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The evolutionary changes of the Early Cretaceous (Valanginian) marine gastropod Rissoina (Buvignieria) sp. from

Wawat (central Poland) show a pattern typical of the Ancient Lake Concept. Its morphology is stable during period of un-
stable conditions and starts to change gradually when the environment becomes stable. The linear character of the evolu-
tionary changes of Rissoina sp. and lack of evolution among co-occuring gastropods suggests that the rate of evolution

was controlled by intrinsic factors, not the environment.
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Introduction

Both the Red Queen hypothesis (Van Valen 1973) and the Sta-
tionary Model (Stenseth and Maynard Smith 1984) claim that
environmental change drives the evolution, biotic in the first
case and abiotic in the second case. Most of the previously
documented fossil lineages (see Dzik 1999 and references
therein) show a rather gradual and linear evolution, irrespec-
tive of environmental change. Paradoxically, the changes in
environment seem rather to hamper evolution (Dzik 1999).
This pattern of evolution is explained by the Ancient Lake
Concept (e.g., Gorthner and Meier-Brook 1985; Gorthner 1992)
developed from the evolution of gastropod lineages in fresh-
water, long-lasting, extant and fossil lakes. The data docu-
menting this phenomenon are still growing, but marine gastro-
pods in contrast to those from continental environments, dis-
played no such pattern. The temporal changes of the morpho-
logical characters in the lineage of Rissoina (Buvignieria) sp.
from the Wawal section of Valanginian (Lower Cretaceous)
clays in central Poland may be interpreted as an example of
gradual (Ancient Lake) evolution.

Studied specimens are housed at the Institute of Paleo-
biology, Polish Academy of Sciences, Warsaw (abbreviated
ZPAL).

Geological setting

The claypit at the village Wawal, located two kilometers east
of Tomaszéw Mazowiecki, exposes a rock section of Valan-
ginian age. According to Kutek et al. (1989), the section en-
compasses the early and part of the late Valanginian (Fig. 1)
a duration of about 5 million years (Harland et al. 1990). Al-
though the clay is quarried continuously, the section has
never been completely exposed at one time.
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In the Wawat section, a single transgressive/regressive
cycle is recorded. The lower, transgressive part of the sec-
tion reveals unstable hydrological conditions reflected in
several profound reorganisations of the faunas (Kaim 2001).
The subsequent environmental change at Wawat (beginning
with sample L1, see Fig. 1 for sample numbers) probably
corresponds to the continuing expansion of the Boreal sea
but faunal assemblages still suggest shallow-water condi-
tions near the photic zone (Kaim 2001). A further sea-level
rise (early late Valanginian high stand) widened a connec-
tion with the Tethys (sample B1) across southern Poland.
During that time the Tethyan ammonite Saynoceras replaced
the Boreal Polyptychites (Kutek et al. 1989). In the middle
part of the section (samples F2—-A2), interpreted here as de-
posited in the early late Valanginian high stand the faunal dy-
namics stabilized and fossils are not numerous (Kaim 2001).
With the sea-level fall, the hydrological situation again be-
came unstable. The first signs of the shallowing event are
observed in a narrow zone close to the top of unit 11 (sample
C5). A much more pronounced expression of the shallowing
is recorded at the base of unit 13 (H3—G3). There, both 6130
and 8'3C values dropped abruptly (Kaim 2001), clay sedi-
mentation was replaced by deposition of silt. The abrupt
change in lithology occurred with changes in the composi-
tion of the fauna (gastropods, bivalves, ammonites,
ostracods, and foraminifers; see Kaim 2001), e.g., the Tethyan
ammonite Saynoceras was replaced by the Boreal ammonite
Dichotomites (Kutek et al. 1989). This suggests a profound
hydrologic change. It can be ascribed to a global low stand
in the late Saynoceras verrucosum Zone as suggested by
Hoedemaeker (1984) and Kutek et al. (1989). A little later
(probably in the earliest Hauterivian) the sea retreated from
the Wawat area.

