Cnidarian-like embryos associated with the first shelly fossils in Siberia
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ABSTRACT

Phosphatized spheroids, ~0.5 mm in diameter, in the Lower Cambrian Manykay Formation
at the Bol'shaya Kuonamka River in northern Sakha (Yakutia) are interpreted as cnidarian
embryos of late developmental stages. One of the poles has a double cross-like structure, con-
sisting of two sets of four bands each. The bands of the upper set radiate at 90° from each other;
those of the lower set also radiate at about right angles from each other, but the set is rotated
45° in respect to the upper set. Although there is a resemblance to the cross-like arrangements
of cells in pregastrulation spiralian eggs, in particular those of annelids, the combined evidence
favors an interpretation of the bands as incipient tentacles of a cnidarian actinula larva. The
embryos occur with one of the first assemblages of shelly fossils in northern Siberia, that of the
Angustiochrea latazone. The co-occurring shelly fossils, anabaritids, probably also represent
the phylum Cnidaria, but because their tubes have a consistent triradial symmetry, the con-
nection with the tetraradially symmetrical embryos is problematic. The size of the embryos
suggests that they are nonplanktotrophic, and the presence of actinula-like features suggests
the lack of a free planula stage.

INTRODUCTION bank of the Bol'shaya Kuonamka, 1 km upstrearforms a 10—15-cm-thick layer on top of an ero-

The globular microfossilMarkueliaValkov — of the mouth of the brook Ulakhan Tyulensional surface in a thrombolitic sequence, 3.1 m
andOlivooidesQian from the Early Cambrian (Fig. 1). It corresponds to section A-51 of Val’kovabove the first shelly fossils in the exposed sec-
are now recognized as phosphatized embryos @975, 1987). The globule-containing sampletion. It corresponds to the “marker bed with
metazoans (Bengtson and Yue, 198@rkuelia  96K4-4.0, is from a carbonate packstone thatngustiochreids [anabaritids]” of Val'’kov (1975,
from the basal Tommotian of the southern part of
the Siberian platform (the Dvortsy section on tt
River Aldan), is a segmented worm-like animg
of problematic affinities (possibly a halkieriid, a:
suggested by Conway Morris, 1998)ivooides - ]
represented by a nearly complete developmer [~ =
sequence from early cleavage stages to hatcl :
and grown individuals, is interpreted as a cnidari
similar to the extant coronate scyphozoans (Y
and Bengtson, 1999).

These and other discoveries of phosphatiz
embryos (see also Zhang and Pratt, 1994)
Cambrian deposits suggested that such fos:
have been overlooked because of their nonc
script morphology. Following the Cambrian dis
coveries, embryonic fossils were reported fro
the late Neoproterozoic Doushantuo Formatic
in southern China (Li et al., 1998; Xiao et al
1998). We report here embryos of probab
cnidarian affinity associated with taabarites
fauna in northern Siberia, which represents tl
oldest shelly fossils from the Precambrian-Car
brian transitional strata in that area.

Figure 1. Schematic sec-
tion of Manykai Formation
at locality 96K4, Bol'shaya
Kuonamka.

= Siltstone and sandstone
with calcareous cement,
[ — partly cross-bedded

Coarse sandstone,
predominantly cross-
.| bedded

Thrombolitic limestone and
dolostone with interbeds of
wackestone and/or pack-
stone with anabaritids

MATERIAL AND METHODS

The material derives from our field work in the
summer of 1996 along the Malaya and Bol'sha'
Kuonamka Rivers on the northeastern flanks
the Anabar massif, Sakha (Yakutia). The localit
96K4, is in the Manykay Formation on the lef
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p. 8), which belongs to th&ngustiochrea lata DESCRIPTION OF THE SPECIMENS
zone of the Manykaian stage. The sample was Of the globules investigated (Figs. 2 and 3jhe first bands and to meet at slightly oblique
dissolved in 10% acetic acid, and the specimensnly two show structures that permit any specifiangles, apparently as a result of the slight elonga-
preserved as calcium phosphate, were isolatedgorphological conclusions (Fig. 2). The firsttion of the spheroid in the direction of one of the
from the insoluble residue. Four globules oépecimen (Fig. 2, A-C) is a slightly irregularradii (Fig. 2B). Most of the remaining surface
430-550um size (Figs. 2 and 3, A and D) andoblate spheroid, 520-550m in diameter and has the appearance of a somewhat buckled mem-
more than 100 smaller globules (Fig. 3, B and GJOOum in axial length, displaying at one pole abrane (Fig. 2A).

were found, in association with an assemblage pattern of tetraradial symmetry. This pattern The second fossil (Fig. 2, D-F) is a somewhat
anabaritids (Fig. 4). The specimens are houseddonsists of 50-mm-wide and 100-mm-longsmaller, prolate spheroid, with a diameter of
the Swedish Museum of Natural History, Stockbands that have diffuse outer ends and meet480um and an axial length of 4¢0n. Most of

90° in the center; at 45° angle to these bandse surface is covered with filaments (245

holm, Sweden.

