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ABSTRACT: The discrepancies in the stratigraphical ranges of selected dinoflagellate cysts recorded in the Boreal and Tethyan realms 
have revealed two migrational events during the Early Jurassic. The first event occurred at the early-late Pliensbachian boundary and 
consists of mutual biotic exchanges between the two realms. This is linked to a major Early Jurassic transgression which improved ma
rine communications between the Boreal and Tethyan areas. The second dinoflagellate migrational event occurred during the mid 
Toarcian and was driven by paleoenvironmental factors. The numerous available Lower Jurassic dinoflagellate cyst data from the Boreal 
and Tethyan realms indicates that phytoplankton distribution was profoundly affected by paleoecological factors. Information pertain
ing to the life strategies and the paleoecological requirements of the genera Luehndea.Ktmnoceraiopsis and Vulvaeodinium has also been 
determined. 

INTRODUCTION 

The distributions of dinoflagellate cysts are primarily related to 
paleoenvironincnt.il regimes. Certain dinoflagellate eysi taxa 
exhibit hcieroehroneity over wide areas because of differences 
in paleoecological preferences and overall paleoenvironments 
(Goodman 1987). This situation has implications for the appli
cation of dinoflagellate cysts to intercontinental biostratigraphy 
(Bucefalo Palliani and Riding 1997a). During the Jurassic two 
faunal provinces, the Boreal and Tethyan realms, have been dis
tinguished partly on the basis of different ammoni te , 
loraminiferal. brachiopod and calcareous nannofossi] assem
blages (Arkcll 1956; Gordon 1970; Voros 1977: Bown 1987). 
Biotic differences between these realms may be characterized 
by relative abundances rather than by the presence or absence 
of specific taxa (Hallam 1969). The Boreal Realm occupied the 
northern part of the Northern Hemisphere: the Tethyan Realm 
lay to the south (Hallam 1969). During the Early Jurassic a 
broad transitional area with both Boreal and Tethyan biotic 
characteristics was developed. This intermediate belt comprises 
southern France. Hungary and Portugal, and was also delin
eated on the basis of ammonites, calcareous nannofossils and 
dinoflagellate cysts (Zcigler 1980: Geczy 1984: Cariou et al. 
1985: Gat-din and Manivit 1994; Baldanza et al. 1995). Within 
the Tethyan Realm, the macrofaunas allow the Mediterranean 
and sub-Mediterranean bioprovinces to be distinguished. The 
former comprises the northern margin of the Tethys Ocean, thus 
is of European affinity; the sub-Mediterranean is of African af
finity, being on the southern margin of Tethys (Pavia and Sarti 
1987). Recently these two Tethyan provinces have been differ
entiated using calcareous nannofossils (Baldanza and Mattioli 
1992; Baldan/a et al. 1995; Mattioli 1995). 

The majority of publications on Lower Jurassic dinoflagellate 
cysts arc from the Boreal domain: there are significantly fewer 
published data from north-west Tethys. The biogeographical 
distributions of Lower Jurassic dinoflagellate cysts have not 
been investigated in detail. On the basis of data by Davies 

(1985) from central Portugal. Tethyan Lower Jurassic 
microplankton assemblages are broadly similar in generic/spe
cific content to more northerly floras. However, there are sev
eral taxa whose stratigraphical ranges differ profoundly from 
those in the Boreal Realm (Poulsen 1996; Riding and loannides 
1996). 

Recently, palynological studies have been carried out on 
ammonite- and calcareous nannofossil-dated Lower Jurassic 
Tethyan sections in order to define the stratigraphical ranges of 
dinoflagellate cysts and to compare them with their ranges in 
the Boreal Realm (Bucefalo Palliani 1996). The aims of this 
study are to distinguish and interpret the stratigraphical discrep
ancies between the two palcogcographical realms, to utilize the 
stratigraphical data to identify the areas where the main 
Pliensbachian-Toarcian speciation events occured. to recognize 
the most important migrational events and consequently the 
biogeographical factors which drove the dinoflagellate cyst dis
tributions. 

MATERIAL 

Samples were collected from several European Plicnsbachian-
early Toarcian successions (text-fig. 1). The correlations arc 
based on the ammoni te , calcareous nannofossil and dino
flagellate cyst content. 