The gastropod lineage under study continued through
most of the environmental changes observed at Wawat.

http://www.paleo.pan.pl/acta/acta47/app47-667.pdf
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Fig. 1. Temporal changes in Rissoina (Buvignieria) sp. through the Wawat section. The raw data of ecophenotypic parameter D (diameter at the first whorl
of the teleoconch and shoulder angle) and parameter of presumed evolutionary importance SA (shoulder angle). The unsampled parts of section were inac-
cessible during fieldwork.
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Fig. 2. Temporal changes of Rissoina (Buvignieria) sp. in the Wawal section. The mean value, standard deviation, p of Kolmogorov-Smirnov D statistic, and
observed range for diameter at the first whorl of the teleoconch (D), whorl height between abapical and adapical suture at the end of the first whorl of
teleoconch (SH), shoulder angle (SA), and apical angle (A). Note that in the lower part of the section where the environment is unstable only the
ecophenotypic parameters (D and SH) change whereas the parameters SA and A, both signals of morphological changes start to evolve after the environ-
ment stabilizes. The Kolmogorov-Smirnov D statistic counted with PAST software (Hammer et al. 2001) gives roughly the same results.
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Fig. 3. Rissoina (Buvignieria) sp. from the Wawat section. A. ZPAL Ga.9/44, sample A5, lateral (A;) and apical (A,) views respectively. B. ZPAL Ga.9/46,
sample C2, lateral (B,) and apical (B,) views respectively. C. ZPAL Ga.9/52, sample C1, lateral view. D. ZPAL Ga.9/48, sample 11, lateral (D,) and apical
(D,) views respectively. E. ZPAL Ga.9/49, sample M1, lateral view. F. ZPAL Ga.9/54, sample F2, lateral view of the protoconch. G. ZPAL Ga.9/43, sample
L1, close-up of the protoconch 1. H. ZPAL Ga.9/53, sample C1, apical view. Black arrow shows the demarcation between protoconch 1 and 2, white arrows
show the demarcation between protoconch and teleoconch.

Gastropod material

Three vertical series of samples (37 in total) have been col-
lected from accessible parts of the section. The succession
between these series was not exposed during sampling, re-
sulting in two gaps. Each of the samples was about 2.5 kg in
weight. They were washed with hot water on the sieve (mesh
size 0.5 mm) and the fossils were picked from residues under
the microscope.

The genus Rissoina d’Orbigny, 1840 belongs to the
family Rissoidae Gray, 1847. The subgenus Buvignieria

Cossmann, 1921 is represented by several species from the
Jurassic and Lower Cretaceous (see, e.g., Ponder 1985;
Griindel 1998). Rissoina (Buvignieria) sp. is interpreted
here as a single, undescribed species. The populations
from the uppermost and lowermost samples may represent
separate chronosubspecies (in the sense of Dzik and Tram-
mer 1980) as the double standard deviation ranges of the
shoulder angle (SA, see below) do not overlap. As the ju-
venile shells of this gastropod resemble to some degree ju-
venile aporrhaids, this gastropod was earlier identified as
APOR-1 (Schroder 1995; Kaim 2001). A survey of Juras-
sic and Cretaceous rissoinids and aporrhaids leads to the
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conclusion that this taxon should be included in Rissoi-
nidae. Its protoconch (conical shape, oblique threads and
opisthocyrtic demarcation with teleoconch) and teleo-
conch (angulation at the spiral cord) characters allow in-
clusion of the species in the subgenus Buvignieria. De-
tailed taxonomic treatment of this species will be pub-
lished separately along with a revision of the Jurassic and
Early Cretaceous rissoinids.

The shells of Rissoina (Buvignieria) sp. are a minor
(about 1%, 174 shells in total) but almost constant compo-
nent of the fossil assemblage of gastropods in the Wawal
section (see Kaim 2001). They appear in the first fossili-
ferous sample R1 and they have an almost continuous re-
cord through about 7 meters of the section until sample AS5.
After that they disappear together with several other gas-
tropod species.

The gastropods are represented mainly by larval and juve-
nile whorls of the shell. The largest complete specimen does
not exceed two whorls of the teleoconch. For this reason, in
the majority of specimens, only the first teleoconch whorl
was measured. To show the changes in morphology and size
of the shells four parameters were used:
diameter of the first whorl of the teleoconch (D),
whorl height between abapical and adapical suture at the
end of the first whorl of teleoconch (SH),
shoulder angle (SA),
apical angle (A).

First two parameters depict the changes in size of veligers
and juvenile gastropods. The changes of these parameters
seem to reflect ecophenotypic variability, expressing usually
improvement or deterioration of environmental conditions
(Moran 1999).

The shoulder and apical angles describe the changes in
shell morphology. This kind of change is usually regarded as
of evolutionary importance (compare Biittner 1982; Gorth-
ner and Meier-Brook 1985; Reif 1985).

