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ON THE EVOLUTION OF THE PSAMMOSTEIDS 
(HETEROSTRACI) 

After our joint paper ( 1965) has been published, new materials of 
psammosteids have been collected in the Baltic area, and a number of 
new restorations have been made, and some of the older ones modified. 
The purpose of the present paper is to give a concise account of the 
evolution and ontogenetic development of this interesting group of fossil 
Agnatha, together with some data on their morphology. This study is 
based solely on the material from the Main Devonian Field (Baltic states, 
Leningrad, Pskov and adjacent regions), which is the chief area of deve
iopment of the psammosteids in the Soviet Union, as well as in the world 
in general. 

In the Givetian and Frasnian of the Main Devonian Field the psam
mosteids are represented by seven genera, comprising numerous species. 
Their fossil remains consist as a rule of isolated plates and scales. Only 
in very few cases same of the plates have been preserved in natural 
tonnection. Most frequently the branchial plates are met with, so that 
many species have been founded only on these plates. Lateral and ridge 
scales are rather common. Dorsal and ventral plates are twice as ·rare as 
the branchials. Other plates: rostrals, pineals, orbitals, postorbitals, cor
nuals and the anterior plates of the ventral carapace, have been discovered 
only in a few occasions. 

Although the material of many forms is rather insufficient, attempts 
have been made to make restorations of a number of psammosteids (Fig. 
l). In making the restorations Drepanaspis gemuendenensis, recently 
described in great detail by Gross (1963) was used as a standard of com
parison. Drepanaspis and the psammosteids differ in some respects, but 
there is a great similarity in the arrangement of the plates in these forms. 
Furthermore, some plates of the psammosteids: rostrals, orbitals, post
orbitals, cornuals and the medial marginal closely resemble in form those 
of Drepanaspis. The psammosteids differ from Drepanaspis mainly in the 
shape of the branchials and in the structure of the dorsal and ventral 
plates. 

A number of restorations have already been published (Obruchev and 
Mark-Kurik, 1965). Some of them, those of Tartuosteus maximus Mark
K urik, Pycnosteus tuberculatus (Rohon), Ganosteus stellatus Rohon and 
Psammosteus bergi (Obr.) are now presented in a somewhat modified 
form. Restorations of Schizosteus heterolepis (Preobr.), Tartuosteus (?) 
Juhai Mark-Kurik, Ganosteus artus Mark-Kurik, Psammolepis toriensis 
.JMark-Kurik) (formerly referred to Schizosteus), Psl. abavica Mark-
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K urik, Psl. paradoxa Ag., Psl. alata Mark-Kurik, Psammosteus livonicus 
Obr., Ps. praecursor Obr. and Ps. maeandrinus Ag. are new. They are 
based on the material already published (Obruchev and Mark-Kurik, 
1965), as well as on the new material described in a forthcoming paper 
by Mark-Kurik (1968). The restorations, though schematic, demonstrate 
the great variety in the body form of the psammosteids and its changes 
within their genera. 

The Givetian and early Frasnian psammosteids were large forms. If the 
proportions of their body and tail were more or less similar to those in 
Drepanaspis, their dimensions may be considered as follows. The smallest 
forms, Schizosteus heterolepis and Sch. striatus (Gross) fro111 Parnu and 
N arova beds seem to have had a length of about 60 cm . The length of the 
most Givetian and early Frasnian psammosteids varied probably from 
70 to 90 cm. The largest forms, Tartuosteus giganteus (Gross), T. maxi
mus, T. (?) luhai, Pycnosteus tuberculatus, Psammolepis proia Mark
Kurik and Psammosteus bergi with the length of about 1 m and more 
existed in Arukiila and Burtnieki times. The length of some of the latter 
(Tartuosteus, Pycnosteus) could possibly reach 1.5 m. 

In most psammosteids the body was broad. The width of the giant 
Tartuosteus maximus and Pycnosteus tuberculatus was more than 1 m. 
owing to their very extended branchials. Among the species of Schizosteus 
and Psammosteus some comparatively slender forms are known. The 
dorsal side of the psammosteid carapace was moderately convex, the 
ventral one was considerably convex in Schizosteus, Tartuosteus, Pycno
steus and Ganosteus. In Psammolepis the ventral side may have been 
nearly as flat as the dorsal one, or even flatter in its median part 
(Fig. 2) . 

It is possible to divide the Givetian and early Frasnian psammosteids 
in two groups on the basis of the structure of their dorsal plates. In 
Schizosteus, Tartuosteus, Pycnosteus and Ganosteus these plates are 
without tesserae, and their growth centre lies in the centre of the plate. 
In most forms they are more or less circular in shape. In the second 
group the oblong dorsal plates are covered partly (in Psammolepis) or 
entirely (in Psammosteus) with tesserae, and their growth centres are 
situated, with some exception, anteriorly. 

