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Description

Holaspid specimens
Dorsal shield elliptical in foml, cranidium 48%, thorax 20% and pygidium 32% of the

exoskeletal length. Glabella convex, parabolic, widely arcuate anteriorly, slightly longer than
wide, with a tiny median tubercle located at 40% the glabellar length from rear. Axial furrow
deeply incised adaxial to palpebral lobe, shallower posteriorly adaxial to the small triangular
posterior area of fixigena. Palpebral lobe narrow (tr.), strip-like, gently narrowing forwards.

Thorax of five segments, parallel-sided. Axis wide (tr.), convex, tapering backwards
moderately from first to third but more rapidly from third to fifth rings, occupying 55%
thoracic width (tr.) anteriorly and 40% posteriorly. Pleurae narrowing forwards; pleural
furrows wide and deep, widening adaxially; fulcra much closer to the axial furrows; each
pleura bluntly pointed distally, with broad (tr.) triangular facet.

Pygidium subrectangular in outline, broadly rounded posteriorly, 68% as long as wide, Axis
moderately convex, conical in shape, occupying 47% sagittal length and 32 l j() anterior width
of pygidium, well defined by distinct axial furrows, with three faintly defined rings and a
terminal piece in addition to a ridge-like articulating half ring. Postaxial groove extending
from axial tip to border furrow. Pleural lobe slightly vaulted; anterior half pleura raised,
narrowing adaxially, facet occupying 70% the anterior pleural width; first pair of pleural
furrows deep, other two very faint though traceable. Border crescentic in shape, straight-sided,
33% pygidial length sagittally, narrowing slowly abaxially to posterolateral pygidial corner,
from there then sharply tapering forwards, well defined by distinct semicircular-extended
border furrow.

Meraspid specimens
Cephalic doublure, as exhibited in an incomplete dorsal shield of degree 3 (Figure 7D),

broadly rounded anteriorly, widest at sagittal line, narrowing backwards, covered with raised
terrace lines subparallel to its posterior margin, Transitory pygidium of degree 3, 2.9-3.2mm
wide and 2A-2.9mm long, parallel-sided, broadly rounded posteriorly. Axis conical, including
five rings whieh successively become faintly defined posteriorly, a tiny terminus and a ridge­
like anterior half ring, Pleural lobe faceted anterolaterally, with five pairs of pleural and
interpleural furrows, of which the posterior two are only weakly developed. Border 25%
length (sag,) of the transitory pygidium, narrowing anteriorly. Border furrow very shallow or
poorly defined. Doublure slightly wider than, or of almost equal width as, the border.

.. Figure 7 A, C, E, H, Microparia (Helerocyclopyge) abunda sp, nov., A from the Climacograplus bicornis
Zone. C, E, H from the Nemagraplus gracilis Zone, of the middle part of the Charchaq Group,
Loc, 1; A, pygidium and thorax, paratype, NI 120600, x10; C, dorsal shield, paratype, NI 12060 l,
xlO; E, cranidium, paratype. NI 120602, x6; H, pygidium and thorax, paratype, NI 120603. xS. B,
G, Degamella cL princeps (Barrande. lS72), from the Nemagraplus gracilis Zone of the middle
part of the Charchaq Group. Loc.l; B, dorsal shield lacking librigenae, degree 4, NI 120604, xS; G,
transitory pygidium and attached thorax, degree 2, NI 120605, x 10. D, F, I, Microparia
(Quadralapyge) curva sp. nov., from the NemagraplUs gracilis Zone of the middle part of the
Charchaq Group, Loc, I; D, transitory pygidium attached with thorax and cephalic doublure, degree
3, paratype, NI 120606, xlO; F, transitory pygidium of degree 3, paratype, NI 120607; xlO; I, dorsal
shield lacking librigenae, holotypc, NI 12060S, xS
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Discussion
Only two species have been assigned to M. (Quadratapyge), the type species M. (Q.)

