-6).

Vellamo sp. (Williams, 1963, p. 428, pl. 10, figs. 14, 18).

Vellamo sp. (Wright, 1964, p. 241, pl. 10, figs. 6, 7).
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Species rejected. Vellamo chinensis (Weller).

The specimen figured as Vellamo chinensis (Weller) (Fu, 1982) is well
preserved, small, with fine costellate ornamentation, convex ventral and slightly
convex dorsal valve. All the studied Vellamo species have a big deltidium, about
1/3 of the length of the hinge line, but the deltidium of the figured specimen is
considerably smaller. The figured specimen lacks foramen and belongs more
likely to the genus Eremotoechia Cooper, 1956.

Occurrence. Middle and Upper Ordovician. Belgium, British Isles, East Baltic
and Podolia, western slope of the Ural Mountains and the Vaigach Island,
Northeast Asia, eastern North America, Tasmania, Algeria.

Vellamo verneuilii (Eichwald, 1841)
Plate I, figures 1-13

1841 Orthis verneuilii Eichwald, p. 51, pl. 2, figs. 3-5.

1845 Orthis verneuilii Eichwald; Murchison et al., vol. 2, p. 201, pl. 11,
fig. 8; pl. 12, fig. 1.

1877 Orthisina verneuilii Eichwald; Pahlen, p. 35, pl. 4, figs. 4-6, 11-15.

1930b Clitambonites (Vellamo) verneuili (Eichwald); Opik, pa2fe.

1934  Vellamo verneuili (Eichwald); Opik, p. 100, pl. 13, figs. 1, 4; pl. 14,
figs. 1-7b.

1934  Vellamo sauramoi n. sp.; Opik, pl. 13, figs. 8, 8a,b.

1976 Vellamo verneuili (Eichwald); Tsegelnyuk, pp. 44-46, pl. 5, fig. 14;
pl. 6, fig. 1.

non 1973 Vellamo cf. verneuili (Eichwald); Nasedkina, pp. 125-126, pl. 22,

figs. 9-12.

Neotype. Ventral valve IGT Br 477; Vormsi Stage, Korgessaare, Estonia. Pl. I,
figs.d, 2.5,

Material. 140 ventral valves, 61 dorsal valves, 64 complete shells.

Diagnosis. Shell up to 32 mm long and up to 35 mm wide; semiovate,
semicircular, or subquadrate. Maximum width of the shell at hinge line to slightly
anterior to midlength, cardinal extremities acute to obtuse, sides concave to
straight, anterior margin straight to bulging, anterior commissure rectimarginate.
Number of ribs 6-9 in 5 mm at 5 mm from ventral beak, 5-7 at the anterolateral
margin. Lateral profile of the ventral valve convex, the highest point at apex to
at midlength. Ventral interarea up to 17 mm high, planar to concave, apsacline to
orthocline. Foramen subapical, sealed. Spondylium simplex supported by ridge
extending to anterior margin. Dorsal valve flat to slightly concave, without sulcus
or with weak sulcus.
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Discussion. Opik (1934) described a single medium-size specimen from Vormsi,
Vormsi Stage, as V. sauramoi. The specimen shows subquadrate outline, a nearly
straight anterior margin, straight sides, and flat lateral profile. Its foramen is sealed
and the ornamentation is coarse. Obviously the specimen described as V. sauramoi
is a juvenile specimen of V. verneuilii.

Occurrence. Nabala, Vormsi, and Pirgu stages. Haapsalu, Korgessaare, Moe,
Palukiila, Paopdd, Saxby, Tapa, Torma, Uuemdisa, and Voore outcrops. Ingria
(Alikhova, 1953).

Vellamo leigeri Opik, 1934
Plate I, figures 14-16

1934 Vellamo leigeri n. sp.; Opik, pp. 105-106, pl. 12, figs. 5-5c.

Holotype. Dorsal and ventral valves IGT Br 483; Vormsi Stage, Palukiila,
Estonia.