The Portugese sections, Pcnichc. Rabacal and Brehna. are out
crop localities in central Portugal, north of Lisbon (text-fig. 2). 
The Peniche section ranges in age from the early Pliensbachian 
(Carixian) to the early Toarcian. It consists of intercalations of 
marls and more calcareous marls with interbedded black shales 
and detrital crinoidal limestone. The samples studied are from 
the Lower Pliensbachian (text-fig. 3). The late Sinemurian 
(Lotharingian) to early Bajocian Brenha road cutting section 
was dated by Mouterde et al. (1972). The Lower Pliensbachian 
portion of the section, made up by grey marls with marly lime
stone beds, has been investigated during this study (text-fig. 3). 
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TEXT-FIGURE i 
Map of Europe illustrating the localities considered in this work (I-Greece: 2-ltaly; 3-Portugal; 4-Hungary) and those ol previous major studies on 
Lower Jurassic tPliensbachian-Toarcian) dinoflagellate cysts (5-Bulgaria: Dodekova and Tchoumatchenko 1989: 6-France: De Vains 1988; 
7-U.K.:Riding and Thomas 1992: 8-Germany: Feist-Burkhardt and Wille 1992; 9-Denmark: Poulsen 1996). 

The Rahacal section outcrops along the road from Rahacal to 
Condeixa and is referable to the Middle and Upper Lias 
(Carixian-Toarciari). The portion studied (Upper Pliens
bachian-Toarcian) is made up by alternating marls and marly 
limestones: the samples investigated are illustrated in text-fig. 
3. 

The Upper Plicnsbachian-Lower Toarcian Reka Valley section 
is located in the Mecsek Mountains area (southwest Hungary) 
and lithotypes represented are marly limestone and black clay 
(Galacz and Voros 1989; Baldanza and Mattioli 1992: Bucefalo 
Palliani et al. 1997a). 

In central Italy three Lower Toarcian successions have been in
vestigated. Colic d Orlando. Pozzale and Fonle Cerro. belong
ing to the Umbria-Marche domain (Bucefalo Palliani et al. 
1997b). 

The Lower Toarcian Greek outcrops in the Lefkas island in 
Kalamilzi. northwestern Greece have also been investigated 

(Pettinelli et al. in press: Bucefalo Palliani et al. 1996: Bucefalo 
Palliani and Riding. 1997b). 

The data from these Tethyan sections have been integrated with 
published data from the Boreal domain (Woollam and Riding 
1983: De Vains 1988: Feist-Burkhardt and Wille 1992: Riding 
1987: Riding et al. 1991: Riding and Thomas 1992: Poulsen 
1996). 

DINOI I .AGKLLATE CYST DISTRIBUTIONS 

Dinoflagellate cyst assemblages from the Pliensbachian and 
Toarcian of the Tethyan Realm arc characterized by taxa vv hich 
are also widespread in the Boreal Realm. These comprise 
Luehndea spp.. Mancodiniwn semitabulatum, Mendicodinium 
spp.. Nannoceratopsis spp. . Scrinocassis weberi, Susadinium 
scrofoides and Valvaeodinium spp. (Woollam and Riding 1983: 
De Vains 1988: Dodekova and Tchoumatchenko 1989: 
Feist-Burkhardt and Wille 1992: Riding and T h o m a s 1992; 
Poulsen 1996). Some of these taxa exhibit the same siraiigraphi-
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cal ranges in the two paieogeographical domains (i.e. M. 
semitabulatum, Mendicodinium spp. and S. weberi), whereas 
significant stratigraphical differences were observed for other 
dinoflagellate cysts (text-fig. 4). 

The genus Luehndea was recorded from the Lower 
Pliensbachian (Carixian) of Portugal (Tethyan Realm), where it 
is represented by the species Luehndea spinosa and Luehndea 
cirilliae (text-fig. 5). At the Lower-Upper Pliensbachian 
(Carixian-Domerian) transition the genus is widespread 
throughout central and northern Europe (Denmark. England. 
France. Germany, Hungary and Italy). In Hungary, L. spinosa. 
L. mieroretieulala and L. cirilliae have been reported (Baldan/a 
et al. 1995; Bucefalo Palliani et al. 1997a) whereas throughout 
the remainder of the Boreal Realm, only L. spinosa is present 
(Woollam and Riding 1983; De Vains 1988; Feist-Burkhardt 
and Wille 1992; Riding and Thomas 1992: Poulsen 1996). 

