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Sammanfattning 

Under devonperioden (ca. 400-350 miljoner år sedan) levde många märkliga former 
av ryggradsdjur som inte har några nutida ättlingar. En av dessa grupper var 

osteostracerna, en form av käklösa fiskar som anses vara de närmaste släktingarna till 
käkförsedda fiskar. De bestod av en hästskoformad huvudsköld av ben, ofta försedd 

med bakåtböjda horn, och en fiskliknande bakkropp, täckt av ledade fjäll. Skölden 
hade ögon och en enda näsöppning på ovansidan, och munnen och flera par 

gälöppningar på undersidan . 
I mitt examensarbete beskrivs ett nytt släkte och art av osteostracerna, 

Voichyschynaspis longicornualis gen. et sp. nov. Beskrivningen är baserad på fossilt 
material hittat i Dniestrdalen i Ukraina. Detta nya släkte har likheter med släktena 

Zychaspis och Stensiopelta.  

För att testa det nya släktets plats i släktträdet görs en fylogenetisk analys 

tillsammans med dess närmaste släktingar, Zychaspis och Stensiopelta. Analysen 
försöker också reda ut släktskapsförhållandena mellan de båda andra släktenas arter. 

Voichyschynaspis visar sig vara närmast släkt med Stensiopelta, som visar sig vara 
monofyletiskt, det vill säga alla dess arter har en gemensam förfader. Zychaspis är 
mer problematiskt eftersom en av dess arter inte med säkerhet kan föras till det. 
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Abstract 
A new genus and species, Voichyschynaspis longicornualis gen et sp. nov., is 
described based on material from Rakovets’, present day Ukraine. This new taxon 
shares characters with the two genera Stensiopelta and Zychaspis. A phylogenetic 

analysis is carried out using a few osteostracan genera in order to test the relationship 
of this new taxon with its closest relatives. In this analysis, Voichyschynaspis, comes 

out as the sister group to a monophyletic Stensiopelta. Zychaspis is more problematic, 
since the interrelationships of the various species are not clearly resolved in the 

analysis. 
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1 Introduction 

1.1 The Devonian Period – The Age of Fish 

During the mid Silurian, about 420 million years ago, the face of the Earth looked 

quite different from today. At this time, the continent of Gondwana made up most of 
the land on Earth, situated on the Southern Hemisphere. Small continents such as 

Laurentia and Baltica were situated near the equator. Laurentia eventually collided 
with a smaller continent, Avalonia, and later with Baltica. This forming of a new 

continent, Larussia, caused the buildup of large mountain ranges. These processes are 
known as the Avalonian and Caledonian orogenesis. (Stanley 1986). During the next 

20 million years, into the Devonian period, large scale erosion of these mountain 
ranges resulted in the deposition of huge amounts of sand on flood plains, deltas, 

lagoons and tidal flats along the margins of the continents. This sand had a high 
content of iron oxide, and with time it consolidated into the rock now known as the 

Old Red Sandstone (Janvier 1996). The Old Red Sandstone is rich in fossils and most 
of our knowledge of the world of that time comes from it. Along the margins of the 
continents, the first land plants started to spread. The first were simple organisms who 

had to remain near open water, such as lycopods and rhyniophytes. In time, more 
complex plants, such as Archaeopteris, evolved and started forming lush forests that 

extended to the foot of the mountain ranges. These forests, were inhabited by worms 
and arthropods, such as scorpions, centipedes, mites and spider-like animals known as 

trigonotarbids. Most of the animal life was still confined to water though, including 
all vertebrates.  

Although the earliest vertebrates appeared in the Ordovician, or even as early 
as in the Cambrian, it was not until the Silurian most groups originated (Janvier 1996, 

Benton 2000). Their major radiation, however, occurred in the Devonian (Fig. 1), 
hence the name “The age of fish”. During this period, modern sharks, ray-finned and 

Fig. 1. The evolution of vertebrates from the Cambrian to the Devonian. From 

Benton (2005). 
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lobed-finned bony fishes appear to have their origins. Towards the end of the 
Devonian the first terrestrial vertebrates appeared. 

During the first millions of years of the Devonian though, the agnathans 
(jawless fishes) dominated the seas (Benton 2000). Today, they are represented only 

by hagfish and lampreys, but in the Devonian, agnathans were represented by 
armored forms, divided into five major groups: heterostracans, galeaspids, anaspids, 

thelodonts and osteostracans. 
The heterostracans had head shields that varied tremendously in shape among 

different species. The shield had a broad ornamented plate on the dorsal side, 
surrounded by smaller plates, and a large element covering the ventral side. The rest 

of the body consisted of an articulated trunk ending in a caudal fin. 
Galeaspids had a flattened, horse-shoe shaped headshield, but they lacked all 

dorsal sensory fields, had widely separated eyes, and the shield had a large median 
hole, which was used both for olfaction and inhalation of water. The rest of the body 

consisted of a trunk covered in minute scales, ending in a laterally flattened portion 
used as a fin. Galeaspids have never been found outside of China and Vietnam. 

