POLISH POLAR RESEARCH 9] 1 3—60 1988

Krzysztof MALKOWSKI

Institute of Paleobiology
Polish Academy of Sciences
Zwirki i Wigury 93

02-089 Warszawa, POLAND
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ABSTRACT: Productacean brachiopod assemblages are described from 10 _tapho-
coenoses from various facies of the Upper Permian Kapp Starostin Formation in
Spitsbergen. Time and space relationships among the investigated phena are based upon
a previously established chronostratigraphic correlation of the strata. 15 productacean
species are distinguished, based upon analysis of their morphology and ecology. Their
paleontological descriptions take into account the ranges of their ecophenotypic variation.
Shells adapted to three modes of life are recognized among the considered Productacea:
(1) forms stabilizing within loose bottom sediments, (2) forms floating at the surface
of soft substrates, and (3) forms living just below the surface of quaggy substrates.
Distribution of the productacean assemblages in the Kapp Starostin Formation is
analyzed within the framework of a reconstruction of the history of the Permian sea
in this area. The main ecological controls upon this distribution include stratification
of the water, substrate suitability for settlement, and coastal influences on the marine
environment. Because of their spatially limited distribution and unrecognized evolution
within the considered time interval, the investigated brachiopods cannot be employed
for biochronostratigraphy.
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Introduction

The Upper Paleozoic strata deposited within the post-Variscan trans-
gressive cycle and exposed in Spitsbergen contain abundant brachiopod
assemblages (Gobbett 1963). The present study is devoted to the Productacea,
which are particularly diverse and abundant in these strata. The focus is
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Fig. 1. Geographic extent of the Kapp Starostin Formation deposits (stippled)

primarily upon their paleoecology and intraspecific variation and the con-
sequent taxonomic problems.

The study concerns materials collected from the Kapp Starostin Formation
(Burov et al. 1965, Cutbill and Challinor 1965), which is well exposed
in the central and western Spitsbergen (Fig. 1). The age of this formation
was regarded as the Early to Late Permian transition (Stepanov 1957,
1973; Forbes et al. 1958; Ustritsky 1971). More recently, the base of the
formation is attributed on the basis of its conodont fauna to the Roadian,
or the uppermost Lower Permian (Szaniawski and Malkowski 1979),
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while the demonstrably continuous sedimentary transition from the Kapp
Starostin Formation to the overlaying Triassic strata (Birkenmajer 1977)
indicates that the formation encompasses the entire Upper Permian (Table 1).

Table 1

Stratigraphic position of the Kapp Starostin Formation within the Permian System

" Russian Platform Spitsbergen Delaware Basin (USA)
TATARIAN g HOVTINDEN OCHOAN
KAZANIAN 63 GUADE- CAPITAN
UFIMIAN % SVENSKEEGGA LUPIAN WORDIAN
KUNGURIAN  |& VORINGEN Roadian
. ARTINSKIAN 7 LEONARDIAN
" SAKMARIAN
ASSELIAN ‘ WOLFCAMPIAN

This study’s focus upon paleoecology and paleobiology of the Productacea
has been made possible by the author’s two earlier studies: analysis of the
facies distribution within the Kapp Starostin Formation (Matkowski and
Hoffman 1979), and chronostratigraphic correlation of its various exposures
and reconstruction of its depositional history (Matkowski 1982). The present
study is distinctly bipartite in that the faunal distributions are analyzed
separately from the facies development. These two analyses are linked
together by the Productacea which are treated both as an object of
paleobiological study and as a facies component. The empirical observations
are then interpreted within the framework provided by a model of facies
distribution in the Permian sea in the study area (Matkowski and Hoffman
1979). Ultimately, geodynamic processes are inferred as an explanation for
these observations.

Brachiopod materials

The brachiopod collection taken from 10 exposures of the Kapp Starostin
Formation (Fig. 1, Table 2) comprises over 2500 specimens, a couple
of tens to a couple of hundreds per exposure (Fig. 2). The majority
of the specimens are well preserved, often as single valves with clearly
visible morphology and inner structure of the shell. Shell ornamentation
is sometimes obliterated, and spines are preserved in only a few specimens,
although they are abundant in the sediment. Shell microstructure is generally
well preserved, except for partly silicified specimens where the original
structure is partly replaced by chalcedonite spherulites.

