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Remarks on the shell structure of Halkyardia maxima CIMERMAN:
its umbilical plug and the microspheric form

Franc Cimerman and Adrijan Kosir
With 3 figures

Abstract: The paper presents for the first time the structure of the microspheric form of Halkyardia
maxima in axial and eguatorial thin-section photomicrographs. A very small proloculus (10 pmin
diameter) isfollowed by aspiral composed of 9 chambers, gradually increasing in size. The axial sec-
tion of the megalospheric form shows that the umbilical plug isnot a special morphological formation
but results from the accretion of lamellae of consecutive cycles.
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1. Introduction

Halkyardia is agenus of Paleogene larger foraminifera
with a circumtropical cosmopolitan distribution
(BoupacHER-FADEL 2008). In the early description
of Halkyardia maxima CimMErRMAN, 1969, from the
Oligocene beds near the Village of PoljSica (NW
Slovenia, Fig. 1), the species name was chosen to mark
its distinction from the Eocene species Halkyardia
minima Liesus, 1911. The original study was based
on sufficient material to make a series of different
sections through foraminiferal tests allowing the study
of the shell morphology, internal structure and the
embryonic apparatus. Most of the sections belonged
to megalospheric forms whereas the microspheric
generation, generally much less abundant than
megalospheric, was determined in two specimens
only. To date, the chamber arrangement in the early
embryonic part of the microsphere form remained
obscure.

In a study of Oligocene successions in the Bohinj
Valley (Fig. 1), HerLEC (1985) discovered athin layer
of clayey marl richin Halkyardia maxima. A sample of
marl yielded abundant megalospheric shells aswell as
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numerous microspheric forms. Microspheresare readily
recognizableal ready by their size, sincelarge specimens
reach a diameter of more than 1.5 mm.

Early descriptions of the genus Halkyardia and its
senior synonyms were based solely on external test
shape features (Liesus 1911; HaLkYARD 1919). Later
emended descriptionsincluded internal characteristics
but were based exclusively on megalospheric forms
(LoesLicH & Taprpan 1987) or on questionable drawings
and a schematic model of both megalospheric and
microspheric generations (Burscu 1947). Here we
describe and present for the first time the shell
architecture of the microspheric form of Halkyardia
maxima, in particular the embryonic apparatus and
umbilical structures.

2. Material and methods

The studied material was collected by Uros HErLEC from a
layer of clayey marl, 15 cmthick, withinthe clastic succession
of the Gornji Grad beds at the locality Grapa nad Zlanom
(46°15'25" N, 13°55'5” E) in the Bohinj Valley (Fig. 1).
Nannoplankton assemblage from the marine clay (Sivica)
overlying the Gornji Grad beds indicates biozone NP23
(Rupelian, Lower Oligocene; Pavsic & Horvat 2009).
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Fig. 1. Outline map of Slovenia showing the position of the studied localities, Bohinj and PoljSica

Foraminiferal tests were picked under a binocular
microscope from a residue obtained from the clayey marl
sample by disintegration in diluted hydrogen peroxide. To
reach the chambers of the embryonic apparatus, individual
tests were embedded in vertical position and mounted onto
aglass dide with Canada Balsam and then polished nearly
to the middle of the test. Subsequently, the specimens were
turned for 180° and polished from the other sideto reach the
thin section nearly to the middle of the test. To make dides
of theembryonic apparatusin equatorial planethe specimens
were embedded with their ventral side to the glass side and
then polished from the apex downwards to reach the initial
spiral of the embryonic apparatus under the apex.

Initially, dight grinding using F600 grit silicon carbide
was used but the method turned out to be too rough for the
small size of the embryonic chambersin microspheric forms.
Better resultswere obtai ned by gentle, step by step polishing
of the apex using F2400 grit aluminum oxide powder which
gradually exposed the proloculus and theinitial spiral. Thin
sectionswere examined and photographed in plane polarized
light with a L eitz Orthoplan microscope.