Anaspids did not posses any dermal head armor, hence the name (an – aspid = 
shieldless). They were slender in shape and laterally compressed, superficially 

resembling modern day actinopterygians. The body ended in a hypocercal tail. The 
entire body was covered in rod-shaped scales arranged in rows, although some forms 

were naked.  
Thelodonts were yet another group of agnathans. Very few of them have been 

found as complete individuals. They lacked large dermal bony plates of any kind, 
instead being covered in minute scales. The fossil remains suggest they had a 

flattened shape. 
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1.2 Osteostraci 

The Osteostracans are known from the Late Silurian and radiated in the Late Silurian 

and Early Devonian, to finally become extinct at he end of the Devonian. They are 
one of the most diverse groups of Palaeozoic jawless fishes, as the group includes 

about 300 known species, taking on a wide variety of shapes, some of which are 
shown in Figure 2. Osteostracans are particularly interesting because they appear to 

be the closest relatives of jawed vertebrates. 
Osteostracans are believed to have inhabited lakes, rivers and estuaries at the 

edges of the continents, and probably avoided the open ocean. Their diet probably 
consisted of bottom detritus and small animals living in it.  

Fig. 2. Various osteostracans cephalic shields representing major clades of the 

class. From Janvier (1985b). 
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1.2.1 Anatomy 

The head of osteostracans is made up by a solid shield composed of heavily fused 

tesserae, which are polygonal scales, covering a frame of at least partially ossified 
cartilage. This cephalic shield is usually horseshoe-shaped, with the eyes in the center 

on the dorsal side. The dorsal side also displays the median and lateral electric fields, 
which have been interpreted as homologous to the lateral line system in bony fishes.  

In front of the eyes is a keyhole-shaped opening called the nasohypophysial opening. 
This leads into a hypophysial tube. Between the eyes is a plate called the pineal plate, 

which holds the pineal foramen. The shape of the plate is an important systematic and 
taxonomic character (Fig. 3a). 

On the ventral side of the cephalic shield is an opening for the mouth (Fig. 3b). 
Instead of having jaws and teeth, it has bony mandible plates that open sideways. The 

osteostracans probably lived on sucking organic debris from the bottom, or preying on 
small benthic animals.  

Osteostracans have several pairs of gills, the openings of which can be seen on 
the ventral side of the cephalic shield (Fig. 3b). They are arranged along the edges of 

a circular collection of scales known as the ventral plate. 
Extending from the sides of the head is a pair of processes, called the cornual 

processes, or cornua for short. They are usually pointing posteriorly and curving 
medially, enhancing the horseshoe shape of the shield, but can take on a great variety 

Fig. 3. a) Anatomical features of the dorsal side of the cephalic shield, here on 

Cephalaspis. b) Anatomical features of the ventral side, on Hemicyclaspis. c) 
internal structure of the head shield of Kiaeraspis, showing the brain and related 

sense organs and nerves (marked with roman numerals). d) A, anterior 

component of force produced by tail; L, lateral component; R, resultant of A and 

L; c.g. centre of gravity. From Benton (2005). 
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of shapes (Fig. 2). One osteostracan genus has anteriorly pointing cornua. Not all 
osteostracans have cornua, but those who do are included in the group cornuata. The 

function of the cornua may be to protect the pectoral fins from being bitten of by 
predatory fish. Remains of other armored fish without cornua sometimes bear deep 

marks in the area were the fins originally sat. These are interpreted as the teethmarks 
of porolepiforms (Mark-Kurik, 1966). 

The regions of the cephalic shield that carry the cornua are called the zonal 
parts, and the area between the zonal parts, from the eyes and backwards to the 

posterior margin, is called the interzonal part, or abdominal division. Behind the head 
shield, flanked by the cornua is a pair of pectoral fins covered with scales. They were 

probably used as rudders when the animal swam. 
The osteostracans are considered the sister group gnathostomes (Fig. 1). This 

relationship is based on their paired pectoral fins, the perichondrial bone enveloping 
the brain case, and the fact that the bone contains microscopic spaces for bone cells, 

showing that these cells actually continued to live within the bone after is was 
deposited, as is the case in gnathostomes (Janvier 1996, Maisey 1996). 

The posterior end of the abdominal division articulates to a trunk covered in 
rows of articulating scales. On top of the trunk is a median dorsal crest of scales. This 

crest can include one or two dorsal fins. At the end of the trunk is an epicercal caudal 
fin. 