Figure 2. Fossil embryos
from sample 96K4-4.0.
A-C: Specimen SMNH X
2345. 100x magnification.
A: Aboral view, showing
smooth buckling of outer
membrane. B: Oral view,
showing tetraradial struc-
ture interpreted as eight in-
cipient tentacles arranged
in one oral and one sub-
oral circlet (o1, 02: two oral
tentacles; sol, so2: two
suboral tentacles). C: Side
view (notation as in B). D—I:

Specimen SMNH X 2346.

D: Aboral view, showing

concentric filaments. E:

Oral-lateral view, showing

concentric (cf) and radial

(rf) filaments and radial
folds (arrows, shown in

G-l), and incomplete outer
membrane (m). F: Side
view, showing concentric

(cf) and radial (rf) filaments

and membrane (m). D-F:
115x% magnification. G-I:
Radial folds at oral pole,
600x magnification.

C

Figure 3. Fossil eggs (A, B, D) and egg-like ob-
ject of possible nonbiogenic origin (D) from
sample 96K4-4.0. A: Specimen SMNH X 2347.
B: Specimen SMNH X 2348. C: Specimen
SMNH X 2349. D: Specimen SMNH X 2350.
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Figure 4. Anabaritid Aculeochrea ornata Val'kov
and Sysoev, 1970, from sample 96K4-4.0.
Internal mold. Specimen SMNH X 2351. A: Lat-
eral view. B: Apical-lateral view.

there are similar bands that appear to be beneath

wide). At one of the poles, the filaments are
radially arranged, and in the central part they are
covered by a phosphatic crust (Fig. 2E), similar
in appearance to that of the first specimen. Toward
the edges of this radial zone, there are radial folds
in which the filaments converge to form a chev-
ron pattern (Fig. 2, E, G-I); eight such folds
appear to be present. Beyond the radial zone, the
arrangement of the filaments is somewhat more
disorderly, but broadly they seem to define a con-
centric pattern that is perpendicular to the radial
pattern (Fig. 2F).

Other globular specimens vary from 265
to 510pum in diameter. They are either smooth
(Fig. 3C) or have a buckled or collapsed surface
(Fig. 3, A, B, and D). Whereas the smooth forms
may represent nonbiogenic structures, particu-
larly ooids, the buckled specimens clearly repre-
sent an outer, flexible membrane covering a
partly collapsed interior, strongly suggesting a
biological nature. The polygonal pattern of
buckling in some specimens (Fig. 3, A and B)
may reflect an underlying cellular pattern.
Another specimen (Fig. 3D) has a broken outer
membrane, and the interior part shows botryoidal
apatite covering thread-like structures. This is a
common diagenetic structure inside phospha-
tized fossils, apparently reflecting the presence
of degraded soft tissue (e.g., Bate, 1972, Plate
67:1; Bengtson, 1976, Fig. 3, D and E; Conway
Morris and Chen, 1992, Fig. 7; Yue and Bengtson,
1999, Fig. 10).

INTERPRETATIONS OF EMBRYONAL
STRUCTURES

The two specimens in Figure 2 are interpreted
as animal embryos, on the basis of a distinct po-
larity, the presence of a thin, smooth outer mem-
brane, and the morphological similarity with the
late embryonal stages 6flivooides Although
the two specimens are different in appearance,
that both express an octaradiate or tetraradiate
pattern, are of similar size, and occur together
suggest that they belong to the same taxon, the
difference between them being due to a differ-
ence in preservation or developmental stage.