Raw data of diameter and shoulder angle are presented
in Fig. 1. Because of the scarcity of well-preserved speci-
mens the mean value and standard deviation were calcu-
lated for four arbitrary chosen sample sets (Fig. 2). The
samples between sample sets yielded no specimens of
Rissoina (Buvignieria) sp., (samples P1, O1, K1, A2, and
B5) or the specimens were badly preserved (samples J1,
El, and Al).

Pattern of evolution in the Wawat
gastropod lineage

Among the numerous gastropod lineages represented in
Wawal only one, Rissoina (Buvignieria) sp. (Fig. 3), shows
recognizable temporal changes. The evolution of Rissoina
sp. in the Wawat section can be divided into two parts. First
phase of evolution took place during a sea-level rise when the
hydrological conditions were unstable (see Kaim 2001).

Here the body-size (ecophenotypic) parameters D and SH
show the same trend resulting in expansion of the protoconch
volume (Fig. 2). Simultaneously the angular parameters SA
and A are almost stable in this part of section. The enlarge-
ment of the veliger most probably reflects improvement of
conditions for this species during the transgression. Similar
disparity in the juvenile shell size was observed among living
populations of gastropods, in more favourable conditions
(e.g., subtidal environment) the hatched larvae are larger than
those in less favourable condition (e.g., intertidal environ-
ment; Moran 1999).

In the middle part of the section, when the sea level
reached a maximum, a period of relative hydrological stabil-
ity occured. The body-size (ecophenotypic) parameters (D,
SH) are almost stable here (Fig. 2). In contrast, angular pa-
rameters (SA, A) started to evolve gradually from elongated
forms into more isometric ones. Also the shape of the whorl
had a tendency to change from oval to more angular with a
strong spiral rib at the shoulder.

The following hydrological disturbance evoked most
probably by a global lowstand in late verrucosum time
(Hoedemaker 1984; Kutek et al. 1989; Kaim 2001), probably
caused the disappearance of the species.

Conclusions

The case of Rissoina (Buvignieria) sp. provides evidence
supporting the Ancient Lake Concept (Gorthner and Meier-
Brook 1985), which claims that in fluctuating environments
the morphology of organisms remains virtually stable
whereas in stable environment the organisms tend to evolve
gradually (see discussion in Dzik 1999). This phenomenon
primarily documented from several long-lived lakes (Gorth-
ner and Meier-Brook 1985; Reif 1985; Willmann 1985;
Gorthner 1992) is also supported by several studies of lin-
eages of other groups, e.g., ostracodes (Olempska 1989),
conodonts (Dzik 1999 and references therein) and trilobites
(Sheldon 1996). Although the number of such cases has in-
creased, the cause of evolutionary change still remains un-
clear. The Red Queen hypothesis (Van Valen 1973) and Sta-
tionary Model (Stenseth and Maynard Smith 1984) both
claim that environmental change drives the evolution, biotic
in the first case and abiotic in the second. In the case Rissoina
sp., there is no evidence in support of these hypotheses. No
other gastropod species coexisting in Wawal section with
Rissoina sp. reveals any temporal change in its morphology.
In the part of the section where the evolution of Rissoina sp.
is best recorded, I did not find any traces of abiotic forces that
could drive the evolution of the Rissoina sp. lineage. The
problem in such cases is that the organisms are usually much
more sensitive to any biotic or abiotic changes than a vulner-
ability of the fossil record to reflect the changes sedimentolo-
gically. On the other hand, the environmental changes re-
corded in the lower part of Wawal section caused only
ecophenotypic changes of the shell. The linear character of

http://www.paleo.pan.pl/acta/acta47/app47-667.pdf



672

the morphologic (evolutionary) changes in respect to time
suggests rather an intrinsic control of their evolution rate as
was suggested by Dzik (1999) for other examples of gradual
evolution.

Acknowledgements

I am deeply indebted to Jerzy Dzik, Marcin Machalski, and Anders
Warén for reviewing the early drafts of this paper. The paper greatly
benefited from the reviews of David A.T. Harper, Alexander Niitzel,
and LouElla Saul.

References

Biittner, D. 1982. Biometrie and Evolution der Viviparus-Arten (Mollusca,
Gastropoda) aus der Plio-Pleistozdn-Abfolge von Ost-Kos (Dodekanes,
Griechenland). Berliner Geowissenschaftliche Abhandlungen, Reihe A
42: 1-79.