In some psammosteids the pattern of the sensory canals on the dorsal 
plates is known (Fig. 3). In Tartuosteus, Psammolepis and Psammosteus 
it is very asymmetrical and consists of two medial dorsal canals and 
1-3 transverse commissures. In Psammosteus bergi and Ps. megalopteryx 
(Trd) lateral dorsal and possibly pineal canals are also present. The 
sensory canals in the young individuals of Ps. bergi differ in their pat
tern from those of the adult ones. The medial dorsal canals and the 
transverse commissures ( cd3 , cdb) are shorter and more widely spaced. 
The lateral dorsal and pineal(?) canals are not developed. The pattern of 
the sensory canals on the dorsal plates of Psammosteus is like that in 
pteraspids. 

The more or less circular dorsal plates in Tartuosteus, Pycnosteus and 
Ganosteus are associated with wide and long branchial plates. In Schizo
steus and Psammolepis two kinds of branchials are found, long and nar
row ones and long and wide ones. In earlier members of Psammosteus the 
branchial plates are wide and relatively long, in later ones they are extre
mely short and wide. The distal tips of branchials are directed as a rule 
backwards or sidewards. Only in a few forms: Schizosteus splendens 
(Eichw.), Pycnosteus pauli Mark and P. tuberculatus, they are turned 
forwards. 
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The ventral plates of the psammosteids are oval in outline. In Schi
zosteus, Pycnosteus, Tartuosteus, and Ganosteus they have a deep poste
rior notch. In Psammolepis this notch existed in young individuals, in 
adult forms the notch as well as the major part of the plate was covered 
with tesserae (only in Psi. venyukovi tesserae on the ventral plate are 
absent). The ventral plate of Psammosteus is entirely covered with 
tesserae. 

In the earliest psammosteids of the Main Devonian Field, those of 
the Parnu time, the branchials were long and narrow and the dorsal plate 
was oblong, with the growth centre placed in its middle. In Narova time 
this type of psammosteids was represented by Schizosteus striatus 
(Gross). Simultaneously there existed another species, Se h. splendens, 
with an almost circular dorsal plate and wide and long branchials. The 
broad-bodied psammosteids with long and wide branchials, belonging to
the genera Tartuosteus, Pycnosteus, Ganosteus and Psammolepis, domi-, 
nated in Arukiila and Burtnieki times. Rather contrasting to them was 
the first known Psammosteus, Ps. bergi, whose body was elongated and 
the branchials strongly turned backwards, with upturned distal tips. In 
the Frasnian Gauja time all other genera disappeared and only Psammo
lepis and Psammosteus persisted. A number of species of Psammolepis: 
Psl. abavica, Psi. paradoxa and Psi. venyukovi Obr., exhibit some primitive 
features . Their branchials are long and comparatively narrow, with a 
narrow ornamented part on the dorsal side. As to Psammosteus of the 
Gauja age, only a fragment of a dorsal plate has been found (in Latvia). 
In Amata time the number of Psammosteus species is multiplying and 
that of Psammolepis diminishing. In Snetnaya and later times there 
existed only species of Psammosteus with an elongated body and ·a 
relatively thin carapace, not to mention Karelosteus from Snetnaya (?) 
beds, a genus closely related to Psammosteus. 

The next problems concerning the evolution of the Givetian and early 
Frasnian psammosteids are of great interest: the probable time of 
appearance of genera and species and their interrelationships. 

It was believed previously that in the early Givetian (in Parnu and 
Narova times) there existed only one genus, Schizosteus, which had 
appeared, according to Tarlo (1964) already in the Eifelian. But now 
the presence of another genus, Psammolepis, in Parnu beds has been 
established. Lately a large fragment of a dorsal plate (Pi 910, the Geo
logical Museum of the Estonian Academy of Sciences) with a character
istic ornamentation of Schizosteus toriensis, but covered with tesserae, 
was discovered in the core of a borehole on the bank of Reiu river, Esto
nia. It is evident that this species must be referred to Psammolepi." 
(Mark-Kurik, 1968). 

Furthermore, a fragment (Pi 395) with tubercles very similar to
those of Tartuosteus., has been found in the Parnu stage in Tori on the 
Parnu river, Estonia. Therefore, we may assume that at the beginning of 
the Givetian not only Schizosteus and Psammolepis but also Tartuosteus 
were already existent. 

There are also some indications that Pycnosteus too appeared earlier 
than in the Arukula time. In the Narova Stage (Gorodenka, Estonia) 
fragments with a Pycnosteus-like ornamentation (Pi 913 1-3) have been 
discovered together with remains of Schizosteus striatus and Sch. splen
dens. 