Alternative interpretations of the fossils in-
clude unicellular eukaryotes, such as acritarchs,
or propagules and/or cysts of algae. However, we
are not aware of any structure similar to the
double cross in such organisms; the function of
the cross would be unexplained in such an inter-
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pretation. In addition, the co-occurrence of formsrossed bands shows no sign of an openi
with suggestions of collapsed cells under a menfFig. 2A), we interpret this pole as aboral, th
brane (Fig. 3, A and B) is a further indication thatentacles thus occupying an oral position. Larv
embryos are present in this fossil material. such as those of the Actinulida in Figure 5 woul

Embryos of one taxon tend to be similar irif developing within spherical egg membrane
size, and during the early cleavage stages thpyobably be very similar to the fossil specime
typically do not grow, as the total cytoplasm rein Figure 2, A—C. These particular recent larva
mains approximately the same. The specimem®wever, have their tentacles near the aboral, 1 A
in Figure 3, A and D, are of the same size as thke oral, pole.
embryos in Figure 2 and may represent the The presence of radiating structures at orfigure 5. Actinula larvae of extant actinulid

. . . D Halammohydra schulzei Remane, showing

same taxon. The one illustrated in Figure 3B |Bqle re_sembles the c_ondltlon in late embryos Gwo sets of tentacles (al, a2: two aboral tenta-
only about half as wide as the other ones arf@livooides The latter is probably a scyphozoangies: sa1, sa2: two subaboral tentacles). A: Lat-
probably represents another taxon or life staggidging from the similarities between the conicaeral view. B: Oral view. From Swedmark and
The specimen shown in Figure 3C is of théatchlings ofOlivooidesand the sheaths of the Teissier (1966, Fig. 3, J and K; no magpnifica-
same size as that in Figure 3B, but its biogenigedentary polyps in certain modern scyphozoal'o" 9ven)-
origin is uncertain. (Bengtson and Yue, 1997; Yue and Bengtsol

Structures similar to the cross on the bestt999).0livooideshas a pentaradial symmetry,
preserved specimen (Fig. 2, B and C) occur &isible in the apical part of the hatched conemg by internal and apertural accretion, with a
the blastula stages in bilaterally symmetricaland possibly in the aboral pole of at least sonféorous microstructure (Bengtson et al., 1990;
metazoans with spiral cleavage. This is the sembryos; cf. Yang et al., 1983, Plate 1V:3c). Th&Conway Morris and Chen, 1989).
called “annelid cross,” typical of annelids andetraradial structure of the Kuonamka embryos Originally regarded as polychaetes (Glaessner,
echiurans, and the “molluscan cross,” typical ofhus sets them apart frof@livooides but is 1976; Voronova and Missarzhevsky, 1969), the
molluscs and sipunculans. These structures acensistent with a cnidarian affinity. Judging fromanabaritids were later reinterpreted as cnidarians
formed by radial rows of cells arranged arounthe size and from the presence of actinula-likéMissarzhevsky, 1974), probably closely related
the animal pole of the embryo. The arms of théeatures, the new embryos appear to have betenscyphozoans (Bengtson et al., 1990; Val'kov,
annelid cross project at angles of 45° to theonplanktotrophic direct developers without @982). The main basis for this interpretation is the
cells of the apical rosette (Pilger, 1997free planula stage. In this, they also resembladial symmetry and morphological similarities
Fig. 10.17), whereas those of the mollusc croglivooides(Bengtson and Yue, 1997; Conwaywith the Paleozoic conulariids and with strobi-
are situated in the radii of the apical rosett&lorris, 1998; Yue and Bengtson, 1999). lating polyps of modern scyphozoans. Val’kov
(Pilger, 1997, Fig. 10.8). The presence of an embryo with tetramergl1l982) referred them to a scyphozoan subclass

Although the similarity of these crosses, espesymmetry and what may be interpreted as eiglngustimedusae Val'kov, 1982, stressing that the
cially that of the annelid type, to our fossil is in-incipient tentacles suggests that these fossils drgadial symmetry would distinguish them from
triguing, we think that the combined evidencenidarian embryos. (The filaments in Fig. 2pther scyphozoans. Fedonkin (1986) drew atten-
from the two fossil specimens suggests that we—I, may represent cilia or microvilli thickenedtion to the presence of Vendian disk-like fossils
are dealing with a taxon that shows tetraradiddy diagenetic incrustation of apatite.) The onlye.qg., Tribrachidium Albumare$ with triradial
symmetry during a prolonged phase of its latéossils of adult animals cooccurring with thesesymmetry, implying a possible phylogenetic rela-
embryology, perhaps also as a larva or adult. Fuembryos are anabaritids, the tubes of which at®nship with the anabaritids.
thermore, the band-like structures on the bestmusual because they are characterizetliby = The notion that the tetraradial embryos
preserved specimen (Fig. 2, B and C) do natdial symmetry. Whereas it is quite possibleecorded from the Kuonamka section may have
show any cellular pattern. that the Kuonamka embryos derive from cogiven rise to triradial anabaritid adults may seem