Cossmann, M. 1921. Essais de Paléoconchologie Comparée. Douzieme
Livraison. 349 pp. M. Cossmann, Paris.

d’Orbigny, A. 1840. Mollusques. Voyage dans I’Amérique Méridionale
exécuté pendant les années 1826, 1827, 1828, 1829, 1830, 1831, 1832 et
1833 5: 377-408.

Dzik, J. 1999. Relationship between rates of speciation and phyletic evolu-
tion: stratophenetic data on pelagic conodont chordates and benthic
ostracods. Geobios 32: 205-221.

Dzik, J. and Trammer, J. 1980. Gradual evolution of conodontophorids in
the Polish Triassic. Acta Palaeontologica Polonica 28: 55-89.

Gorthner, A. 1992. Bau, Funktion und Evolution komplexer Gastropoden-
schalen in Langzeit-Seen. Mit einem Beitrag zur Paldobiologie von
Gyraulus ,,multiformis” im Steinheimer Becken. Stuttgarter Beitrdige
zur Naturkunde, Serie B (Geologie und Paldontologie) 190: 1-173.

Gorthner, A. and Meier-Brook, C. 1985. The Steinheim Basin as a paleo-
ancient lake. Lecture Notes in Earth Sciences 1: 322-334.

Gray, J.E. 1847. Alist of the genera of Recent Mollusca, their synonyma and
types. Proceedings of the Zoological Society of London 1847: 129-242.

ACTA PALAEONTOLOGICA POLONICA 47 (4), 2002

Griindel J. 1998. Archaeo- und Caenogastropoda aus dem Dogger Deutsch-
lands und Nordpolens. Stuttgarter Beitrige zur Naturkunde, Serie B
(Geologie und Paldontologie) 260: 1-39.

Hammer, @., Harper, D.A.T., and Ryan, P.D. 2001. Past: Paleontological sta-
tistics software package for education and data analysis. Palaeonto-
logia Electronica 4: 1-9.

Harland, W.B., Armstrong, R.L., Cox, A.V,, Craig, L.E., Smith, A.G., and
Smith, D.G. 1990. A geologic time scale. 263 pp. Cambridge University
Press, Cambridge.

Hoedemaeker, PJ. 1984. Proposals for the stratigraphic positions of the
Berriasian-Valanginian and Valanginian-Hauterivian boundaries. Bul-
letin of the Geological Society of Denmark 33: 139-146.

Kaim, A. 2001. Faunal dynamics of juvenile gastropods and associated or-
ganisms across the Valanginian transgression-regression cycle in cen-
tral Poland. Cretaceous Research 22: 333-351.

Kutek, J., Marcinowski, R., and Wiedmann, J. 1989. The Wawal Section,
central Poland — an important link between Boreal and Tethyan Valan-
ginian. In: J. Wiedmann (ed.), Cretaceous of the Western Tethys, Pro-
ceedings of the 3% International Cretaceous Symposium, Tiibingen
1987, 717-754. Schweizerbart, Stuttgart.

Moran, A.L. 1999. Size and performance of juvenile marine invertebrates:
potential contrasts between intertidal and subtidal benthic habitats.
American Zoologist 39: 304-312.

Olempska, E. 1989. Gradual evolutionary transformations of ontogeny in a
Ordovician ostracod lineage. Lethaia 22: 159-163.

Ponder W.F. 1985. A review of the genera of the Rissoidae (Mollusca:
Mesogastropoda: Rissoacea). Records of The Australian Museum, Sup-
plement 4: 1-221.

Reif, W.-E. 1985. Endemic evolution of Gyraulus kleini in the Steinheim
Basin (planorbid snails, Miocene, Southern Germany). Lecture Notes in
Earth Sciences 1: 256-294.

Schroder, M. 1995. Friihontogenetische Schalen jurassicher und unter-
kretazischer Gastropoden aus Norddeutschland und Polen. Palaeonto-
graphica A 238: 1-95.

Sheldon, PR. 1996. Plus ¢a change—a model for stasis and evolution in dif-
ferent environments. Palaeogeography, Palaeoclimatology, Palaeoec-
ology 127: 209-227.

Stenseth, N.C. and Maynard Smith, J. 1984. Coevolution in ecosystems:
Red Queen evolution or stasis? Evolution 38: 870-880.

Van Valen, L. 1973. Anew evolutionary law. Evolutionary Theory 1: 1-30.

Willmann, R. 1985. Responses of the Plio-Pleistocene freshwater gastro-
pods of Kos (Greece, Aegean Sea) to environmental changes. Lecture
Notes in Earth Sciences 1: 295-321.