3. Systematic paleontology

Subphylum Foraminiferap’OrBIGNY, 1826
Order Rotaliida DELAGE & HErROUARD, 1896
Suborder Rotaliina DELAGE & HEROUARD, 1896
Superfamily Planorbulinoidea Schwacer, 1877
Family Cymbaloporidae Cusaman, 1927
Subfamily Halkyardiinae Kupo, 1931

Genus Halkyardia HERON-ALLEN & EArRLAND, 1919

Type species. Cymbalopora radiata voN HaGEnow var.
minima Liesus, 1911

Speciesincluded: Cymbalopora radiata von HAGENOW var.
minimaLiesus, 1911; H. bartrumi Parr, 1934; H. bikiniensis
CoLE, 1954; H. maxima CiMERMAN, 1969; H. minima (Liesus,

1911); H. ovata (HALKYARD, 1919); H. ucrainica YARTSEVA,
1964.

Diagnosis. Based on BoupaGHEr-FaDeL (2008, pl. 6.27,
fig. 12). Test biconvex, with an embryont consisting of alarge
protoconch and deuteroconch, and two primary auxiliary
chambers. The umbilicusisfilled with horizontal bilamellae
and connecting pillars.

Stratigraphic range: Middle Eocene (Lutetian) to Middle
Oligocene (Rupelian).

Geographic distribution: Slovenia, Italy, France, Spain,
Germany, Turkey, Azerbaijan, Armenia, Iran, Oman, Indig;
Pacific: Bikini Atoll, Marshall Ilands, New Zealand.

Remarks. LoesLicH & Tappan (1987: 593, pl. 652, figs. 1-
13) described characteristics of the genus Halkyardia
HERON-ALLEN & EARLAND, 1919: “Test commonly small, up
to 1,3 mmin diameter, biconvex, spiral side more convex,
megal ospheric test with large hemispherical protoconch,
large deuteroconch, and two primary auxiliary chambers,
later chambers in numerous cycles, small as seen from the
spiral side, arched toward the periphery and alternating
in position with those of the preceding cycle, only those
of the final whorl visible on the opposite side, where the
chambers appear elongate, inflated, and tubular, umbilical
region beneath the embryonic chambers filled with a
wide perforate plug formed by horizontal lamellae and
connecting pillars, periphery subangular, peripheral outline
lobulate; wall calcareous, optically radial, thickened by
addition of lamellae on the distinctly perforate spiral side;
no aperture other than the surface pores.”

As we see the authors mentioned the megalospheric
embryo only. The internal architecture of the test of the
genus Halkyardia was presented in detail by Bursch (1947:
29-43) who, however, erroneously considered hismaterial as
belonging to H. minima of Liesus. He noted that the chambers
were only visible on the margin of the test and on the ventral
side where they were arranged radially around a coarsely
porousumbilical filling. His sketches, based on thin sections,
show both a megalospheric and a microspheric embryonic
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Fig. 2. Axial sections of Halkyardia maxima Cimerman. A —Megal ospheric form, sample Hk-1112-7 from CiMerMAN (1969).
Fig. A2.isadetail of Fig. A1 showing the lamellae forming the outer wall of achamber. B —Microspheric form, sample V-8.
C —Muicrospheric form, thin sample V-14. D — The largest microspheric specimen found (sample V-15), 1.56 mm in diameter,
with 18 chambers seen, approximately 11 lamellae in the dorsal thickening. The section is not made directly through the
center, thereforeonly 12 lamellaein theumbilical plug arerecognizable. Inthetop of the plug somejuvenile chambers appear.