A similar distributional trend is observed for the genus 
Nannoceratopsis (text-fig. 6). Nannoceralopsis gracilis and 
Nannoceratopsis senex first appeared in the Carixian of Portu
gal in the Tethyan domain (text-figs 4, 6). In the Domerian. 
Nannoceralopsis became widespread in the Boreal Realm and 
the more southerly transitional belt (Bulgaria. Denmark. Eng
land. France. Germany. Hungary and Siberia). This genus ex
hibited a marked increase in abundance and species diversity 
during the late Pliensbachian (Woollam and Riding 1983; Dc 
Vains 1988; Dodekova and Tchoumatchenko 1989; Riding and 
Thomas 1992: Feist-Burkhardt and Wille 1992; Ilyina et a). 
1994; Poulsen 1996). During the Carixian. Nannoceralopsis 
typically represents 15% of the Portugese dinoflagellate cyst as
semblages. In the late Pliensbachian of northern Europe. 
Nannoceratopsis is normally the dominant dinoflagellate cyst 
genus (e.g. Woollam and Riding 1983). In the Tethyan Realm. 
Nannoceralopsis is a subordinate constituent of the dino
flagellate cyst assemblages from the sub-Mediterranean prov
ince (for example 30% in Portugal) and it is absent or very rare 
in the assemblages from Italy and Greece (Mediterranean prov
ince). Baudin and Lachkar (1990) recorded extremely rare N. 
gracilis from the Lower Jurassic of northwest Greece. 

The first report of Valvaeodinium was from the Upper Triassic 
of the Kendelbachgraben. Austria by Morbey (1975). who re
corded the species Valvaeodinium koessenium. During the early 
Pliensbachian, Valvaeodinium is present in the Boreal Realm 
(Bulgaria. Denmark and Germany) with the species Valvaeo
dinium koessenium. V. lineaium. V. perpunctatum, V punctatum 
and V. stipulatum (Wille and Gocht 1979: Dodekova and 
Tchoumatchenko 1989: Feist-Burkhardt and Wille 1992: 
Poulsen 1996). In the Tethyan area, the genus Valvaeodinium 
has been recorded from the Lower Toarcian of Greece and Italy 
(Text-figs 4, 7). In these localities no palynologically produc
tive Upper Pliensbachian samples were encountered. 

Susadinium scrofoides was recorded in the Lower Toarcian (at 
the top of the I), tenuicostaium Zone) in central Italy (Bucefalo 
Palliani and Mattioli 1994). Furthermore, rare and equivocal 
specimens of Susadinium sp. were observed in the Lower 
Pliensbachian of Portugal (text-fig. 4) : Davies (1985) recorded 
S. scrofoides from the Upper Pliensbachian of Portugal. This 
species belong to the Parvocysta suite of Riding (1984) which 
is widespread throughout the Boreal Realm during the mid 
Toarcian (H. bifrons Zone) (Woollam and Riding 1983: Riding 
and Thomas 1992). In the Boreal domain. S. scrofoides is one of 
several other taxa of the Pan'ocysta suite (Riding 1984) such as 

TEXT-FIGURE 2 
Locality map of the three sections studied from Portugal. 1-Pcniche; 
2-Rabacal; 3-Brehna. The countries on the inset map are: F - France: I -
Italy: P - Portugal; S - Switzerland; Sp - Spain. 

Moesiodinium raileanui. Parvocysta nasula. Phallocysta 
eumekes and Reutlingia cardobarbata, which have never been 
recorded from the Tethyan domain (text-fig. 8). 