latilimbata Zhou (in Zhou et al. 1977: 230, pI. 69, figs 14-16), and M. (Q.) chedaoensis Zhou
and Dean (1986: 761, pI. 61, figs 6, 10, 11, 13, 16) from the lower part (late Llandeilo-basal
Caradoc) of the Chedao Formation, Chedao, Huanxian, Gansu, northwest China. Both differ
from the new species in the straight posterior pygidial margin, the broadly rounded posterior
end of axis and the absence of a postaxial groove. Furthermore, the pygidial axis is much
wider (40-50% the pygidial width anteriorly) and the median glabellar tubercle is more
forwardly placed (in front of the glabellar centre) in the type species. The pygidial axis
occupies 33% the pygidial width anteriorly in M. (Q.) chedaoensis, a feature shared with the
present species, but its pygidial border is narrower (sag.) (20% the pygidial length) and the
median tubercle is situated in the centre of the glabella. The pygidial border furrow is much
more faintly defined, the axial furrow is shallower, and the postaxial groove is absent in the
transitory pygidium of this new species as compared with the adult specimens.

Genus Degamella Marek, 1961
Type species

Aeglina princeps Barrande, 1872, from the Dobrotiva Beds (Llandeilo), Svata Dobrotiva, Bohemia.

Degamella ct: princeps (Barrande, 1872)
Figure 7B, G

Figured specimens
One dorsal shield (lacking librigenae) of degree 4 (NI 120604), and one degree 2 transitory

pygidium and thorax (NI 120605), from the Nemagraptus gracilis Zone of the middle part of
the Charchaq Group, locality I.

Description

Meraspid specimens
Dorsal shield of degree 4, 8.8mm long, oval in outline. Glabella gently convex, subcircular

in form, wider than long, extremely broad-rounded anteriorly, with an elongated median
tubercle situated at 60% the sagittal length from the posterior margin. Axial furrow shallow
posteriorly, deep adjacent to palpebral lobe. Palpebral lobe band-like, narrowing forwards,
posteriorly placed, about 40% the glabellar length. Posterior area of fixigena tiny, triangular.
Thorax of four segments, subparallel-sided. Axis convex, half the thoracic width (tr.)
anteriorly, tapering backwards. Axial furrows deep. Pleurae broadly faceted abaxially, distal
ends bluntly pointed. Pleural furrows deep and wide. Transitory pygidium weakly vaulted,
64% as long as wide, semicircular in outline. Axis flatly convex, conical, 76% the length and
22% the anterior width of the pygidium, entire, divided into six rings and a narrowly rounded
terminal piece, of which only anterior two are well defined. Pleural lobes including three pairs
of feebly marked pleurae in addition to two well demarcated anterior future thoracic segments.
Border flattened. Border furrow shallow and wide. Doublure about 19% the length of the
transitory pygidium sagittally, narrowing gently abaxially, covered with subparallel and
closely spaced terrace lines, anterior margin convexly arched forwards along the sagittal line
and almost reaching the terminal end of the axis.
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Degree 2 transitory pygidium 2.7mm long, 770/0 as long as wide. It is more vaulted. with an
axis funnel- rather than cone-shaped, and the axial, border. and pleural furrows are more
weakly defined on the true pygidium than in degree 4.

Discussion
D. princeps (Barrande) was described in detail by Marek (1961: 46, piA, figs 1-7). but no

ontogenetic series has been established except a specimen of degree .3 (Marek, 1961 :48),
which has been recorded by Barrande (1872, p1.14, figs 6, 7). It shows an oval dorsal shield
with a subcircular, anteriorly very widely rounded glabella, and an indistinctly segmented
pygidium, in contrast to an elliptical carapace with an elongated, anteriorly narrowing
rounded glabella and almost smooth pygidium both in axis and pleural lobe in mature
specimens, but almost identical with the present degree 4 specimen. Moreover, both forms
share a very distinctive character in cyclopygids the mesially upcurved pygidial doublure.
We therefore consider the present specimens either referable or at least very close to the type
species of Degamella. Marek (1961) separated the type species into two subspecies, that is, D.
princeps princeps and D. princeps praecedens (Kloucek 1916), but the latter, though from an
earlier horizon (the Llanvirn Sarka Beds) in Bohemia, is in fact no different from the former,
as indicated by Fortey and Owens (1987: 1(0).