Remarks. V. leigeri occurs in the Vormsi Stage together with V. verneuilii. It
differs from the latter in finer ornamentation. Specimens of V. verneuilii with a
width of 20 mm show a sealed foramen. The single specimen of V. leigeri
possesses open foramen and thin shell, not common in V. verneuilii.

Vellamo praeemarginata Alichova, 1953
Plate II, figures 1, 2, 4, 5

1953 Vellamo praeemarginata n. sp.; Alikhova, pp. 79-80, pl. 10, fig. 12.

Holotype. Ventral valve from the Idavere Stage, St Petersburg region. Kept in the
private collection of Alikhova.

Material. 19 ventral valves, 4 dorsal valves.

Diagnosis. Shell up to 15 mm long and up to 22 mm wide, semiovate to
subquadrate. Maximum width of the shell at hinge line to slightly anterior to
midlength, cardinal extremities acute, sides concave, anterior margin emarginate,
anterior commissure rectimarginate to sulcate. Number of ribs 9-12 in 5 mm at
5 mm from ventral beak, 7-8 at the anterolateral margin. Ventral interarea up to
8 mm high, planar to concave, catacline to apsacline. Dorsal valve flat, with
median sulcus.

Discussion. V. praeemarginata is a close species to V. pyramidalis. 1t differs from
the latter in a slightly bigger shell and finer ornamentation.

Occurrence. Haljala Stage. Idavere and Aluvere outcrops. Ingria (Alikhova,
19557,
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Vellamo ambisulcata Opik, 1934
Plate II, figures 3, 6, 8,9, 11, 12, 14

1934 Vellamo ambisulcata n. sp.; Opik, p. 112, pl. 12, figs. 9a-c.

Holotype. Conjoined valves IGT Br 502; Keila Stage, Rakvere, northern Estonia.
Material. 4 complete shells, 10 ventral valves, 9 dorsal valves.

Diagnosis. Shell up to 15 mm long and up to 21 mm wide, semiovate to
subquadrate. Maximum width of the shell at hinge line, cardinal extremities acute,
sides concave, anterior margin emarginate, anterior commissure rectimarginate to
sulcate. Number of ribs 8-9 in 5mm at 5 mm from ventral beak, 5-8 at the
anterolateral margin. Lateral profile of the ventral valve plain to convex, the
highest point at apex. Ventral interarea up to 9 mm high, planar to concave,
catacline to apsacline. Dorsal valve flat to slightly convex, without sulcus or with
weak sulcus. Notothyrial platform lying anterior to dorsal interarea.

Discussion. V. ambisulcata is one of the four species of Vellamo found in the
Keila Stage. V. ambisulcata resembles V. emarginata in having acute cardinal
angles, concave sides, and emarginate anterior margin, differing in the interior
morphology of the dorsal valve. The notothyrial platform which in most species of
Vellamo lies almost flush with the hinge line has been dispositioned anteriorly
to the hinge line in this species. V. ambisulcata shows coarser ribbing than
V. emarginata.

Occurrence. Keila Stage. Jilgiméde, Oandu, Rakvere, and Saku outcrops. Core
sections: Kuusiku — 15.75-15.80 m; Saku — 13.42-13.47 m; Tuula — 11.2 m, and
Voore — 16.05 m.

Vellamo emarginata (Pahlen, 1877)
Plate II, figures 7, 10, 13, 15-18

1877 Orthisina emarginata n. sp.; Pahlen, p. 38, pl. 4, figs. 16-18.
1934 Vellamo emarginata (Pahlen); Opik, pp. 110-111, pl. 12, figs. 4-6.
1953 Vellamo emarginata (Pahlen); Alikhova, pp. 80-82, pl. 10, figs. 1-3.

Type. Pahlen (1877) did not select the holotype. His collections were partly
destroyed during World War II, partly distributed to several schools in Estonia
after the war. The part housed in the Museum of the Natural History in Tallinn
does not contain any specimens belonging to the genus Vellamo. The specimen
kept in the museum under the number 1201 G1:404 resembles V. emarginata
figured on the drawing by Pahlen (1877, pl. 4, figs. 16-18) but its origin and
locality are unknown.