MIGRATIONAL TRENDS 

T h e discrepancies in the stratigraphical ranges of Luehndea. 
Nannoceratopsis, Susadinium and Valvaeodinium in the Boreal 
and Tethyan realms reveal two distinct migrational events. The 
first migrational event is at the Early-Late Pliensbachian 
(Carixian-Domerian) boundary; mutual exchange occurred be-
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tween the Boreal and Tethyan realms. Luehndea and 
Nannoceratopsis. taxa of Tethyan origin, migrated northwards 
into the Boreal domain while the northern European genus 
Valvaeodinium migrated southwards into the Mediterranean 
area (text-fig. 4). The Carixian-Domerian transition was a time 
of significant faunistic and Holistic exchange between the two 
paleogeographic domains (Mouterde and Elmi 1991). At this 
boundary, belemnites also migrated toward the Tethyan domain 
(Cariou et al. 1985) and at the base of the middle Domerian. the 
ammonite Family Hildocevaiidae {Proiogrammoceras and 
Fuciniceras) spread northwards from the Tethyan area into Bo
real Europe (Mouterde and Elmi 1991: Faraoni et al. in press). 
Ammonites belonging to the Boreal Family Amaltheidae, have 
been found in the northern and central Apennines (central It
aly). They are rare during the Domerian and became more 
abundant during the early Toarcian (/). tenuicostatuin Zone) 
(Venuni . personal communication). These migrations suggest a 
marine connection between the Boreal and the Tethyan realms 
at the end of the early Pliensbachian. Mouterde and Elmi (1991) 
suggested the utilization of the so-called 'Portugese corridor", 
used from north to south by Boreal organisms and from south to 
north by Tethyan taxa. However, according to Hallam (1983). 

since the Pliensbachian. the migrating Boreal species used an 
epicontinental corridor between Greenland and Norway. As evi
denced by ammonites (Ziegler 1980: Faraoni et al. in press), the 
dinoflagellate cysts confirm that the migration of north Euro
pean elements into the Tethyan sea occurred infrequently. I low-
ever. Tethyan forms arc lound as minor but consistent elements 
throughout large areas of the Boreal province. The end Carixian 
migrational event can be linked to the incipient Early Jurassic 
transgression that improved marine communications and caused 
a progressively larger area of the Boreal continent to be flooded, 
thereby increasing the number of niches available for coloniza
tion. 

The second dinoflagellate cyst migration event occurred during 
the mid Toarcian (H. bifrons Zone) and is revealed by the strati
graphical ranges of Susadinium scrofoides in the Boreal and 
Tethyan domains. Susadinium scrofoides originated in the 
Tethyan Realm during the late Pliensbachian (P. spinatum 
Zone) (Davies 1985) and spread northwards into the Boreal 
Realm during the mid Toarcian (text-figs. 4 . 8). The mid 
Toarcian lies within a regressive phase (Haq el al. 1987). thus 
this migrational event can be linked to the gradual oxygenation 
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of the Boreal seas and lo chemical and/or physical changes of 
the water column following the Lower Toarcian global anoxic 
event (Jenkyns 1985). In Italy, the oldest occurrence of 5. 
scrofoides is in the Early Toarcian (text-figs. 4 . 8) and. more 
precisely, at the top of the D. teniiiroxtiiiiim / o n e where the 
well oxygenated conditions of the sea bottom and an unstable 
water column were re-established after the Lower Toarcian 
anoxic event (Bucefalo Palliani and Mattioli 1994: Bucefalo 
Palliani and Riding 1997a). In the Boreal Realm the restoration 
of oxygenated conditions in marine paleoenviroments occurred 
later in the mid Toarcian with respect to the Tethyan Realm 
(Haliam 1987: Prauss and Riegel 1989: Jenkyns ct al. 1991). 
Cyst-producing dinoflagellates have a benthonic stage in their 
life cycle (the cyst) and their distribution is affected by the eco
logical conditions of the paleoenvironmcnt. It seems probable 
that S. scrofoides could not live in a stratified water column 
with cuxinic sea bottoms, therefore its distribution was inti
mately controlled by the geographical and temporal extension 
of the Lower Toarcian anoxic event. Susadinium scrofoides oc
curred in central Italy at the top of the / ) . tenuicostatum Zone 
and it migrated northwards into the Boreal Realm during the 
mid Toarcian (//. bifrons Zone) when the stressed conditions, 
linked to the anoxic event, were overcome. This species filled 
the niches left vacant by the organisms which became extinct 
during (his major event. The connection between the first oc
currence of the Poivocyxta suite and the end of the Lower 

Toarcian bituminous facics. noted by Fcist-Burkhardl and Wille 
(1992) and Bucefalo Palliani and Riding (1997a). is interpreted 
here as an opportunistic colonization and diversification of rela-
tively unstable marine conditions. The stratigraphical data show 
that the Panocyxia suite found a more favorable paleo-
environment in the Boreal Realm as suggested by higher abun
dances and diversification in this region (text-fig. 8). 