The meraspid degree .3 and 5 and young holaspid dorsal shields of D. nuda (Whittard,
1961: 180, p1,24, figs 5-10) have been well described and figured from the Llanvirn of
Shropshire, England. It is interesting to note that the immature specimens also exhibit a
shorter carapace and a broader glabella as in the type species and the present form, suggesting
that the elongation of the exoskeleton and glabella may be the most prominent morphological
change which took place during the ontogeny of the known species of Degamella,

Genus Sagavia Koroleva, 1967
Type species

Sagavia felix Koroleva, 1967, from the Llandeilo of northern Kazakhstan.

Sagavia fetix Koroleva, 1967
Figure 8A-J

Sagavia felixa Koroleva, 1967: 82, pI. 10, figs 2-4.

Sagavia felixa Koroleva, Abdullaev, 1972: 107, pI. 46, fig. 9.

Sagaviafelixa Koroleva, 1982: 127, pI. 26, fig. 7.

Sagavia sp.l, Koroleva, 1982: 130, pI. 26, fig. 7 (as pI. 10, fig. 3 of Koroleva, 1967)

Sagaviafelix Koroleva, Fortey and Owens, 1987: 177.

Holotype
Incomplete dorsal shield, K-98-2, figured Koroleva (1967, pUO, fig.2; 1982, p1.26, figA),

from the Tselinograd horizon (Llandeilo), right bank of the Sagi River, northern Kazakhstan.

Figured specimens
One fragmentary dorsal shield (NI 1206(9), one pygidium attached with incomplete thorax

and cephalic doublure (NI 120(16), one pygidium and thorax (NI 12(610), four pygidia (NI
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120611, 120615, 120617, 12(618), one degree I dorsal shield (lacking Iibrigena) (NI 12(614)
and two degree I transitory pygidia (NI 120612, 12(613) from the Nemagraptus gracilis Zone
of the middle part of the Charchaq Group, locality I.

Description

Holaspid specimens
Cranidium incompletely preserved. Glabella broadly arcuate laterally, well defined by deep

and broad axial furrows. Palpebral lobe long, narrow (tr.), strip-like. Posterior area of fixigena
tiny, triangular. Librigena occupied mainly by large eyes; doublure wide (sag.), narrowing
backwards, covered by subparallel fine terrace lines. Hypostoma fragmentary, but indicating
an outline of reversed trapezoid; surface overspread with terrace lines subparallel to the
nearest margin.

Thorax of five segments, broadly curved but almost parallel-sided laterally. Axis gently
tapering backwards, 50% and 40% the thoracic width on the first and fifth segments
respectively. Pleurae narrowing forwards; each pleura extending abaxially for about 30% its
width to fulcrum, then curving gently downwards into a trucated distal:xtremity; pleural
furrow wide and deep; facet wide (tr.), triangular.

Pygidium semioval in form, moderately vaulted, 51-81 % as long as wide. Axis entire,
tapering backwards, rounded posteriorly, 45-55% the length and 37--44% the width of
pygidium, consisting of three rings, a rounded terminal piece and an articulating half ring;
ring furrows shallow and wide. Axial furrow deep and broad. Pleural lobes decline gently
towards the border furrow; anterior half pleura raised, widening abaxially, faceted
anterolaterally, well defined by deep first pair of pleural furrows; faint indications of second
and third pairs of pleural furrows present only on internal moulds. Border convex, widest at
posterolateral corner, from where it narrows anteriorly and posteriorly, Border furrow broad
and deeply incised.

Surface of testaceous thorax and pygidium covered with wide-spaced raised lines, which are
transverse on axis, subparallel to lateral margin on thoracic pleurae, and curved convexly
forwards on pleural lobe of pygidium.