Neotype. Complete shell TUG 72/148; Keila Stage, Oandu, Estonia.
Material. 20 complete shells, 24 ventral valves, 7 dorsal valves.
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Diagnosis. Shell up to 22 mm long and up to 28 mm wide, semiovate to
subquadrate. Maximum width of the shell at hinge line or slightly anterior to
midlength, cardinal extremities acute, sides concave, anterior margin emarginate,
anterior commissure rectimarginate to sulcate. Number of ribs 10-11 in 5 mm at
5 mm from ventral beak, 10-11 at the anterolateral margin. Lateral profile of the
ventral valve plain to convex, the highest point at apex to slightly anterior to apex.
Ventral interarea up to 12 mm high, planar to concave, apsacline. Dorsal valve flat
to slightly convex, without sulcus or with weak sulcus. Notothyrial platform lying
anterior to hinge line.

Discussion. V. emarginata resembles V. ambisulcata. V. emarginata is bigger,
shows finer ornamentation than V. ambisulcata and the maximum width of
the adult shell is slightly anterior to midlength.

Occurrence. Haljala and Keila stages. Allika, Aluvere, Aru, Kurtna, Oandu,
Paiaskiila, Rakvere, Saku, Sompa, and SGmeru outcrops.

Vellamo pyramidalis (Pahlen, 1877)
Plate I1I, figures 1-11, 13

1877 Orthisina pyramidalis n. sp.; Pahlen, p. 39, pl. 4, figs. 19-21.

1930a Clitambonites (Vellamo) pyramidalis (Pahlen); Opik, p.213, pl. 19,
figs. 220-222, 225, 226.

1930a Clitambonites (Vellamo) pyramidalis arcuatus n. subsp.; Opik, p. 215,
pl. 19:figs023

1930a Clitambonites (Vellamo) pyramidalis pahleni n. subsp.; Opik, p. 216,
pl. 19, fig. 224.

1930a Clitambonites (Vellamo) pyramidalis simplex n.subsp.; Opik, p.217,
pl. 19, figs. 219, 227.

1930b Clitambonites (Vellamo) viruanus n. sp.; Opik, p. 15-16, pl. 2, figs. 14a—c.

1934 Vellamo simplex A. O.; Opik, p. 115, pl. 11, figs. 3a,b.

1934 Vellamo pyramidalis (Pahlen); Opik, p. 115, pl. 11, figs. 4, 5.

Neotype. Ventral valve TUG 39/76; Kukruse Stage, Kohtla, Estonia.
Material. 11 complete shells, 67 ventral valves, 26 dorsal valves.

Diagnosis. Shell up to 9 mm long and up to 16 mm wide, semiovate to
subquadrate. Maximum width of the shell at hinge line, cardinal extremities acute,
sides concave to straight, anterior margin emarginate to rounded, anterior
commissure rectimarginate to sulcate. Number of ribs 7-10 in 5 mm at 5 mm from
ventral beak, 6-10 at the anterolateral margin. Ventral interarea up to 8 mm high,
planar to concave, catacline to apsacline. Dorsal valve flat, with median sulcus.
Anterior pair of adductor scars larger than posterior pair or equal to posterior pair.

Discussion. Opik (1930a, 1934) described V. pyramidalis as being distinct from
V. simplex, also two subspecies were described. The present study regards them as
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intraspecific varieties. V. pyramidalis pahleni and V. pyramidalis arcuatus should
be treated as juvenile specimens. V. simplex does not show remarkable
differences from V. pyramidalis. V. pyramidalis occurs in the same stages with
V. parva. 1t is distinguished from the latter by coarser ornamentation, smaller
shell, and acute cardinal angles.

Occurrence. Lasnamigi, Uhaku, Kukruse, and Haljala stages. Allika, Harku,
Kohtla, Kostivere, Kiittejoud, Lasnamagi, Purtse, and Uhaku outcrops.