T H E INFLUENCE O F PALEOECOLOGY ON 
DINOFLAGELLATE CYST DISTRIBUTIONS AND 
SPECIATION 

Manv of the dinoflagellate cysts recorded in this study arc cos
mopolitan taxa. They show wide geographical distributions and 
characterize the assemblages from both the Boreal and Tethyan 
domains, despite sometimes extbiting different stratigraphical 
ranges. I low ever, more detailed observations, reveal in some 
cases that the distributions are more or less profoundly affected 
by paleoecological factors. 

Nannoceratopsis is a Tethyan genus which colonized the Boreal 
seas in the early Pliensbachian. during the Early Jurassic trans
gression. Being present at low and high paleolatitudes and many 
localities (e.g. Van Helden 1977: Ilyina et al 1994). it can be 
considered a cosmopolitan taxa. as previously observed by 
Riding (1984). Moreover, due to its ubiquity in late Pliens
bachian to Bajocian sediments throughout the Northern Hcini-

205 



Raffaella B. Pallium and James B. Riding: Early Jurassic dinoflagellate migrations andpaleoecology, Boreal and Tethyan realms 

-C) 
3 

U 

< 

pi 
s 

c/5 
< 

a, 
ci. 

I 

, 1 

- I 

i 

TETHYAN DOMAIN 

1 
9. 

BOREAL DOMAIN 

< 

Q 

Luehndea microrelicutata 

Luehndea cirilliae 

tjiehndea spinosa 

Luehndea spinosa Luehndea cirilliae 

Portugal 
Davics, 1985 

! S France , , 

Portugal Hungary 
this work 

BS3 central Italy ^ Denmark 

U.K. 

Germany 

TEXT-FIGURE ? 
The stratigraphical distributions of the species of Luehndea throughout the Pliensbachian and Toarcian ol Europe. 

sphere, Nannoceralopsis is also believed to be euryaliiie 
(Hancock and Fisher 1981: Riding 1983). During the Toarcian 
in the Boreal Realm. Nannoceratopsis exhibited its highest total 
abundance and species diversity: these values decrease gradu
ally towards the southern Tethyan regions. Therefore, despite 
the cosmopolitan nature of the genus, its distribution was fa

voured by the paleoecological conditions in the Boreal Realm. 
The distribution of the cosmopolitan and endemic taxa was gen
erally controlled by the ecology of the paleocnvironment (Val
entine 1973). Crucial factors included the climatic and/or 
environmental stability and predictability and these controlled 
patterns of species diversity, the width of paleoecological 
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The stratigraphical distributions of the species of Nannoceratopsis throughout the Pliensbachiun and Toarcian of Europe. 

niches, speciation rates and the complexity of the food chain 
(Pianka I960; Odum and Copeland 1974). Cosmopolitan spe
cies are generally eurytopic organisms, which tolerate a wide 
range of paleonvironmental conditions and occupy wider 
niches. Because of their life strategies, they prefer unstable and 
unpredictable palcoenvironments where the flux of the trophic-
resources arc not constant with time. At higher latitudes within 
the Boreal Realm, the epicontinental seas represented more un
stable and unpredictable paleoenvironments than their counter
parts in the Tethyan domain. In the Boreal Realm, eurytopic 
and cosmopolitan taxa with an "r-sclected' (sensit Valentine 
1973) life strategy (opportunistic organisms able to rapidly in
crease their population densities by early maturation and reproduc
tion), such as Nannoceratopsis. overwhelmingly dominated. 
Nannoceratopsis first occurs in Portugal with the species N. 
gracilis and N. senex. which are relatively simple in morphol
ogy with one or two antapical horns. In the Boreal Realm, the 
genus diversified comprising some species with more complex 
morphologies (Poulsen 1996). They may exhibit two or three 
antapical horns and. occasionally, a ventral horn (text-fig.6). 
This situation may have been an effect of evolution of the genus 
with time which produced morphologically complex forms. Al
ternatively, it can be interpreted as a morphological adaptation 
to the different paleoecological conditions of the two bio-
geographical realms. 