It is conceivable that the development of Pycnosteus, as well as of 
Ganosteus, whose known members have very complicated forms of tu
bercles, took place long before the early Givetian, and that both Pycnos-
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teus and Ganosteus existed already in the Parnu time. They have not been 
found only because the fish fauna of the Parnu stage is as yet very poorly 
known. The same applies to such early but very advanced forms as 
Psammosteus bergi and Tartuosteus (?) luhai, which evidently represent 
distinct phyletic lines. Their branchials were more or less strongly curved 
backwards and the dorsal plates covered with tesserae. Because of its 
early appearance and complicated structure it is hardly possible that 
Psammosteus could have derived from any known Psammolepis species. 
as suggested by Tarlo (1964) . 

It is thus likely that the psammosteid radiation took place in the Eife
lian and that the Givetian genera present already distinct phyletic lines. 
Direct relationships seem to exist between the following forms : Tartuo
steus giganteus and T. ritaximus, Ganosteus artus and G. stellatus, Psam
molepis alata and Psi. undulata, and probably between Psammosteus 
praecursor and Ps. maeandrinus, in which the first member of each pair 
could well be ancestral to the second one. Of Pycnosteus three successive 
species are known: P. palaeformis, P. pauli and P. tuberculatus. In all 
the mentioned groups, although belonging to different genera, a common 
developmental trend can be observed. The later species are relatively 
larger, their ornamentation more complicated and the distal tips of the 
branchials are directed, as a rule, more backwards. Only in Pycnosteus 
the branchials underwent peculiar changes, their distal tips having been 
gradually turned forwards. The ventral plate of Pycnosteus also exhibits 
a distinct developmental trend. The tesserae, covering its posterior notch, 
retreated gradually upwards from the ventral surface of the plate (Fig. 
2 B, C), and the edges of the notch formed something like runners which 
underwent abrasion, being in contact with the substratum. The inter
relationships of other psammosteids, as for instance of the majority of 
the species of Psammolepis, are not quite clear, no intermediate forms 
having yet been found (e. g. the species from the Burtnieki beds) . 

The Givetian and Lower Frasnian beds of the Main Devonian Field 
have yielded a number of plates of younger psammosteid individuals . 
Although this material is somewhat unequal , representing individuals of 
different stages, it is of great interest. Taking into consideration not 
only these isolated plates but also the growth lines in the plates of adult 
individuals, restorations of young stages of several psammosteids have 
been made (Fig. 4). Some of these restorations, as well as most of the 
materials concerning growth lines of psammosteids have been previously 
published (Obruchev and Mark-Kurik, 1965) . 

Although somewhat hypothetical, these restorations show that there are 
three groups of such younger individuals, differing in their body form and 
in the form of the dorsal plates. The first group, apparently the most prim
itive one, represented by Schizosteus striatus and all Psammolepis 
species (with the exception of Psl. abavica) is characterized by a slender 
body and oblong dorsa ls, as well as by extremely narrow branchials. In 
some forms : Psammolepis toriensis, Psi. proia and Psl. paradoxa, the 
branchials are very similar to those of a young Drepanaspis (cf. Fig. 4 
and Gross, 1963, Fig. 9 A, B; PI. 9, Fig. 3). Psammolepis undulata differs 
from other species in its bottle-shaped dors al plate and well-developed 
lateral angles of the body; Psi. venyukovi , in its broad rostra! plate and 
the widened anteriorly dorsal plate. 

To the second group belong the wide-bodied forms, with short and 
broad dorsal plates. In most of them (Schizosteus splendens, Tartuosteus 
maximus, Pycnosteus tuberculatus, Ganosteus stellatus) the branchial 
plates are comparatively wide, with more or less prominent di stal tips, 
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and vary considerably in shape. In Psammolepis abavica and probably in 
Schizosteus asatkini the branchial plates may have been narrow, resembl
ing those of Psi. toriensis, Psi. proia and Psi. paradoxa. It must be men
tioned that the only known specimen of Schizosteus asatkini (Obruchev, 
1940; Obruchev and Mark-Kurik, 1965) consisting of a dorsal, a ventral 
and a branchial plate in nearly natural juxtaposition, represents a young 
individual. 

The young stage of Psammosteus bergi can be considered as a repre
sentative of the third group. Its dorsal plate is rhombic, and the branchials 
broad, with very well-developed distal tips directed backwards. The body 
form is somewhat similar to that of Psammolepis undulata. 