A pair of pectoral fins offers many advantages to a swimming fish, especially 
when it comes to generating lift and countering roll. The caudal fin vaguely resembles 

that of a shark, with its large upper lobe. Therefore it has been interpreted as having a 
similar mode of function, providing the animal with a forward and slightly downward 

thrust when the trunk was swinged from side to side. The downward component force 
was partially countered by the cephalic shield, which was shaped like an airfoil and 

thus provided a lifting force. The resultant force would still be directed downwards, 
the point being to keep the ventral side of the head against the bottom while 

swimming, in order to forage for food (Fig. 3d). 
One group of osteostracans, the tremataspids, had a bullet shaped head and no 

pectoral or dorsal fins. This shape may have been an adaptation to a burrowing 
lifestyle (Janvier 1996). 

The most informative features of osteostracan anatomy are actually to be seen 
in the interior of the cephalic shield (Fig. 3c). The endoskeletal headshield is a single 

mass of cartilage lined by a thin layer of perichondrial bone. This contains canals and 
cavities for the brain, sensory capsules (the branching of which are considered an 

important systematic character), cranial nerves, heart and major bloodvessels. 
In the ventral part of the cephalic shield is a large, hemispherical cavity, 

known as the oralobranchial cavity. This contained the branchial apparatus and 

probably a water pumping device similar to that found in modern larval lampreys. 

The chamber is closed posteriorly by the postbranchial wall, which also encloses the 
heart and openings for the oesophagus and dorsal aorta. 

 

1.2.2 Systematics 

The osteostracans include a large clade named the Cornuata, characterized by the 

presence of cornual processes in front of the paired fins. The cornuate osteostracans 
are divided into five major clades: the cephalaspidians, kiaeraspidians, 

benneviaspidians, thyestidians and scolenaspidians (Fig. 4).  
Cephalaspidians have a long rostral division and broad cornual processes. The 
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lateral fields extend backwards onto the cornual processes. They also share the shape 
of the ‘sinus lateral expansion’ canal, which is an expansion of the labyrinth leading 

from the otic region to the lateral fields (Janvier 1985a). In cephalaspidians, the ‘sinus 
lateral expansion’ canal branches close to the orbit, then bends sharply. Other than 

this, the group Cephalaspida is difficult to define, and it could be polyphyletic (P. 
Janvier, personal communication). Cephalaspida sensu stricto include Cephalaspis 

lyelli Agassiz, 1835 and the genus Meteoraspis Janvier, 1981(Fig. 2), the latter 
includes the some of the largest forms of osteostracans discovered. 

The kiaeraspidians are small forms, barely longer than a fingernail. They are 
characterized by reduced cornual processes and an enlarged supraoral field. 

Gustavaspis Janvier,1981 (Fig. 2) is the most derived member of the group, with 
greatly reduced dorsal field and dorsally placed mouth (Janvier 1996). 

The benneviaspidians have a very large dorsoventrally flattened shield. Their 
exoskeleton generally generally lacks ornamentation (Janvier 1996). Some of them, 

such as Boreaspis Stensiö, 1958, (Fig. 2), have a long rostral process (Janvier 1996). 

The thyestidians are characterized by a relatively narrow pineal plate and very 

short cornual processes. Most of them have two longitudinal rows of large tubercles 
in the abdominal division of the shield. The thyestidians contain a important subgroup, 

the tremataspidians (Fig. 2). This group of osteostracans have secondarily lost the 
pectoral fins and gained an elongated, olive-shaped cephalic shield. 

The scolenaspidians are characterized by narrow and thick cornual processes, 
posteriorly enlarged lateral fields, and enlarged hypophysial division of the naso-

hypophysial opening. Scolenaspidians are generally large forms, and are perhaps the 

most conservative cornuates. Some however, like Machairaspis Janvier, 1980, have 

evolved a very high and anteriorly tilted process from the median ridge of the 
cephalic shield, and others, like Diademaspis Janvier, 1980 (Fig. 2), have a very 

broad median dorsal field. 
 