Luehndea is a cosmopolkan genus which exhibits higher abun
dances in the Boreal Realm. During the Pliensbachian and the 

Lower Toarcian. Luehndea represented 40%-60% of the Boreal 
dinoflagellate cyst assemblages, whereas it is very rare (c.3%) 
in Italy (Baldanza el al. 1995). This abundance trend may be ex
plained by the life strategy of Luehndea; it was probably an 
eurytopic genus such as Nannoceratopsis, which favored the 
unstable and unpredictable Boreal conditions. This genus, in 
northern Europe, is normally represented by the species 
Luehndea spinosa (Riding 1987: Fcist-Burkhardt and Wille 
1992: Poulsen 1996). In Portugal, however, /.. cirilliae is the 
most abundant representative of the genus. The most diverse as
semblages of Luehndea have been recorded in Hungary, where 
L. cirilliae, L. inicroreliculaia and L. spinosa are present 
(text-fig. 5). 

T h e distribution of common Valvaeodinium in the 
Pliensbachian and early Toarcian is confined to a narrow area 
comprising Denmark (Poulsen 1996). Germany (Wille and 
Gocht 1979). Hungary. Italy and Greece (text-fig. 8). This genus 
is absent or extremely rare and low in species diversity in Eng
land. France. Portugal and Russia (Woollam and Riding 1983: 
Davies 1985: De Vains 1988: Riding and Thomas 1992; Ilyina 
ct al. 1994: Poulsen 1996). The distributional area of common 
Valvaeodinium is parallel to the oceanic axis of the Tethyan sea. 
It appears that Valvaeodinium was abundant close to this axial 
zone and was markedly rarer outside of this region (text-fig. 9). 
It is probable that its spreading was controlled by particular 
paleotemperature values, better water clarity and higher values 
of salinity and deepening of the marine paleoenvironment. 
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TEXT-FIGURE 7 
The stratigraphical distributions of the species of Valvaeodinium throughout the Pliensbachian and Toarcian of Europe. 

In the Greek and Italian sections studied, numerous specimens 
of Valvaeodinium cysts which are completely closed or with 
loosened opereula in situ, have been recorded together with the 
highest Total Organic Carbon ( T O O values (text-fig. 10). Wille 
and Gochl (1979) recorded many closed cysts of Valvaeodinium 
punvlatum (as Coiii/Kimrfim'imi pniirfnfiini) in the most bitumi
nous lithotypes of the Posidonienshiefer (Lower Toarcian) in 
southwest Germany. According to Wille (1982). it was probable 
thai dinoflagellate protoplasm (cell contents) which emerged 
via excystment into the anoxic. I l2S-poisoned bottom waters of 
the north European sea during the early Toarcian would have 
been killed. Either the algae were killed inside the closed cysts 
or when they tried to leave them (text-fig. I I) . Wille ( I " 8 2 ) 
opined that the protoplast started to open the operculum by re
sorption of its rim and that the cell vvas killed when it came into 
contact with the poisoned walci outside. In central Italy during 
the early Toarcian. anaerobic conditions have been verified at 
the sea bottom (Bucefalo Palliani and Cirilli 1993; Bucefalo 
Palliani and Mattioli 1994). The Redox Potential Discontinuity 
(RPD) was close to the water-sediment interlace, therefore a 
small quantity of free oxygen was available at the sea bottom. 

as confirmed by the paleontological data of Baitolini ct al. 
(1992) and Nocchi (1992). Moreover, in the Greek and Italian 
sections, the Valveodinium cysts arc generally in association 
with Mancodinium semilabulalum, Mendicodinium spp. and 
Umhriadinium mediterraneense. whose opereula are totally 
lacking, evidencing successful excystment. Dale (1983) ob
served that, for a given species ol dinoflagellate. there is proba
bly a ' temperature window' within which it may excyst. and 
outside of which, excystment is inhibited. The highest TOC val
ues in central Italy have been related to the maximum 
paleoenvironmental stability, deepening and sedimentary star
vation (Bucefalo Palliani and Cirilli 1993). The deepening and 
the resultant water Stratification confined the heal to a surface 
layer bounded by the (hci niocline beneath and produced a low
ering of the temperature at the sea bottom. This lowering of the 
water temperature may go below the Valvaeodinium ' tempera 
lure window' and the Valvaeodinium cysts, independent of 
other taxa. are not able to excyst (text-fig.12). On the basis of 
present knowledge, temperature is a major factor inducing 
excystment in the natural environment (Dale 1983). but the pos
sible roles played by other factors, such as day length, nutrient 
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TEXT-FIGURE 8 
The stratigraphical distributions of selected representatives of the Panvcysta suite throughout the Pliensbachian and Toarcian of F.urope. 

availability and water chemistry have still not been systemati
cally investigated. Probably both the temperature and the oxy
genation level at the sea bottom affected dinoflagellate 
excystment in early Toarcian paleoenvironments. In Central It
aly, paleotemperatures may have played a primary role. 