The collected productacean brachiopods can all be attributed. on the
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Table 2

Sample size (specimen number) of the brachiopods collected at various localities in the Kapp
Starostin Formation

Lithological complexes

SPECIES H-1 P4b V-1 A-1 F5 P-3 Tr-2 F-8 F-1 P-l
Horridonia timanica 22 7 139 27 15 30 2
Horridonia aff. horrida 1 4
Svalbardoproductus arcticus 3 76 45 10 22 21
Kochiproductus porrectus 3 . 1 4 13 37 7
Waagenoconcha irginae 18 15 32 12 12 11 22 7 23
Yakovlevia impressa 144 3
Yakovlevia duplex 2 10 12 4
Yakovlevia mammata 9
Megousia weyprechti 8 2 46 9 28 50 9
Megousia kulikii 3 11 58
Linoproductus dorotheevi 98
Cancrinella spitsbergiana 35 43 7 4 115
Anemonaria pseudohorrida 7 8 88 82 16 55 5
Liosotella robertiana 25 9
Anidanthus aagardi 2 1
Lingula freboldi 11
Orbiculoidea winsensi 5 2
Arctitreta kempei 3 9 23 2 18 7
Pinegathyris royssiana 1 13 10 11 3 12
Neophricadothyris asiatica 32
Prerospirifer cordieri 2 3 7
Spirifer striato-paradoxus 6 12 39 5 12 g/ 17
Spirifer striato-plicatus 26 4 10
Spiriferella keilhavii 21 82 60 23
Spiriferella draschei 13 5 9 70 5 27
Rhynchopora variabilis 25 30 350

94 247 627 264 193 13 339 39 101 665
Total 2582

basis of their morphology, to the species reported previously from Spits-
bergen (Gobbett 1963, Biernat and Birkenmajer 1981). Their morphology
and inner structure are satisfactorily known, and their taxonomy conforms
to the standards accepted for the Productacea (Muir-Wood and Cooper
1960). Comparative studies have been made on the Permian brachiopods
of the Arctic (Dunbar 1955, Gobbett 1963), and global distributions have
also been compiled (Stehli 1973, Waterhouse 1973, 1976, Waterhouse
and Bonham-Carter 1976). Nevertheless, the question arises concerning sys-
tematic relationships among morphologically similar phenotypes collected
from neighboring localities. To give a species name to each morpholo-
gically distinct class of specimens rules out te possibility of clinal intraspecific
variability as well as that of politypic and evolving species (Mayr 1969).
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Fig. 2. Stratigraphic correlation and lithofacies of the investigated localities in the Kapp
Starostin Formation. 1 — limestones, 2 — cherts, 3 — sandy limestones, 4 — marls and shales

"Yet the ecological variation among brachiopods (Wright 1972), which has
‘also been observed in the Productacea (Stepanov 1961, Gobbett 1961,
Kazmierczak 1967), calls for a consideration of these latter possibilities.
Up to date, several tens of productacean species have been described
from the Permian of the Arctic (Ifanova 1972, Sarytscheva 1977. Ustritsky
1979). but their systematic and ecologic relationships remain thus far unknown.
The present study is aimed to recognize the environmental controls upon
the distribution of these Permian brachiopods and to establish their taxonomy
allowing also for intraspecific variability.
- ' The investigated collection is housed in the Institute of Paleobiology of
the Polish Academy of Sciences, Warsaw, and its symbol reads ZPAL Bp.
1—2500.

Methods

For the purposes of this study. 10 faunal localities have been selected
within the Kapp Starostin Formation (Fig. 2). Their choice was based
both on brachiopod abundance and preservation, and also on the absence
of evidence for redeposition of fossils within particular taphocoenoses
(Matkowski and Hoffman 1979). In each taphocoenosis, productacean phena
(¢f. Camp and Gilly 1943. Mayr 1969) have been distinguished. and their
systematic position is the subject of this study.
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The author’s previous investigations (Malkowski 1982) demostrate that the
strata constituent of the Kapp Starostin Formation were all deposited within
a single epicontinental marine basin. Thus, all the faunal elements made -
part of a single ecosystem. The paleocological relationships among the
productacean phena within an environmental continuum could therefore be
also employed for their systematic analysis.

The criteria for species identification can thus be expanded to include
not only morphological similarity but also ecological commonality of the
living habits. The latter criterion approximates the neontological rule con-
cerning the potential ability of interbreeding. Morphological variation among
conspecific phena can reflect both geneticall and environmentally controlled
differences; the former cannot be directly studied in the fossil material
but the latter can be estimated by analysis of covariation between
morphology and environment. The author’s explicit acceptance of a possibility
of morphological differences between conspecific phena enforces the con-
clusion that species differences can be unequivocally identified solely for
coexisting phena. In such a situation, a morphological gap separating
particular phena is here assumed to indicate their differences at the
species level. This assumption is supported by only minor significance
of sexual dimorphism among the Productacea (Moore" 1965, Fergunson
1969). For phena taken from separate localities of the formation, §pecies
or phyletic lineages are here recognized on the basis of similarity ih both
morphological and ecological characteristics. This method results in grouping
together under one species heading forms that were previously attributed
to different species or even genera.