Fig. 4. Systematics of the Osteostraci. From Janvier (1985a) 
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2 Geological setting and locality 
The Lower Devonian rocks of Podolia have a monoclinal structure with a dip to the 

northwest. The Dniestr valley crosses the area at a right angle to the strike. As a result 
of the dip, the oldest layers are to be found in the east (Borshckov) and the youngest 

in the west (The Dniestr Series). Three major units occur: Borshckov, Cortkov and 
Ivanje. The Ivanje is overlain by the Old Red Sandstone, here known as the Babin 

Sandstone. The Babin Sandstone is in turn overlain by the Plant Group, and together, 
these two horizons form the Dniestr Series (Janvier 1985). The Babin Sandstone is 

divided into three zones, and has the Lochkovian/ Pragian boundary within the second 
of these (Blieck & Cloutier 2000). This boundary represents a point in time about 405 

million years ago, and the material described herein has been collected somewhere 
around it. The described material was collected sometime between 1934 and 1936 in a 

village named Rakovets’ in Podolia, present day Ukraine (Fig.5). The exact location 
of the find is hard to determine due to the fact that there are two villages named 

Rakovets’ in the area, one by the village of Dniestr, the other by the river of Strypa. 
However, the Dniestr locality has been more intensely studied, so it is more likely that 

the material is came from there (V. Voichyschyn, personal communication, Apr 25 
2005). In any case, 

it was likely found 
in the Strypa Suite 

of the Dniestr 
series, a part of 

the third zone of 
the Babin 

Sandstone. 

Fig.5. Map of Podolia (Ukr. Podillya), present day 
Ukraine. Prior to World War II, the area was part of 
Poland, and the river Dniestr formed a natural border to 

Romania. The two possible collection sites are marked 
with arrows. The southern is the most likely one. 
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3 Systematic palaeontology 
 
Order OSTEOSTRACI Lankester, 1868 

Suborder CORNUATA Janvier, 1985 
Family SCOLENASPIDIDAE Afanassieva, 1991 

Genus: VOICHYSCHYNASPIS gen. nov. 
 

Type species: Voichyschynaspis longicornualis gen et sp. nov. 
 

Etymology: After Dr. Victor Voichyschyn and aspis meaning shield in greek 
 

Diagnosis: As for type and only species. 
 

 
VOICHYSCHYNASPIS LONGICORNUALIS gen. et sp. nov. 

 
Holotype: O 45, labeled by Zych as ‘Cephalaspis woodwardi var. longicornualis ’. 

Racowiec (Rakovets’), Podolia, Ukraine. 
 

Etymology: Longicornualis, meaning "with long horns in latin", referring to the long 
cornual processes. 

 
Diagnosis: Scolenaspidian with extremely long cornual processes, elongated 

abdominal division, slight rostral lobe and ornamentation of small, closely set 
tubercles.  

 
Material: O 45, labeled by Zych as ‘Cephalaspis woodwardi var. longicornualis ’. 

Racowiec (Rakovets’), Podolia, Ukraine. One additional specimen, fragmentaric, 
unlabeled. 
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4 Description 
The holotype, O45, is preserved in part (Fig. 6) and counterpart (Fig. 7). The cephalic 

shield of this specimen is near intact, with the contours of the tesserae visible and the 
ornamentation discernable, especially on the latex peel of the counterpart. The shield 

measures approximately 65 mm from the rostrum to the discernable end of the 
abdominal division (it is not entirely intact) and 120 mm across at its broadest point, 

which is slightly anterior to the points of the cornual processes. 
The orbits are placed rather far anteriorly, at a point about one third of the 

distance between the rostral edge and the posterior limit of the abdominal region. 
Placed between the orbits is the pineal plate, which in the holotype is thin and banana-

shaped, visible in both the part and counterpart. It is laterally fused with the orbital 
plate, as described by Janvier (1985b) as being the general character for 

Scolenaspidians. The nasohypophysial opening in this specimen is keyhole shaped 
and placed between the very distinct preorbital ridges. The hypophysial division is 

larger than the nasal division, which is typical of scolenaspidians (Janvier 1996). It is 
placed in a rather deep, almost circular recess which is placed within the U-shaped 

recess common for cornuates. The nasal division is placed on a fairly high elevation, 
or knob, rising out of the U-shaped recess. Posterior to the pineal plate is the median 

dorsal field. The posterior end of it is missing in this specimen, but the shape can be 
made out to be vaguely elliptic. The anterior part of the field borders directly to the 

posterior margin of the pineal plate.  

Fig. 6. Cephalic shield and trunk remains of Voichyschynaspis longicornualis gen. 
et sp. nov. Scale bar equals 10 mm. 
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Fig. 7. The counterpart of the specimen. Note the long cornual process. Scale bar 

equals 10 mm. 
 

The abdominal section of the holotype is rather long, though not as long as 

that of Stensiopelta pustulata Janvier, 1985. The posterior of the shield has been 
damaged, but on the left side, it seems that the edge of the shield is intact, as the 

scales of the trunk although twisted out of alignment, should be able to articulate with 
it. 