Tetraradial symmetry is characteristic of seveccurring animals that failed to be fossilized, théarfetched, but it is not inconsistent with cnidarian
eral groups of cnidarians, particularly hydro-possibility that the embryos represent anabaritidsology. Tetraradial symmetry is a widespread

zoans and scyphozoans, but also octocoral anthweeds also to be considered. feature in cnidarians, and secondary derivation of
zoans. Octocoral planulae metamorphose into other symmetry forms has been documented. For
small polyps with eight tentacles (Tardent, 1978 ANABARITIDS the scyphozoans, Gershwin (1999) worked with

In some hydrozoans, the planula larva metamor- The anabaritids (Fig. 4) are a group otlonemates of five species and found variation in
phoses into an actinula larva typically bearingnimals with tubular to conical shells, apparsymmetry to be prevalent. It is not unusual for a
eight tentacles; this metamorphosis may takently confined to the latest Proterozoic and eascyphistoma of one symmetry to give rise to
place within the parental gonophore (Martinjiest Cambrian. They are particularly charactedarvae of numerous different symmetries. The
1997; Tardent, 1978), thus technically at the emistic of the Precambrian-Cambrian boundargymmetry of the adult is fixed in the larval stage;
bryonal stage. In the meiofaunal hydrozoan ordéreds of the Siberian platform and of the Palaedhus, nontetramerous larvae grow into non-
Actinulida, the embryo develops directly into artethys phosphorite belt. Although anabaritid¢etramerous adults.
actinula-like juvenile; further ontogeny essenwere described as early as 1919 from the Cam-In the scyphozoaAurelia, not only is sym-
tially consists of modifications of the actinulabrian of Sweden (Rosén, 1919), taxonomienetry plastic, but it appears to be correctable over
pattern (Swedmark and Teissier, 1966). work did not start until 50 years later with thetime. Gershwin (1999) found that an initially
The crossed bands seen in Figure 2 (B and €j)ection of the genusnabaritesMissarzhevsky highly variable (88.9% nontetramerous indi-
might represent eight incipient tentacles of §/oronova and Missarzhevsky, 1969). The disviduals) population oA. labiatashowed a sig-
cnidarian embryo developing into an actinulatinctive feature of anabaritids is the triradiahificant decrease in variability (to 29%) after 4.5
The two levels of bands at 45° angles to eacdymmetry, usually expressed as three, occasiomonths of laboratory breeding. These findings
other are suggestive of the two circles of tentally six, longitudinal grooves. The morphologysuggest that, at leastAurelia, symmetry varia-
cles typically present in actinula larvae (e.g.is quite variable, and some forms have the triion is due to developmental disturbances rather
Swedmark and Teissier, 1966; Vyver, 1968radial symmetry only weakly expressed or not d@han to genetic variability. In several extant taxa
Fig. 3). Because the pole opposite that with thall. The walls were probably aragonitic, grow-of hydrozoan medusae, symmetry number re-
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mains flexible throughout ontogeny; that is, thérowne, E. T., 1901, Variation iAurelia aurita: Bio- ~ Rosén, S., 1919, Uber einige neue Problematica in
medusa adds parameres as it grows (Mayer metrika, v. 1, p. 90-108. einem fossilfiihrenden Kalkstein aus dem nord-
L Urkenroad, M. D., 1931, A new pentamerous Hydro- schwedischen Hochgebirge: Uppsala University
1901). In others, however, the deV'?tlon f_ronF medusa from the Tortugas: Woods Hole Oceano-  Geological Institutions Bulletin, v. 16, p. 159-168.
tetramerous symmetry seems genetically fixed.  graphic Institution Biological Bulletin, v. 61, Swedmark, B., and Teissier, G., 1966, The Actinulida
For example, Mayer (1901) and Burkenroad  p.115-119. and their evolutionary significanda,Rees, W. J.,
(1931) reported apparently stable populations &onway Morris, S., 1998, Eggs and embryos fromthe  ed., The Cnidaria and their evolution, Volume 16:
Cambrian: BioEssays, v. 20, p. 676—682. Symposia of the Zoological Society of London:
pentamerous. hydrqmedusae. quthermore, the(E%nway Morris, S., and Chen, M., 1989, Lower Cam- London, Academic Press, p. 119-133.
are at least six species characterized by hexamer- " pian anabaritids from South China: GeologicalTardent, P., 1978, Coelenterata, CniddriSeidel, F.,

ous symmetry, and several more that are octamer- Magazine, v. 126, p. 615-632. ed., Morphogenese der Tiere, Volume Lieferung
ous (Mayer, 1901). Thus, while symmetry isConway Morris, S., and Chen, M., 1992, Carinachitiids, 1:A-1: Jena, Fischer, p. 71-415.
highly variable, it is capable of fixation. hexangulaconularids, anéunctatus Prob- Val'kov, A. K., 1975, Biostratigrafiya i khiolity kem-

lematic metazoans from the Early Cambrian of briya severo-vostoka Sibirskoj platformy: Mos-