Vellamo anijana Opik, 1934
Plate I, figures 12, 14-16

1934 Vellamo anijana n. sp.; Opik, pp. 114-115, pl. 12, fig. 10.

Holotype. Complete shell IGT Br 510; Haljala Stage, Anija, northern Estonia.
Material. 2 complete shells, 7 ventral valves, 1 dorsal valve.

Diagnosis. Shell up to 16 mm long and up to 19 mm wide, semiovate to
subquadrate. Maximum width of the shell at hinge line, cardinal extremities acute,
sides concave, anterior margin emarginate to straight, anterior commissure sulcate.
Number of ribs 5-7 in 5 mm at 5 mm from ventral beak, 7-8 at the anterolateral
margin. Lateral profile of the ventral valve convex, the highest point at apex to
slightly anterior to apex. Ventral interarea up to 8 mm high, planar to concave,
catacline to apsacline. Dorsal valve flat, with weak sulcus.

Discussion. V. anijana occurs in the Haljala Stage together with V. praeemarginata
and V. emarginata, differing in coarser ornamentation. In shape and outline
similar to adult V. pyramidalis, but the ventral valve of V. anijana is more convex
with the highest point of the valve anterior to the apex.

Occurrence. Haljala Stage. Allika, Anija, Harku, S6jamigi, and Soonurme
outcrops.

Vellamo oandoensis Opik, 1934
Plate IV, figures 1-9

1934 Vellamo oandoensis n. sp.; Opik, pp. 113-114, pl. 12, figs. 11a-14.

Holotype. Complete shell IGT Br 505; Oandu Stage, Rakvere, northern Estonia.
Material. 15 complete shells, 68 ventral valves, 35 dorsal valves.

Diagnosis. Shell up to 17 mm long and up to 27 mm wide, subquadrate. Maximum
width of the shell at hinge line to slightly anterior to midlength, cardinal
extremities right-angled to obtuse, sides straight, anterior margin emarginate to
straight. Number of ribs 8-9 in 5 mm at 5 mm from ventral beak, 811 at the
anterolateral margin. Lateral profile of the ventral valve plain to convex, the
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highest point at apex. Ventral interarea up to 13 mm high, planar, procline to
apsacline. Dorsal valve flat to slightly convex, with median sulcus. Dorsal
adductor field obscure.

Discussion. V. oandoensis differs from other species of the Keila and Oandu
stages in subquadrate outline, straight sides, and thin shell. The dorsal adductor
field is usually poorly defined, only gerontic specimens show typical adductor
scars.

Occurrence. Keila and Oandu stages. Rakvere, Oandu, Jalgimée, Torremide, Saku,
and Vasalemma outcrops. Core sections: Vasalemma — 3.15 m; Kaasiku — 16.95 m.

Vellamo parva Opik, 1930
Plate IV, figures 10-14

1930a Clitambonites (Vellamo) parvus n. sp.; Opik, p. 219, pl. 21, fig. 279.
1930a Clitambonites (Vellamo) ultimus . sp.; Opik, p. 219, pl. 22, fig. 280.
1934 Vellamo parva A. C)pik; ()pik, p. 116, pl. 11, figs. 2a,b.

1934 Vellamo rara n. sp.; Opik, p. 116, pl. 2, figs. 5a,b; pl. 11, figs. 1a,b.

Holotype. Dorsal valve IGT Br 300 (No. 279); Keila Stage, Kohtla, Estonia.
Material. 8 complete shells, 17 ventral valves, 9 dorsal valves.

Diagnosis. Shell up to 23 mm long and up to 21 mm wide, semiovate to
subquadrate. Maximum width of the shell at hinge line to slightly anterior to
midlength, cardinal extremities right-angled to obtuse, sides straight, anterior
margin straight to rounded, anterior commissure rectimarginate. Number of ribs
9-15 in 5 mm at 5 mm from ventral beak, 14-17 at the anterolateral margin.
Lateral profile of the ventral valve convex, the highest point at apex to slightly
anterior to apex. Ventral interarea up to 9 mm high, planar to concave, catacline to
apsacline. Dorsal valve slightly convex, without sulcus or with weak sulcus.
Dorsal adductor field obscure.