A fragment of the abdominal division on the right side has broken off and 
sunk into the shield. On this part, the tesserae are clearly visible and it is possible to 

see traces of the original ornamentation. In Stensiö´s 1932 monography on British 

cephalaspids, there is a photograph of Cephalaspis (i.e. Zenaspis) salweyi Egerton, 

1857 showing its ornamentation of one or two larger tubercles in the center of each 
tessera (Stensiö 1932, pl. 32). On some tessera the tubercles have broken off, leaving 

a thinner patch in the middle of the tesserae, which to some degree follows the outer 
contour. This state can also be observed on the abdominal division of the holotype of 

V. longicornualis. 
The cornual processes are long and slender, unusually so even for a 

scolenaspid. Directed posterially and somewhat laterally, they curve medially, most 

markedly at the very tip. The processes slowly decrease in thickness distally, and at 

half their length, they are half the thickness at the base. There is no sign of any 
tesserae or other ornamentation such as median denticles on the processes. The 

pectoral sinuses are deep and well developed, parabolic in shape. 
The ornamentation on most of the shield consists of a number of minute 

tubercles covering the face of each tessera (Fig. 8). The same type is seen in 
Zychaspis siemiradzkii Janvier, 1985 (Afanassieva 1991, Janvier 1985a). 

The postcranial material on this specimen is its most unique feature, as it is 
one of only a handful of osteostracans from Podolia found in that degree of 
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preservation, and possibly the first found. 
The trunk has been twisted and flattened and the abdominal division partly 

crushed. 

The portion of the trunk preserved is 70 mm long, and consists of 22 lateral 
scales on the left side and 15 on the right. At the posterior end, 3 median dorsal scutes 

remain. These seem to be in their original position. The anteriormost of these scales is 
in line with the 18th lateral scale. This is the place where an enlarged dorsal median 

scute is usually positioned in forms that have this scute but there is nothing to indicate 

that these would be the remains of an enlarged median scute. As we will see in the 

phylogenetic analysis, Voichyschynaspis longicornualis gen. et sp. nov. clusters 
within the scolenaspida, the members of which lack this scute. Specimens of 

Stensiopelta pustulata and Zychaspis siemiradzkii, in the possession of Mr. Roger 
Jones, are evidence of this, as they both lack an enlarged dorsal median scute. 

The left side also has the ventrolateral ridge preserved, with the ventrolateral 
scales articulating to the lateral ones, each posteriorly to the one it belongs to. Below 

the ventrolateral ridge, the ventrolateral scales of the ridge articulate to the ventral 

scales. Two rows of ventral scales are visible on the ventral side. It is possible that 

further preparation of the material would reveal more of the ventral side. The 
posteriormost part of the right side bears the remains of three ventrolateral scales, and 

that is all that is preserved of the ventrolateral ridge on that side. The rest of the ridge 
has been lost, as the lower part of the right side of the trunk is for the most part 

missing. There is nothing left of the median dorsal crest, save for the median dorsal 
scutes described above. It appears as though the trunk has first been turned over to the 

Fig.8. Latex peel of the counterpart, revealing the ornamentation of small, closely 
set tubercles. Scale bar equals 10 mm. 
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left, then flattened laterally, the dorsal and ventral sides being distorted the most. The 
right side has apparently been pressed down, causing the trunk to collapse in on itself. 

At the same time the right side has been shifted away from its position, causing the 
trunk to lose its symmetry with the left side. 

An additional, unlabeled, specimen found in the collections of the Museum of 
Evolution, Uppsala University, appears to belong to the same species as the one 

described above (Fig. 9). This specimen is represented only by a fragment of the 
shield and a cornual process. It carries a striking resemblance to the holotype by the 

shape and curvature of the process. The lateral field is not visible, and judging from 
that and the topology of the tesseraed surface it is possible that that the exposed part 

represents the ventral side. The structure is also somewhat trapezoid in cross section, 
with the exposed side representing the base of the trapezoid. It is also possible that it 

is actually part of the rim of the cephalic shield, but its length, slenderness, and 
posteriorwards decrease in thickness indicates that it is indeed a cornual process. 

A large, oval lump of matrix in the anterior of the shield may represent an 
infill of the oral cavity, as it has the shape of a typical osteostracan oral cavity and is 

in the same position. A tiny upraising in the tesseraed surface at its rim may represent 
a gill opening. 

A portion of the left cornual process of the main specimen is preserved with its three-
dimensional shape intact, and it also displays the abovementioned shape. 

The surface of this specimen is similar to the holotype, with somewhat elongated 
tesserae of the same size. However, they are completely devoid of any tubercles, 

which could have been worn away. Just like the holotype, there are no tesserae or 
ornamentation on the process. 
 