The investigation of the young individuals and the growth lines shows 
that already at the early stages of ontogeny there was a great diversity 
in the form and structure oi different psammosteid genera and species. 
Tartuosteus, Pycnosteus and Ganosteus with their broad bodies differ 
strikingly from most Psammolepis species with rather narrow bodies. 
Psamnvolepis abavica is evidently nearer in body form to the first-named 
genera, which casts doubt on the correctness of its generic assignment. 
Schizosteus contains both broad and slender forms, and therefore this 
genus probably needs revision. As its type species is the broad-bodied Sch. 
asatkini, the slender forms of Schizosteus should perhaps be referred to 
a new genus. 

The ontogenetic data seem to suggest that the relationships of differ
ent psammosteids are rather intricate and can be hardly established . at 
the present insufficient state of knowledge; they also allow to suppose 
that the radiation of the psammosteid genera, and perhaps even of their 
species. took place before the Givetian. 
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PSAMMOSTEIIDIDE (HETEROSTRACI) EVOLUTSIOONIST 

Artiklis kiisitletakse psammosteiidide morfoloogiat, antakse perekondade j a Jiikide 
oletatav ilmumisaeg ning niiidatakse nende sugulussuhteid. Zivee ajajiirgu a lgul (p ii rnu 
eal) esines koos Schizosteus'ega Psammolepis ning niihtavasti ka Tartuosteus. Pycno· 
steus ja Ganosteus. Zivee ajajiirgul esinevad perekonn ad kujunesid v ii lja juba varem toi -
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munud radiatsiooni t agajiirjel. Ainult m6ningate psammosteiidiliikide vahel v6ib kindlaks 
teha otseseid sugulussuhteid . Ontogeneetline materjal n iiitab, et juba individuaal se are
nemise varasematel staadiumidel esines psammosteiidide perekondade ja liikide esinda
jate vahel suuri erinevusi. 

ll. OEPJilfEB, 3 . MAPK-KJIPH!( 

06 3BOJIIOI..f.I-IH nCAMMOCTEHJI. (HETEROSTRACI) 

ilOCJie ony6J!IIKOBaHHH Hallleii MOHOrpa<t>HH (1965) B ilpH6aJITHKe 6b!Jl co6paH HOBbJii 
MaTepHaJI IlO IlCaMMOCTeHJI:aM, l.JTO .n:aJIO B03MO)f{HOCTb CJI:eJiaTb pHJI: HOBbiX peKOHCTpyKIJ;HH 
H 60Jiee IlOJI:p06HO OXapaKTepH30BaTb HX 3BOJIIOIJ;HIO H OHTOreHe3. 

PaccMoTpeHbi Mop<t>oJiornH ncaMMOCTen.n:, npe.n:noJiaraeMoe speMH nOHBJieHHH po.nos H 
llH}{OB, a TaK)!(e HX B3aHMOOTHO!IleHHH. YcTaHOBJieHO, '!TO B Hal.JaJie )f{HBeTCKOfO BeKa, B 
nHpHycKoe speMH, HapH.n:y c Schizosteus cymecTBOBa.~ Psammolepis n, no·BH.UHMOMy, 
Tartuosteus. Mo)f{HO npe.n:noJiaraTb cymecTsosaHHe eme Pycnosteus H Ganosteus. )l(nseT· 
CKHe pO.ll.bi npe.n:cTaBJISIIOT OT.D:eJibHhie <PliJieTHl.JeCKHe JIHHHII. DpHMbie po.n:cTBeHI!hie CBSI3H 
y)laJIOCb ycTarlOBHTb TOJibKO Me)!(JI:Y HeKOTOpblMH BI!JiaMH IlCCIMMOCTeHJI:. 

B )!(HBeTCKHX H HH)I\He<PpaHcKux CJIOHX Haii.neHbi n.nacTHHKH MOJIOJI:biX oco6ei1 ncaMMO· 
CTeH.U. C IlOMOU!blO HX, a T3K)!(e JlllHilH HapaCTaH!lH TIJlaCTHHOK E3pOCJlbiX OC06eii C.UeJiaHbl 
ptKOHCTpyKIJ;IIH MOJlO.Ub!X IlC2MMOCTellJJ.. 0HTOreHeTH l.J eCKHH MaTepllaJI IlOKa3biBaeT, l.JTO y)f{e 
Ha 60Jiee pai!HH X CT3.UHHX pa3BilTHH Me)!(JI:y po.n:aMH 11 BH.UaMH TICaMMOCTell.U cymeCTBOBaJIH 
3Ha4!lTeJibHble pa3Jllll.JIISI. 

I13JIO)!(eHHbiH MaTepnaJI IlOKa3biBaeT, l.JTO panl! aUI!H ponos H, B03MO)KHO, BHnOB ncaM
MOCTeHJ{ npOHCXO.UHJla AO )!ffiBeTCKOfO BeKa. 
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