During the early Pliensbachian. the dinoflagellate cysts re
corded relatively high turnover and speciation rates (Mattioli 
and Bucefalo Palliani 1995). More detailed observations re
vealed that, during this interval, speciations were more numer
ous in the Tethyan domain (i.e. Luehndea spp.. Mendicodinium 
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TEXT-FIGURE 9 
paleogeographieal map of the western and central European portion of the Boreal and Tethyan realms illustrating the common and diverse occurrences of 
the genus Valvaeodinium (adapted from Dercourt et al. 19931. In the pie charts, the black areas depict the percentages of Valvaeodinium expressed 
against the total dinoflagellate cyst assemblages (white areas). AM: Armorican Massif; BM: Bohemian Massif: BuT: Budva Trough: CA: Central Af
ghanistan; FC: Flemish Cap: GB: Galicia Batik: IM: Iberian Meseta: LBM: I .ondon Brabant Massif: MA: Moycn Atlas: MaE: Malta Escarpement: MC: 
Massif Central: Ot: Othrys: PoB: Porcupine Basin; TP: Tis/a Plate. 

spp. and Nannoceratopsis spp.). The reproductive isolation nec
essary lor the origination of a new genus and/or species may be 
geographical or ecological separation, however, physiological 
or biological factors may also isolate populations. In the Boreal 
and Tethyan realms during the Pliensbachian. the global trans
gression affected several closely linked parameters, such as 
phytoplankton evolution, continental physiography, paleo-
climate. nutrient availability, atmospheric oxygen and carbon 
dioxide levels I hose paleoecological modifications influenced 

the processes of natural selection within the dinoflagellate com
munity. The differences in the hereditary pattern of the original 
population produced communit ies which became rcproduc-
tively isolated, it is probable that natural selection was stronger 
and more efficient in the Tethyan Realm. This comprised stable 
and predictable paleoenvironments inhabited by stenolopic or
ganisms which had a restricted range of paleocnvironmental tol
erances. Casual modifications in the gene pool of partially 
isolated Tethyan dinoflagellate communities could have been 
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favored by the selective processes induced by paleoecological 
modifications, with consequent changes and the origination of 
new taxa. 

CONCLUSIONS 

The integration of the Tethyan data discussed herein with pub
lished data from the Boreal domain (Woollam and Riding 1983: 
De Vains 1988: Feist-Burkhardt and Wille 1992: Riding et al. 
1991; Riding and Thomas 1992; Poulsen 1996) has revealed 
some significant stratigraphical discrepancies. The differences 
in the ranges of the genera Luehndea, Nannoceratopsis, 
Susadinium and Valvaeodinium have been related to two major 
migrational events. 

At the Lower-Upper Pliensbachian (Carixian-Domerian) 
boundary, the migration of Luehndea and Nannoceratopsis 
(which were of Tethyan origin) and Valvaeodinium (of Boreal 
origin) occurred. Ammonites and dinoflagellate cysts suggest 
that, at this lime, the migration of Tethyan elements into the 
north European seas occurred more frequently. The 
end-Carixian migration has been related to the Early Jurassic 
global transgression, which increased the number of niches 

available for colonization in the Boreal Realm and improved 
marine communications. 

The second migrational event was in the mid Toarcian (H. 
bifrons Zone) and is revealed by the stratigraphical range of 
Susadinium scrofoides. which migrated from the Tethyan 
Realm to the Boreal Realm. This event has been related to the 
gradual oxygenation of the Boreal seas and to the chemical 
and/or physical changes of the water column following the 
Lower Toarcian global anoxic event (Jenkyns 1985). In the Bo
real domain, these paleoecological modifications occurred later 
than in the Tethyan Realm. Because of its paieoecology, the 
spreading of 5. scrofoides into northern Europe occurred when 
the stressed conditions, linked to the anoxic event, were over
come. This interpretation explains the connection between the 
first occurrence of the Parvocysta suite and the Lower Toarcian 
bituminous facies. noted by Feist-Burkhardt and Wille (1992) 
and Bucefalo Palliani and Riding (1997a). 