Fig. 9. An additional unlabeled specimen of Voichyschynaspis longicornualis gen. 

et sp. nov. Scale bar equals 10 mm. 
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5 Phylogenetic analysis 
In order to explore the affinity of Voichyschynaspis longicornualis gen. et spec. nov., 

nine taxa were used in a cladistic analysis (Table 1). Since V. longicornualis 
resembles Stensiopelta Denison, 1951 and Zychaspis Janvier, 1985a, several species 

of these genera have been used. Z. siemiradzkii, Z. granulata Voichyschyn, 1998 and 
Z. concinna Voichyschyn, 2004 have been used while Z. elegans Balabai, 1962 and Z. 

djurinensis Balabai, 1962 were left out due to that they are poorly known, since the 
material is scarce and has never been sufficiently described. Stensiopelta woodwardi 

Stensiö, 1932 and S. pustulata are the only known species of that genus. Zenaspis 

salweyi has been included since it is a well known scolenaspidian, described in great 

detail. Other scolenaspidians, such as Machairaspis and Diademaspis have not been 
included since that material was not possible to acquire within the time frame of this 

project.  
 

Table 1. The taxa included in the phylogenetic analysis. 

Cephalaspis lyelli Agassiz 1835 

Hemicyclaspis murchisoni Egerton 1857 
Stensiopelta woodwardi Stensiö 1932 

Stensiopelta pustulata Janvier 1985 
Zenaspis salweyi Egerton 1857 

Voichyschynaspis longicornualis gen et sp. nov. 
Zychaspis concinna Voichyschyn 2004 

Zychaspis granulata Voichyschyn 1998 
Zychaspis siemiradzkii Janvier 1985 

 
Two outgroup taxa, Hemicyclaspis murchisoni Egerton, 1857 and Cephalaspis 

lyelli Agassiz, 1835, were chosen to root the tree and polarize character change.  
Twelve characters from cephalic shield morphology were assembled from literature 

(Janvier 1985a, Stensiö 1932, Voichyschyn 1998a, Voichyschyn 1998b, White 1958) 
as well as reference fossil material (Appendix 2). All characters were treated as 

unordered and given equal weight. The dataset was analyzed by maximum parsimony 
analysis using PAUP version 4.0b10 and resulted in six shortest trees with 24 steps. 

The strict consensus tree (Fig.10; L=24; CI=0,96; RI=0,95; RCI=0,91) shows 
that the two Stensiopelta species form a monophyletic clade. Voichyschynaspis comes 

out as the sister group of this clade. Z. siemiradzkii and Z. concinna form a 

monophyletic clade. These two monophyletic clades become part of a polytomy 

together with Z. granulata and Zenaspis salweyi. Cephalaspis lyelli comes out as the 
sister group of scolenaspidians.  

A 50 % majority rule consensus tree (Fig.11 L=25; CI=0,92; RI=0,90; RCI=0,83) 
slightly resolves this polytomy. Zychaspis granulata becomes the sister group of Z. 

siemiradzkii and Z. concinna, with 33% support. Zenaspis salweyi becomes the sister 
group of Voichyschynaspis and Stensiopelta, with 50% support. 
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Fig. 10. Strict consensus tree based on six trees recovered from heuristic search 
(L=24; CI=0,96; RI=0,95; RCI=0,91). 

Fig. 11. 50 % majority rule tree (L=25; CI=0,92; RI=0,90; RCI=0,83). 
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6 Discussion 
Figure 12 gives a reconstruction of the new species Voichyschynaspis longicornualis.  

The new genus Voichyschynaspis shares traits with the genera Stensiopelta (Fig. 13 E, 
F) and Zychaspis (Fig. 13 A-C). Stensiopelta is characterized by an elongated 

abdominal division, short rostral division, and a slight rostral lobe. Voichyschynaspis 
shares all these traits. However, Stensiopelta also has a rough, ‘pustulate’ 

ornamentation, whereas Voichyschynaspis s has an ornamentation consisting of small, 
closely set tubercles, like the ornamentation seen in Zychaspis. Furthermore, the 

cornual processes of Stensiopelta are straight and strongly divergent, and are 
equipped with median denticles on their distal part. In Voichyschynaspis, the cornual 

processes are instead, while still long, curved and pointing medially, and they lack 
median denticles. Their curvature is strongest just anterior to the posterior end. The 

inner margin is slightly less curved than the outer, further enhancing the curvature at 
the tip. This is another trait that Voichyschynaspis shares with Zychaspis. The pectoral 

sinus of Voichyschynaspis is parabolic, like in some Zychaspis species, rather than the 
shape seen in the Stensiopelta species, where the deepest part of the sinus is shifted 

somewhat medially. In the latter case, this is of course due to the straight cornual 
processes. 