Whereas triradial medusae are not uncommon South China: Journal of Paleontology, v. 66, cow, Nauka, 139 p.

as members of symmetrically variable popula-  p 384-405. Val'’kov, A. K., 1982, Biostratigrafiya nizhnego kem-
tions (e.g., Browne, 1901; Hargitt, 1901, 1905Fedonkin, M. A., 1986, Precambrian problematic ani- briya vostoka Sibirskoj platformy: Moscow,
Romanes, 1877, Plate 16:4), stable populations ma|51;h9if(53<'>\lqty pll(é}nl\ﬁng thloggﬂw,ﬁOﬁ- eVl Naxké}i{ 91&-37 Bostratiarafiva nish y

; P ; man, A., and Nitecki, M. H., eds., Problematic Val'’kov, A. K., , Biostratigrafiya nizhnego kem-
of F”m‘?m“s mdeual_s ar.e not kn_own in modern fossil taxa: New York, Oxford University Press, briya vostoka Sibirskoj Platformy (Yud.—Ol.
cnidarians. The Actinulida, which show the p.59-67. region): Moscow, Nauka, 136 p.
closest similarities with the embryos describedershwin, L.-A., 1999, Clonal and population variationvoronova, L. G., and Missarzhevsky, V. V., 1969,
here, may have a propensity for triradial sym- in jellyfish symmetry: Marine Biological Associ- Nakhodki vodoroslej i trubok chervej v pogranich-

metry: Swedmark and Teissier (1966, p. 120 ation of the United Kingdom Journal (in press). nykh sloyakh kembriya i dokembriya na severe
reported that about 90% of the specimens & laessner, M. F., 1976, Early Phanerozoic annelid Sibirskoj platformy [Finds of algae and worm

. . . worms and their geological and biological signif- tubes in the Precambrian—Cambrian boundary
Halammohydra vermiformisxamined had three icance: Geological Society of London Journal, beds in the northern part of the Siberian Plat-
tentacles in the aboral girdle, only 10% having  v. 132, p. 259-275. form]: Akademiya Nauk SSSR Doklady, v. 184,
four. This does not represent total triradial body'afgigy_ CI: W, %gOﬁ,:(ariatié)n arznzolngzgi/dfomEdusae{/ D-éOZ/—ZDlO-l%S Etude du dével .

; iological Bulletin, v. 2, p. 221-251. yver, G. V. D., , Etude du développement em-
symmetry, however, as all specimens had fOlﬁargitt, C. W., 1905, Variations among scypho- bryonnaire des hydraires athécates (gymnoblas-
subaboral tentacles and four statocysts. medusae: Journal of Experimental Zoology, v. 2, tiques) a gonophores. Il. Formes a actinulas:

The anabaritids might conceivably representa  p. 547-582. Archives de Biologie, v. 79, p. 327—363.

case of a triradially symmetrical cnidarian retainki, C.-W., Chen, J.-Y., and Hua, T.-E., 1998, PrecamXiao, S., Zhang, Y., and Knoll, A., 1998, Three-dimen-

ing traces of tetraradial symmetry in the embryo, brian sponges with cellular structures: Science, §|ona| preservation of algae ar_]d animal embryos

and perhaps in the larva. However, unless speci: V. 279, p. 879—‘852._ o in a Neoproterozoic phosphorite: Nature, v. 391,
! Wlamn, V., 1997, Cnidiarians, the jellyfish and hydras, p. 553-558.

mens (embryonal or postembryonal) can be nGilbert, S. F., and Raunio, A. M., eds., Embry-Yang, X., He, Y., and Deng, S., 1983, On the Sinian—

found that combine the two forms of symmetry, ology. Constructing the organism: Sunderland, Cambrian boundary and the small shelly fossil

this idea must be regarded as speculative. Massachusetts, Sinauer, p. 57-86. assemblages in Nanjiang area, Sichuan: Chengdu
Mayer, A. G., 1901, The variations of a newly-arisen Institute of Geology and Mineral Resources Bul-
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