Discussion. Opik (1930a, 1934) described three different species — V. ultimus,
V. parva, and V. rara. The present study regards them in the limits of intraspecific
variability. V. parva, figured by Opik in 1930a (pl. 21, fig. 279), is a juvenile
specimen. The dorsal valves of V. rara (figured by Opik, 1934; pl. 11, figs. 1a,b)
and V. ultimus (figured by Opik, 1930a; pl. 22, fig. 280) show similar internal and
external features. Deciding by the acute cardinal angles, the specimen figured
as V. ultimus is slightly younger than the specimen figured as V. rara. Also
V. ultimus Opik shows slight sulcus on the dorsal valve, but the dorsal valve of
V. rara Opik is flat. The outline of both specimens is subquadrate, the ornamentation
is fine and the adductor field is oblique. These are also the main characters
distinguishing V. parva from V. pyramidalis, as they both occur in the same stages.

Occurrence. Lasnamidgi, Uhaku, Kukruse, and Haljala stages. Kohtla, Allika,
Harku, Humala, S6jamégi, Lasnamaigi, and Kostivere outcrops.
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Vellamo silurica Opik, 1934
Plate V, figures 1, 9, 11, 13, 14

1934 Vellamo silurica n. sp.; Opik, p. 111, pl. 12, figs. 1a,b, 2.

Holotype. Ventral valve IGT Br 499; Porkuni Stage, Porkuni, Estonia.

Remarks. The shape and size of the ventral valve of V. silurica are similar to
those of V. symmetrica. The main difference lies in the ornamentation. V. silurica
shows coarser ornamentation than V. symmetrica.

Vellamo defecta Opik, 1934
Plate V, figures 4, 5

1934 Vellamo defecta n. sp.; C)pik, pp- 111-112, pl. 12, figs. 3a,b.

Holotype. Dorsal valve IGT Br 501; Oandu Stage, Vasalemma, northern Estonia.

Remarks. V. defecta occurs in the Oandu Stage together with V. oandoensis. It
differs from the latter in the semiovate shell shape, acute cardinal extermities, and
concave sides. It is the only species in the genus without cardinal process.

Vellamo phrygia Opik, 1934
Plate V, figures 2, 3, 6-8, 10

1934 Vellamo phrygia n. sp.; Opik, p. 107, pl. 12, figs. 6, 7.

Holotype. Ventral valve IGT Br. 486; Keila Stage, Saue, Estonia.
Material. 4 ventral valves.

Diagnosis. Shell up to 18 mm long, 24 mm wide, semiovate to semicircular.
Maximum width of the shell at hinge line to slightly anterior to hinge line, cardinal
extremities acute to obtuse, anterior margin rounded, anterior commissure
rectimarginate. Number of ribs 7-8 in 5 mm at 5 mm from ventral beak, 8-10 at
the anterolateral margin. Imbrication developed all over the surface. Lateral profile
of the ventral valve plain, the highest point at apex. Ventral interarea up to 25 mm
high, planar to concave, catacline.

Discussion. V. phrygia differs greatly from other Vellamo species in its high
ventral valve, semicircular outline and typical imbricative sculpture. A specimen
of V. cf. phrygia (Pl. V, fig. 3) shows an apsacline, high ventral valve, but lacks
imbrication. However, the growth lines are uncommonly strong.

Occurrence. Keila Stage. Saue and Oandu outcrops. Padise core — 11.0 m.
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Vellamo symmetrica Opik, 1934
Plate V, figures 12, 15

1934 Vellamo symmetrica n. sp.; Opik, p. 106, pl. 13, figs. 2, 3.

Holotype. Ventral valve IGT Br 484; Vormsi Stage, Palukiila, Estonia.

Remarks. V. symmetrica occurs in the Vormsi Stage together with V. leigeri and
V. verneudilii. It differs from them in subquadrate outline and absence of imbrication.