Stensiopelta woodwardi (Stensiö 1932) is characterized by its elongated 
abdominal division, short rostral division, and the elongate, narrow, straight and 

strongly divergent cornual processes. The shield has a median ridge with a small 
‘button’ just after the median field. The median dorsal field has a ‘bottleneck’, a 

constriction in width in its anterior part. The ornamentation consists of large tubercles, 
each surrounded by a ring of smaller ones. Stensiopelta pustulata is similar to S. 

woodwardi in most respects, but has a rougher ornamentation, although it retains the 
same pattern. The cornual processes of S. pustulata are also completely straight, in 

contrast to S. woodwardi where they are slightly curved. The cephalic shield of both 
Stensiopelta species is about twice as wide as it is long, which is also the case in 

Voichyschynaspis, although here the widest part of the shield is not at the tips of the 
cornual processes, like in Stensiopelta, but at the point of strongest curvature of the 

processes, like in Zychaspis. In Zychaspis however, the cephalic shield is about 
exactly as long as it is wide. 

The dorsal lateral and median fields are of particular interest for these genera 
since they provide important information about taxonomical affinity. The lateral fields 

of Voichyschynaspis are narrow, have an irregular margin for the most of their length, 

and extend a short distance onto the cornual process. The posterior end of the field is 

slightly expanded to form a vaguely onion-shaped lobe. This shape is found in all 
Zychaspis species, as well as in S. woodwardi. In S. woodwardi, the inner margin is 

even more irregular, and the onion-shaped lobe is less pronounced. The median field 
of Voichyschynaspis is narrow and somewhat elliptic, very similar to the one seen in 

all Zychaspis species. In Stensiopelta, the median dorsal field is constricted anteriorly 
to form a ‘bottleneck’. The width of the bottleneck is about half that of the posterior 

part of the field. Behind the ‘bottleneck’, the field is hexagonal. 

The cephalic shield of S. woodwardi has a median crest with a small ‘button’, 

an elevation of the ridge just posterior to the median field. In S. pustulata, this 
elevation is slightly closer to the field, but the general appearance is the same (Janvier 

1985a). Zychaspis has a low crest of similar shape, but it lacks the button. Since this 
part of the abdominal division is missing in all specimens of Voichyschynaspis, it is 

impossible to know what the crest looks like in this genus. 
The rostral lobe is a very small protrusion of the rostrum in Voichyschynaspis. 
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The same state can be seen in S. woodwardi and S. pustulata. In Zychaspis, the lobe 
varies with the species. Z. granulata has the same kind of weak lobe as 

Voichyschynaspis and Stensiopelta. Z. siemiradzkii and Z. concinna however, have a 

very large and distinct lobe. 
Voichyschynaspis shares its long abdominal division with Stensiopelta. 

Zychaspis siemiradzkii, Z. concinna and Z. granulata all have a short abdominal 
division. However, an only briefly described new species of Zychaspis, discovered by 

Voichyschyn (1998, Fig 13 G), also had a longer abdominal division. 
The shape of the cornual processes is one point where the different Zychaspis 

species differ.  The general state is the one seen in Z. concinna, Z. granulata (Fig 13 
B,C) and a specimen of an undescribed species found by Voichyschyn (1998) (Fig 13 

G). In these species, the inner margin is slightly less curved than the outer, and the 
strongest curvature is at a point just proximal to the tip. Z. siemiradzkii (Fig. 13 A), 

Fig 12. A reconstruction of Voichyschynaspis longicornualis. 
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the type species of the genus, has processes where the inner margin has a curvature 
equal to the outer. The curvature is also more uniform throughout their whole length. 

The processes seen in V. longicornualis represent a kind of intermediate between the 
two different shapes, with the point of maximum curvature just proximal to the tip, 

but with the curvature of the inner margin only slightly weaker than the outer, giving 
the processes a more uniform curvature. In all species, the tips of the cornual 

processes point medially. 
S. pustulata has completely straight cornual processes whereas S. woodwardi 

has slightly bent. Both species have median denticles on their cornual processes, and 
the processes are strongly divergent (Fig. 13 E, F). 

The shape of the pectoral sinus also varies between species. In Z. siemiradzkii 
it is parabolic and almost semicircular. In Z. concinna. Z. granulata and the two 

Stensiopelta species (Fig. 13 E, F), the deepest point of the sinus is shifted somewhat 
medially (Fig. 13 B, C, E, F). 

In the phylogenetic analysis, Voichyschynaspis comes out as the sister group 
of a clade holding the two Stensiopelta species. This happens both in the strict 

consensus (Fig. 10) and in the 50 % majority rule consensus (Fig. 11), where this 
clade has 100 % support. Voichyschynaspis is included in this clade because of the 

elongated abdominal division, the fact that the eyes are anterior to the midline of the 
cephalic shield, and that the shield is broader than long. It is separated from 

Stensiopelta by its ornamentation, lack of median denticles on the processes, the 
shape of the cornual processes, and the shape of the median dorsal field. All these 

traits Voichyschynaspis shares with Zychaspis.  
In the 50 % majority rule, Zenaspis salweyi comes out as the sister group of 

Voichyschynaspis and Stensiopelta. It is included in this clade because of its similar 
ornamentation and the presence of median denticles on its cornual processes. The 

cephalic shield of Z. salweyi is also wider than long, like in Stensiopelta and 
Voichyschynaspis, but has a fundamentally different shape. The grouping of Zenaspis 

with Voichyschynaspis has only 50 % support, and in the strict consensus, Zenaspis 

instead becomes part of a polytomy (Fig. 10). 