Paleontological analysis of taphocoenoses
from the Kapp Starostin Formation

Ten productacean phena have been distinguished in the taphocoenosis
V-1 (from Vindodden), which happened to be the first to be studied.
Each phenon has then been assigned a species name chosen after the diagnostic
features of the species established previously in the paleontological literature.
On the basis of the local phena, a set of index morphological traits have
been determined for each of these species (Table 3). The index traits
allow then for identification of presumably conspecific phena encountered
in the other localities. The phena which could not be attributed to any
of the species recognized in the previously analyzed localities have been
regarded as representative of still another species, given the appropriate
species name, and also assigned the set of index morphological traits.
As a result, 15 productacean species have been distinguished in the brachiopod
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Table 3
‘Index morphological features of the recognized productacean species
. Ornamenta- . :
Species Shell : Sinus Umbo Spines
tion
Horridonia timanica large, trape- absent or  distinct narrow thick and
zoid, with  granular straight
auricles
Svalbardoproductus arcticus large, sub- thick ribs  distinct massive thick and
oval, with  (6—10 per straight
auricles cm)
Kochiproductus porrectus suboval, elo- short and  shallow massive delicate
ngate, with straight, tu-
a velum berculate
ribs
Waagenoconcha irginae  large, sub- concentric  shallow small delicate,
oval, elongate twisted
Megousia weyprechti medium- fine ribs shallow wide few
-sized,
subrectangu-
lar, with lar-
ge auricles
Megousia kulikii medium- fine ribs indistinct wide few
-sized,
suboval
Anemonaria pseudohorrida small, subre- absent distinct narrow long and
ctangular straight
Yakovlevia impressa large, trape- fine ribs shallow small hinge mar-
zoid (16—30 per gin only
cm)
Yakovlevia duplex medium- fine ribs distinct small few
-sized, (c. 20 per
subrectangu- cm)
lar, strongly
coiled
Yakovievia mammata small, subre- fine ribs shallow small few
ctangular,  (over 20
very wide per cm)
Liosotella robertiana small, trape- bifrucating distinct massive thin and
zoid ribs straight
Linoproductus dorotheevi large, sub- fine ribs absent small few,
oval, with  (12—20 per straight
a velum cm)
Cancrinella spitsbergiana small, sub- short ribs  absent massive numerous,
oval. with and tubercu- A thin
a velum late interca-

lations
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materials from the Kapp Starostin Formation (Table 2). Nine species names
which have been previously reported from this area are then considered
as subjective synonyms.

The degree of morphological detail of the index traits distinctive of these
productacean species roughly corresponds to the level generaly accepted
in the literature for genera. It nonetheless suffices for species identification
within the Kapp Starostin Formation which represents an environmental
continuum where closely related species would outcompete one another from
similar habitats. The recognized productacean species include phena sharing
the same qualitative features which are invariant relative to quantitative
transformations of the shell form. Such invariant morphological traits had
a functional significance (Fergunson 1978) and hence can be employed
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Fig. 3. Distribution of the main environmental factors and the corresponding biofacies
in the Permian sea of Spitsbergen; facies zone identifications after Matkowski and Hoffman
(1979). A — coarse terrigenous material, B— sand, C — silt and clay, D — carbonate deposition
area, E — the zone below chemocline, F — brachiopod abundance curve, H — mollusc and
crinoid abundance curve, I — sponge abundance curve, J — vectors of the main geodynamic
agents in the Permian sea of Spitsbergen (diastrophic movements, precipitation and evaporation,
nutrient supply, terrigenous material transport: G gravel, S sand, M silt), Fapc — distribu-
tion of the productacean life forms (cf. Fig. 7)
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Fig. 4. Distribution of the main organic groups in various facies zones in the Kapp
Starostin Formation; facies zone identifications as in Fig. 3. 1 — carbonate-clastic deposits,

2 — coquinas, 3 — marls and shales, 4 — cherts, 5 — abundance of the main groups, 6 — occur-
rence of the subordinate groups

for autecological characteristics of the mode of life in common to all
conspecific organisms.

For each pair of the phena being compared for the sake of their
species attribution, a synecological analysis of the associated biota and
a reconstruction of the abiotic environment have been undertaken on the
basis of a facies model of the Kapp Starostin Formation (Matkowski and
























































































































