Vellamo aenigma Opik, 1934
Plate VI, figures 1-3, 6

1934 Vellamo aenigma n. sp.; Opik, p. 117, pl. 19, figs. 8a-c.

Holotype. Silicified ventral valve IGT Br 518; Porkuni, Estonia. A redeposited
specimen from Quaternary till. Nabala, Vormsi or Pirgu stages.

Material. 4 complete shells; 5 ventral valves, 2 of them partly silicified; one
silicified fragment of ventral valve; 5 dorsal valves.

Diagnosis. Shell up to 30 mm long and up to 40 mm wide, semiovate to
semicircular. Maximum width of the shell at hinge line or slightly anterior to hinge
line. Cardinal extremities acute, sides straight, anterior margin rounded, anterior
commissure rectimarginate. Number of ribs 9-10 in 5 mm at 5 mm from ventral
beak, 6-9 at the anterolateral margin. Lateral profile of the ventral valve plain,
with the highest point at apex. Ventral interarea up to 13 mm high, planar,
apsacline. Foramen apical, sealed. Dorsal valve flat, without sulcus.

Discussion. V. aenigma occurs in the Pirgu Stage together with V. verneuilii and
differs from it in flat ventral valve and fine ornamentation. From other species of
Vellamo it differs in the high, apical position of small foramen, about 1-2 mm in
diameter.

Occurrence. Vardi and Umeru outcrops. Lower part of the Pirgu Stage. The
material described by Opik (1934) was collected from till at Porkuni and its
original stratigraphical position is not clear.

Vellamo magna Opik, 1934
Plate VI, figures 4, 5, 7-10
1934 Vellamo magna n. sp.; Opik, pp. 109-110, pl. 12, figs. 7, 8.

Holotype. Ventral valve IGT Br 496; Keila Stage, Rakvere, northern Estonia.
Material. 6 complete shells, 29 ventral valves, 12 dorsal valves.

Diagnosis. Shell up to 30 mm long and up to 37 mm wide; semiovate, semicircular,
or subquadrate. Maximum width of the shell at hinge line to at midlength, cardinal
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extremities acute to obtuse, sides straight, anterior margin emarginate to rounded,
anterior commissure rectimarginate to sulcate. Number of ribs 9-10 in 5 mm at
5 mm from ventral beak, 8-9 at the anterolateral margin. Lateral profile of the
ventral valve plain to convex, the highest point at apex to slightly anterior to apex.
Ventral interarea up to 17 mm high. Spondylium simplex supported by ridge
extending to anterior margin. Dorsal valve flat, without sulcus or with weak sulcus.

Discussion. V. magna occurs in the Keila Stage together with V. emarginata,
V. ambisulcata, V. phrygia, and V. oandoensis. An adult specimen of V. magna
is easily distinguishable from those by larger size, subquadrate shell shape, and
straight sides. The dorsal valve of a preadult specimen resembles that of
V. wesenbergiensis. The main difference is the finer ornamentation of V. magna.

Occurrence. Keila Stage. Jilgimde, Kehra, Oandu, Rakvere, Saku, Saue, Someru,
and Tuula outcrops. Saku core — 11.1-11.4 m.

Vellamo wesenbergiensis (Pahlen, 1877)
Plate VI, figures 11-18

1877 Orthisina verneuilii wesenbergiensis Pahlen, p. 35, pl. 4, figs. 7-10.
1934 Vellamo wesenbergensis (Pahlen); Opik, p. 108, pl. 10, figs. 2-5,
8-10; pl. 30, fig. 2.
1934 Vellamo wesenbergensis auriculata Opik; Opik, p. 109, pl. 10,
figs. 6a,b, 7.
1953 Vellamo wesenbergensis (Pahlen); Alikhova, p. 82, pl. 11, figs. 1-8.
non 1973 Vellamo wesenbergensis (Pahlen); Nasedkina, p. 124, pl. 22, figs. 4, 8.

Neotype. Complete shell IGT Br 494; Rakvere Stage, Ragavere, Estonia.
Material. 14 complete shells, 9 ventral valves, 13 dorsal valves.