Meraspid specimens
Degree I dorsal shield (Figure 8F) 4.9mm long. Glabella gently arcuate laterally, narrowly

rounded anteriorly, 74% as long as wide. Palpebral lobe long, wire-like, slightly narrowing
forwards. Thorax of one segment. Pleura faceted, shortly pointed abaxially, with deep and
wide pleural furrow. Transitory pygidium 1.8-2mm in length, as wide as long, parallel-sided,
broadly rounded posteriorly. Axis about 70% pygidial length, tapering backwards sharply,
composed of four well marked and three faintly defined rings and a narrowly rounded
terminus. Axial furrow becomes shallower posteriorly. Pleural lobe slightly vaulted, with
seven pairs of pleural and six pairs of interpleural furrows; posterior two pairs of pleural and

~ Figure 8 A-J, Saga via felix Koroleva, 1967, from the Nemagraptus gracilis Zone of the middle part of the
Charchaq Group, Loc.l; A, incomplete dorsal shield, NI 120609, x4; B, pygidium and attached
thorax, NI 120610, x5; C, pygidium, NI 12061 I, x4; D, E, transitory pygidia of degree I, NI
120612, 120613, xlO, x15; F, dorsal shield lacking Iibrigenae, degree I, NI 120614, xlO; G,
pygidium, NI 120615, x8; H, pygidium attached with incomplete thorax and cephalic doublure, NI
120616, x4; I, pygidium, NI 120617, x5; J, incomplete pygidium, NI 120618, x5.
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interpleural furrows only faintly shown. Border defined by shallow furrow, narrow (sag.),
widest posterolateraIly, narrowing anteriorly to, and confluent with, anterior half pleura of
fifth pleura.

Discussion
Since the type species S. felix was established by Koroleva (1967), a single pygidium has

subsequently been referred to it by Abdullaev (1972) from the late Ordovician of the Bukantau
Mts, Uzbekistan. The new material agrees well with the original specimens, and is also
considered as referable to the species. The pygidium of the holotype is 77% as long as wide
with the axis about 55% the pygidial length. The figures fall within the range of variation
shown in our specimens.

Four other species from Central Asia have been assigned to the genus Sagavia: S. modica
Koroleva (1967: 83, pUO, figs 5, 6; 1982:129, p1.26, figs 5, 6), S. novakellaformis Koroleva
(1982: 30, p1.26, fig.9) and S. heterocyclopygeformis Koroleva (1982: 32, p1.26, fig. to) from
the Middle Ordovician (Llandeilo-Caradoc) of northern Kazakhstan, and S. elongata
Petrunina (in Repina et al. 1975: 191, p1.33, figsl7, 20-23) from Kielanella-Tretaspis beds of
Ulugtay District, south Tien-Shan. All these species were separated largely on the ba<;is of
different proportions of the pygidial width to length and the pygidial axis to the pygidium,
but, as noted by Fortey and Owens (1987: 179), they all have well defined pygidial axes and
posterolateraIly widening pygidial borders as in the type species. In specimens of these four
species, the length/width ratio of the pygidium varies from 60% to 80%, and the length of the
pygidial axis is 50-58% the pygidial length, almost comparable with the range of intraspecific
variation in S. felix as indicated by the present material. It seems likely that these Central
Asian species may be either a group of species closely related to, or even conspecific with, the
type species.

Sagavia glans Fortey and Owens (1987: 177, Fig. 54a-c) from the Pontyfenni Formation
(late Arenig), Pontyfenni, South Wales has been considered as a primitive form by the
authors; it is characterised by the pygidial axis being poorly defined posteriorly and the
pygidial border steadily widening posteriorly.

Judging from the present material, morphological changes that took place during the
ontogeny of S. felix are minimal, including only the deepening of the border furrow and
posterior axial furrow of the pygidium. Following the successive release of the anterior
segments to the thorax, the transitory pygidium becomes proportionally shorter (sag.); it is
45% the exoskeletal length in the meraspid degree 1, but in the holaspid pygidium the
corresponding figure is 36%.
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