The distributions of some dinoflagellate cysts recorded in this 
study were affected by paleoecological factors. Nannocera
topsis and Luehndea (genera of Tethyan origin) were eurytopic 
genera, with r-selected life strategies, which appear to have pre-
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ferrcd ihe unstable and unpredictable Boreal conditions. The 
distribution of Valvaeodinium was controlled by ihe position of 
the Tethyan oceanic axis and its spreading was dependent upon 
specific paleotemperatures. better water circulation and higher 
values of paleosalinity and the deepening of the paleo-
environment. 

Significant compositional differences have been recorded be
tween the Early Jurassic Boreal and Tethyan dinoflagellate cyst 
floras (Baldan/.a et al. 1995; Bucefalo Palliani 1996). More
over, within Ihe Tethyan Realm, dinoflagellate cysts seem to de
lineate two bioprovinces on the basis of the qualitative and 
quantitative assemblage characteristics. The sub-Mediterranean 
province (i.e. Portugal and southern France) comprises a mix
ing of typically Boreal forms (e.g. Luehndea and 
Nannoceratopsis) and characteristic Tethyan genera (e .g . 
Mendicodiniliin). In assemblages from the Mediterranean prov
ince (i.e. Greece and Italy), however. Nannoceratopsis is rare or 
absent. The genus Mendicodiniuin. even if it is present in both 
two Tethyan bioprovinces, is more abundant in the 
Mctlitcrranan area, where it frequently dominates the 
dinoflagellate cyst associations. Mendicodiniuin is also consis
tently present in the sub-Mediterranean assemblages but in rela
tively low numbers . The converse trend is exhibited by 
Nannoceratopsis. which dominates sub-Mediterranean assem
blages, hut it is absent in Hungary and Italy and is extremely 
rare in Greece (Baudin and Lachkar 1990). 

The Inchest number of early Pliensbachian dinoflagellate cyst 
speciations recorded in the Tethyan Realm has been related to 
the stable and predictable paleoenvironments inhabited largely 
by slenotypic organisms. In this area, selective paleoecological 
processes favored reproductive isolation and subsequent laxo-
nomic radiations. 
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APPENDIX 1 
Alphabetical listing ofthedinollagellatecyst species mentioned in the text. 

Luehndea cirilliae Bucefalo Palliani et al. 1997a 
Luehndea microreticulaia Bucefalo Palliani et al 1997a 
Luehndea sp. A of Davies 1985 
Luehndea spinosa Morgenroth 1970 
Mancodinlum semitabulantm Morgenroth 1970 emend. Below 1987 
Moesiodinium raileanui Anlonescii 1971 
Nannoceratopsis ambonis Drugg 1978 emend. Riding 1984 
Nannoceratopsis gracilis Alberli 1961 emend. Evitt 1962 

emend. Prauss 1989 
Nannoceratopsis ridingii Poulsen 1992 
Nannoceratopsis senex van Helden 1977 
Nannoceratopsis spicttlata Stover 1966 
Nannoceratopsis triceras Drugg 1978 
Pliallocssta eumekes Dorhofer and Davies 1980 emend. 

Riding 1984 
Parvocysta htillula Bjaerke 1980 
Parvocysta nasttta Bjaerke 1980 
Rcutliugia cardoharbata Below 1987 
Scrinocassis priscus Gocht 1979 emend. Prauss 1989 
Susadinium scrofoides Dorhofer and Davies 1980 emend. Be

low 1987 
Umhriadiriium mediteraneense Bucefalo Palliani and Riding 1997b 
Valvaeodinium koessenium Morbey 1975 emend. Below 1987 
Valvaeodinium lineatum Wille and Gocht 1979 emend. Below 

1987 
Valvaeodinium perpunclaitim Wille and Gocht 1979 emend. 

Below 1987 
Valvaeodinium punaatum Wille and Gocht 1979 emend. Be

low 1987 
Valvaeodinium scalatum Wille and Gocht 1979 emend. Below 

1987 
Valvaeodinium stipulation Wille and Gocht 1979 emend. Be

low 1987 
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