apparatus but are presented very schematically, especially 1969 Halkyardia maxima n. sp. — CiMERMAN, p. 296, pl. 57,

the latter form. Bursch also draw a model of the internal figs. 1-11.
structure of the test; the umbilical plug was considered a 2002 Halkyardia maxima CiMERMAN. — CaHuzAC & Por-
special featurecalled umbilical filling (“Umbilikal fullung”). GNANT, pl. 2, fig. 14.
2?2004 Halkyardia sp. — MENKVELD-GFELLER & DECROUEZ,
Halkyardia maxima CiMErMAN, 1969 p. 322 fig. 41
Figs 2-3 2010 Halkyardia maxima CIMERMAN. — BENEDETTI, p. 202,

pl. 2, figs. 3-4; text-figs. 6-8.
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Fig. 3. Microspheric form of Halkyardia maxima Cimerman. A —Thin section V-5 comprising awholetest; photomicrograph
taken from the spiral side of thetest in transmitted light in oblique darkfield. B — Close-up view showing detail of theinitial
part of the embryonic apparatus of the same specimen; the spiral tracein Fig. B2 is emphasized with a black line.
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Emended diagnosis. Test lenticular, usually concavo-
convex, more rarely planoconvex (especially the smaller
tests), sometimes even somewhat biconvex. The dorsal side
always convex, changeableisonly theventral side. Embryonic
chambers very large.

Stratigraphic range: Lower Oligocene (Rupelian).

Geographic distribution: Slovenia, Italy (BenepeTTi 2010),
France (Canuzac & PoigNanT 2002), Spain (SERRA-KIEL et al.
1996), Turkey (SIReL & GUNDUZ 1979; AKKIRAZ €t al. 2011).

4. Structural analysis from axial sections

4.1. Microspheric forms

Axial sectionsof thelargest specimensareshownin Fig.
2. Thin section V-15 (Fig. 2D) showsan axial section of
the largest specimen with thetest diameter of 1.56 mm.
In thin section V-14 (Fig. 2C) dorsal thickening above
the embryonic apparatus and the umbilical plug under
it is clearly visible. The umbilical plug is composed
of 18 lamellae; the spiral side shows 17 lamellae.
Around 15 chamber cycles are visible. The number
of chamber cycles and lamellae cannot be exactly
established because they condense towards the apex or
are not clearly distinguishable due to preservation. It
is, however, clear that the umbilical plug and the dorsal
thickening share the same origin. In each new chamber
cycle the outer lamella mantels almost the entire test.
Under the embryonic apparatus, devoid of new chambers
added at each cycle, lamellae accrete directly one on
another. A similar pattern is seen on the dorsal side
where lamellae do not reach the apex to embed the
whole test but terminate close to it.

The specimen in section V-8 (Fig. 2B) shows 18
lamellae in the umbilical plug and 19 lamellae on its
dorsal side. About 14 chamber cycles are visble. The
fact that the number of lamellae in the umbilical plug
is larger than the number of chamber cyclesis aresult
of the growth pattern. The chambers are added in
concentric cycles, where each new chamber is added
aternately between two older chambers. Therefore, the
axial section never showsall the chamber cyclesbut all
thelamellae—either on theumbilical or thedorsal side.

4.2. Megalospheric form

The axial section of a megalospheric form (Fig. 2A;
sample Hk-1112-7 of Cimerman 1969) clearly shows
that individual lamellag, forming an outer wall of a
chamber (Fig. 2A2), extend to the umbilical space

and consequently fill it up. The umbilical plug
(“Umbilikalfillung” of Burscu 1947), therefore, does
not represent a special morphological element but
merely results from the accretion of lamellae of all
consecutive cycles.

4.3. Embryonic apparatus of a microspheric form

Thinsection V-5 comprisesawholetest of amicrospheric
form. Photomicrograph (Fig. 3A) was taken from the
spiral side of the test in transmitted light in oblique
darkfield. Fig. 3B1 and 3B2 show a detail of theinitial
part of the embryonic apparatus of the same specimen.
Theproloculusisspherical butisnot completely visible
due to its small size. The estimated diameter of the
proloculusis 10 um. It isfollowed by aspiral composed
of 9 chambers, gradually increasing in size with the
last chamber measuring 50 pum in diameter. From the
ninth chamber onwards, the test growth proceeds in
chamber cycles.
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