Z. siemiradzkii and Z. concinna form a clade with 100 % support, which is not 
surprising as the only things that separate them are the shape of the cornual processes 

and the placement of the orbits, which in Z. concinna are placed posterior to the 
midline of the cephalic shield, rather than at it. The cephalic shield of Z. concinna is 

also more triangular in outline than Z. siemiradzkii, which is more rounded. This was 
not possible to code in the cladistic analysis, though. Nevertheless, the two species 

can be regarded as extremely closely related. It has been speculated (Voichyschyn 
2004) that Z. concinna may be a junior synonym of Z. Siemiradzkii, but the two 

species have anatomical differences, as mentioned above. Z. granulata comes out as 
the sister group of these two, but this grouping has only 33 % support, so Z. granulata 

becomes separated from the others and forms part of the aforementioned polytomy in 
the strict consensus. Z. granulata is separated from Z. siemiradzkii and Z. concinna by 

its weakly developed rostral lobe, which it shares with Voichyschynaspis, Stensiopelta 
and Zenaspis. 

In this study, the genus Stensiopelta comes out as monophyletic. Zychaspis is 

monophyletic in the 50 % majority rule consensus, but not in the strict consensus. The 

reason for this is discussed above. All species of Zychaspis have not been included, 
because two of them, Z. elegans and Z. djurinensis, are not sufficiently described to 

be of use in the analysis (Janvier 1985a). 
Voichyschynaspis can at first glance seem to belong to Stensiopelta, but the 
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fact that the cornual processes are curved, not straight, as in Stensiopelta, and the 
many characters it shares with Zychaspis, separates it. It is also somewhat larger than 
the two known species of Stensiopelta. 
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Appendix 1. 
The datamatrix used for phylogenetic analysis. 

 
              1              111 

    12345  67890  123 

H. murchisoni   0??01  01223  201 

C. lyelli   10002  01222  201 
Ze. salweyi   11001  10311  000 

Zy. siemiradzkii  21000  10010  001 
Zy. concinna   20000  ?0010  021 

Zy. granulata   20001  ?0010  001 
Zy. longicornualis  200?1  10010  110 

S. pustulata   22111  10100  110 
S. woodwardi   22111  ?0100  110 

 

 

Appendix 2. 
1. Cornual processes  

0 absent 

 1 short 
 2 long 

 
2. Median denticles on cornual processes  

0 denticles on cornual process absent 
 1 present 

 
3. Shape of cornual processes  

0 cornua with straight inner margin 
 1 falciform 

 2 completely straight  
 

4. Orientation of cornual processes 

0 cornua pointing medially 

 1 cornua pointing distally 
 

5. Button on median ridge of the cephalic shield 
0 absent 

 1 present 
 

6. Lobation of the rostrum  

0 strongly lobated 

 1 slightly lobated  
 2 not lobated 

 
7. Median dorsal scute  

0 present 
 1 absent 
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8. Shape of pineal plate  
0 pineal plate fused with orbital plate 

 1 pineal plate independent 
 

9. Ornamentation of the cephalic shield  
0 small, closely set tubercles 

 1 minute tubercles surrounding a larger central tubercle 
 2 no ornamentation 

 
10. Shape of median dorsal field  

0 with bottleneck 
 1 gently ovoid, with posterior tip 

 3 with posterior notch 
 4 posteriorly forked 

 
11. Shape of lateral dorsal fields  

0 relatively narrow, with irregular margins  
   and onion-shaped posterior lobe, rounded anterior tips 

 1 strong, squarish, posterior and anterior lobes 
 2 slightly diagonal, not entirely following margin of shield, 

   median notch 
 4 broader, blunt posterior end 

 
12. Length and shape of abdominal division  

0 short abdominal division 
 1 elongated abdominal division 

 2 abdominal division comprised of fused scales 
 

13. Position of the orbits  
0 at midline of the cephalic shield 

 1 anterior to midline of the cephalic shield 
 2 posterior to midline of the cephalic shield 

 
14. Proportions of the cephalic shield  

0 width greater than length 
 1 width and length almost equal 

2 length greater than width 
 


	Framsida.pdf
	AndersCarlssonCopy.pdf