Diagnosis. Shell up to 30 mm long and up to 37 mm wide, semiovate. Maximum
width of the shell at hinge line to at midlength, cardinal extremities acute to
obtuse, sides concave to straight, anterior margin emarginate to rounded, anterior
commissure rectimarginate to sulcate. Number of ribs 5-7 in 5 mm at 5 mm from
ventral beak, 6-8 at the anterolateral margin. Lateral profile of the ventral valve
plain to convex, the highest point at apex to slightly anterior to apex. Ventral
interarea up to 13 mm high, planar to concave, apsacline. Dorsal valve flat to
slightly concave, without sulcus or with weak sulcus.

Discussion. V. wesenbergiensis is closely similar to V. verneuilii, differing in open
foramen of adult specimens and slightly coarser ornamentation. The outline is
typically semiovate, never shows bulging anterior margin as in V. verneuilii.
V. wesenbergiensis is the only species in the Rakvere Stage.

Nasedkina (1973) described 57 specimens from the Rassocha Stage (Ashgill),
the Rassocha River, western slope of the North Urals as Vellamo
wesenbergiensis. The described species differs from the Estonian species in
having a convex dorsal valve and ornamentation about twice as fine (10-12 ribs
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per 5 mm) as in the Estonian species. Obviously the described specimens belong
to a different species.

Occurrence. Rakvere Stage. Rigavere and Rakvere outcrops. Ingria (Alikhova,
1958)°

DEVELOPMENT OF THE GENUS VELLAMO IN ESTONIA

Vellamo is a widely spread clitambonitidine genus in the middle—upper
Ordovician. Of 34 species assigned, 16 have been described from Estonia and
Ingria (St Petersburg region). Their distribution of the species is summarized in
Table 2. Three distinct stages can be noted in the development of the genus: early
Viru, mid-Viru, and late Viru/Harju.

Table 2
Stratigraphical distribution of Estonian Vellamo species
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The earliest known Vellamo species is V. pyramidalis, which appeared in the
Aseri time. V. parva appeared in the Lasnamagi Stage. Both species are small to
medium-sized and characterized by thin shells. They are the only representatives
of the genus during the early Viru epoch, the Kukruse time inclusive.

The mid-Viru development stage began with the appearance of three new
species — V. anijana, V. praecemarginata, and V. emarginata — in the Haljala time.
The Keila time marked the highest diversity for the genus Vellamo; four new
species were added to the record: V.ambisulcata, V. phrygia, V. magna, and
V. oandoensis. All nine species which existed during the Keila time show
indisputably different sets of characters and should be regarded as valid taxa. The
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Vellamo species of medium size prevailed during the Keila time, but some species
with a thick shell and anteriorly arranged notothyrial platform are recorded as
well (V. magna, V. ambisulcata). Of the nine Keila species, only V. oandoensis
continued its existence during the Oandu time. A remarkable diversity fall co-
occurs with the Keila/Oandu boundary event which is well documented in the
Estonian succession (Hints et al., 1989).

The post-Keila epoch shows mostly successive taxa. Apart from V. oandoensis,
the single specimen of V. defecta is documented from the Oandu Stage. In the
Rakvere Stage, only V. wesenbergiensis has been recorded. In the Nabala Stage it
was replaced by V. verneuilii, the type species of the genus. This species is the
most common Vellamo species in the Harju Series, ranging into the Porkuni Stage.
The Vormsi time marks the appearance of V. leigeri and V. symmetrica, rare short-
ranged taxa with very distinct sets of morphological characters. The rare species,
V. aenigma of the Pirgu time and V. silurica of the Porkuni time complement the
record of Vellamo in the Ordovician of Estonia. Within the species of the Harju
epoch, medium-sized species are common while the maximum size of the species
gradually increases at the end of the Ordovician. A heavy shell, with a thick
secondary layer, is characteristic of the larger species (V. verneuilii, V. aenigma),
and in some cases the pedicle foramen is sealed.

According to the present data the genus Vellamo has originally been restricted
to the shallow epicontinental seas of the Baltica palacocontinent and may be
treated as endemic during the Llanvirn. The explosive spread of the genus took
place during the Caradoc, when it was achieving its maximum diversity in the
Baltoscandian Palaeobasin.
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ORDOVIITSIUMI BRAHHIOPOODIPEREKOND VELLAMO EESTIS
Oive TINN

Ordoviitsiumi brahhiopoodiperekond Vellamo Opik, 1930 on Eestis esindatud
16 liigiga. Teadaolevalt vanim on V. pyramidalis Pahlen, mis stratigraafiliselt
levib Aserist kuni Haljala lademeni. Paralleelselt eelmisega on alates Lasnamie
lademest teada V. parva Opik'u esinemine. Mdlemad kuuluvad viikeste kuni
keskmiste, suhteliselt Ghukese kojaga liikide hulka ning eristuvad rodnestuse
tiheduse poolest.

Suurima liigilise mitmekesisusega paistavad silma Haljala ja Keila lade, kus
perekond Vellamo koosluse moodustavad iiheksa, peamiselt keskmise kojasuu-
rusega liiki. Sellel tasandil ilmuvad esimesed paksu koja ning nototiiriaalse lava
eesmise asetusega liigid V. ambisulcata Opik ning V. emarginata Pahlen.

Pérast Keila aega on valdavad tihedalt iiksteisele jargnevad, vidikese strati-
graafilise levikuulatusega liigid. Neile on iseloomulik keskmine kuni suur koda
ning paks teisene kiht, mis moningatel juhtudel (V. verneuilii Eichwald) tdidab
pediikli foraameni.

OPJOBUKCKHUE BPAXHUOITIOAbI POJA VELLAMO B 3CTOHHUHA
Oiie THHH

OpIOBUKCKHE OTJIOKEHHS DCTOHHMHU MpeAcTaBiieHbl 16 BHOamMu Opaxuoron
pona Vellamo Opik, 1930. Ilo uMeromuMcs AaHHBIM, CTApeHIIMi M3 HUX —
V. pyramidalis Pahlen — ctpaTurpaduuecku pacrnpocTpaHEH OT a3epUCKOro 10
XaJbsJIacKOro ropuszoHTa. IlapannenbHoO MOCNeIHHM, HauuHas C JIACHAMSICKOro
ropusoHTa, nossisercs V. parva Opik. O6a BUIa MMEIOT PaKOBUHY Pa3MEpPOM OT
MaJioro 10 CpeIHEero M OTIMYAIOTCS APYT OT pyra XapaKTepoM peOpUcTOCTH.

HauGonbumiyM BUIOBBEIM  pa3sHOOOpa3WeM  BBIACNSIOTCS  XaJlbsIaCKHi U
Keiinackuii ropu3oHThl, rae pox Vellamo npencTaBneH AEBATHIO BHIAMHU,
pakoBMHAa KOTOpPBIX CpeaHero pasmepa. Ha »3TOM ke YpOBHE BIEPBbBIE
BCTPEYarOTCs BUABI C TOJICTOM PaKOBHUHOI M NMEPENHHUM pacloJIOKEHHEM Ha Heil
HOTOTHpHaIbHOM Tiathopmsl (V. ambisulcata Opik u V. emarginata Pahlen).

ITocnekeinackue OTIOKEHHUS COAEPIKAT IUIOTHO CIIEAYIOLIME APYr 3a APYTOM,
HO C KOpDOTKHM CTpaTMrpau4ecKuM paclpoCTpaHeHHeM BHABL JIs HHX
XapaKTEepHbl PpaKOBHHA pa3MepoM OT CpeaHero A0 OONBIIOr0 H  TOJICTHIM
BTOPMYHBIH CJIOH, KOTOpBIH Yy HEKOTOPBIX 3K3EMIUIIPOB TMOKPHIBAET MPHMaKy-
IIEYHYI0 4acTh pakoBHHbI U GopameH (V. verneuilii Eichwald).
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