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ABSTRAeT
The early Toarcian extinction event, once regarded as spanning in the late Pliensbachian-early Toarcian
boundary period, actually occurred in two distinct phases in the early Toarcian of the Iberian Range. The
first episode occurred in the Mirabile Subzone, Tenuicostatum Zone and is characterised by the disappearance of abaut 12% of ostracod species and one suborder, the Metacopina (Superfamily Healdioidea). Ihis
study shows that this suborder disappears during stratigraphical intervals that are considered to be represenKeywords:
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tative of low oxygen conditions in the Iberian Range. The collapse of marine ecosystems (affecting up to 40%
of ostracod species) in the Elegantulum Subzone, Serpentinum Zone was most likely triggered by a sudden
and widespread lethal increase in seawater temperature. These combined processes of oxygenation and temperature change are considered to be responsible for the profound changes in marine environments that
resulted in the early Toarcian ostracod extinction in the Iberian Range.

1. Introduction

Out of the proposed five major Phanerozoic extinction peaks, the
Pliensbachian-Toarcian boundary extinction episode has prompted
many questions about its magnitude and speed, and selectivity of
the extinction triggering mechanisms (Little, 1996; Hallam and
Wignall, 1997 ). Ostracods dwell in every aquatic environment and,
in spite of their notable adaptive capability, many marine species
were affected by the early Toarcian (early Jurassic) biological crisis in
the Iberian Range (Arias, 2008a). Arias and Whatley (2009) recognised
an important increase in the ostracod species diversity from the
Hettangian to the Pliensbachian, reaching maximum diversity values in
the Spinatum Zone (around 60%). Trus peakwas followed by a sharp diversity decrease through the Tenuicostatum and Serpentinum zones,
and then a gradual inaease through the remainder of the Toarcian
(Arias and Whatley, 2004; Arias, 2008a).

Thus, an important ostracod crisis seems to have occurred at the
close of the beginning of the Toarcian. Trying to understand all
these changes, this paper analyses the ostracod extinction pattem in
three sections in the Iberian Range (Spain), where it is possible to
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analyse multiple replacements, disappearances and appearances in
the continuous ostracod record across the Pliensbachian-Toarcian
boundary. The three sections provide one of the most complete ostracod record not only in the Iberian Range, but also in westem Europe
and can be helpful for lll1derstanding ostracod faunal change at the beginning ofthe Toarcian.
With a relatively low extinction rate, Ostracoda is one of the best
fossil groups for studying those factors influencing this kind of important biological crisis. With many potential causes, the early Toarcian
ostracod extinction has caused much debate in the scientific community for over twenty years (Lord, 1982; Arias, 2000; Boomer et al.,
2008 ). Extrinsic causes have long been favoured (e.g. sea-level
changes, warming episodes, fluctuating low oxygen levels andjor nutrient dynamics) which led to decimation ofmarine ostracods (Arias,
2000; Arias and Whatley, 2004, 2005 ). However, none of these hypotheses have been totally convincing, in part because they could
not account for sorne critical aspects of the ostracod record, such as
the selective nature and variable rates of extinctions, the stepwise extinctions, and the timing between a specific environmental condition
and the early Toarcian extinction episode. This problem is particularly
relevant in the case of extinction processes affecting the ostracods of
the Iberian Range. A comprehensive review of the voluminous literature on early Toarcian mass extinctions is beyond the scope of this
study (Lord, 1982; Arias, 2007, 2008a; Boomer et al., 2008; Arias,
2009 ). This research focuses on sorne of the most potential critical
mechanisms of extinction: low oxygen levels in the water and changes
in water temperature.

2. Material and methods
The ostracods described in this study were recovered from three
sections located in the lberian Range, north-eastern Spain (Fig. l A, B).
These areas were previously studied by Arias (1997) and a new sample
collection work has been made in the same sections as part of a new
high resolution stratigraphic study carried out by the Jurassic Research
Group (UCM Universidad Complutense de Madrid). The Upper
Pliensbacruan-Lower Toarcian sediments studied (Eg. 2) belong to the
Ablanquejo Group, which comprises three forrnations: the Margas grises
del Cerro del Pez Forrnation, the Calizas Bioclasticas de Barahona Forrnation and the Alternancia de Margas y Calizas de Turmiel Formation
(Gómez and Goy, 2000 ). The Pliensbachian-Toarcian bOlllldary has
been recorded across the last two formations. The Calizas Bioclásticas
de Barahona Forrnation consists of richly fossiliferous and bioturbated
brown to yellowish bioclastic limestone, with ferruginous deposits in
the upper parto The Alternancia de Margas y Calizas de Turrniel Formation is a sequence of limestone alternating with marl, containing a very
rich and diverse fossil fauna of ammonites, brachiopods and bivalves
(Eg. 2) (Gómez and Goy, 2005). Three sections have been sampled in detail: two located in the Aragonese Branch (Ariño and Moneva sections)
and one section in the Castilian Branch (Perales de Alfambra section)
(Rg. l A). The Ariño section (AR, Rg. l B) is exposed along two ravines
near the village of Aliño, Ternel (Mapa Geológico de España, no. 467
"Muniesa", scale 1:50.000; Lat: 4 c 2 ' 52" N; Long: Oc 37 ' 36" W). The
Moneva section (MO, Hg. 1B) is located at the Barranco de la Vega,
6 km south of the town of Moneva, Zaragoza (Mapa Geológico de
España, no. 467 "Muniesa"; Lat: 4r S' 50" N; Long: Oc 48 ' 15" W). The
Perales de Alfambra section (PA, Eg. 1B) is situated close to the village
of Perales de Alfambra at the Sierra Palomera Mountain, Temel (Mapa
Geológico de España, no. 542 "Alfambra"; Long: 40 c 38 1 25 11 N; Lat: Oc
55 ' 45 11 W).
Forty one samples were collected from the mudstone and marl of
the Calizas Bioclasticas de Barahona Formation (Upper PliensbachianLower Toarcian) and from the marl of the Alternancia de Margas y

Calizas de Turmiel Formation (Lower Toarcian). The sample processing
consists of drying, weighting out 100 g samples and dispersing them in
a solution of hydrogen peroxide, sodium hydroxide and water. The
disaggregated samples are washed through sieves with five meshes of
the following diameters >60, 125,250, 500 and 1000 ¡.un. All ostracods
from > 125 ¡.un fractions are picked and mounted onto cardboard microscope slides. The fraction >60 ¡.un is always inspected, revealing little influence on diversity and composition. A total of 851 O specimens have
been described and assigned to a total of 46 species in the three studied
sections (Table 1).
3. Results
The Pliensbachian-Toarcian ostracod record in many European
areas is rather poorly represented (Arias, 1997,2000 ). The Iberian
Peninsula probably displays one of the most comprehensible records
ofthis fossil group through this interval.ln the Iberian Range sections,
the first pronounced ostracod faunal tumover is recorded in the
Mirabile Subzone, Tenuicostatum Zone, when metacopines became
extinct (Figs. 3-6). This first crisis is manifested by the replacement
of the distinctive late Pliensbachian ostracod assemblages dominated by
three species of healdioids (metacopines): Ogmoconchella adenticulata
(Pietrzenuk, 1961) (Figc 7.3), Ogmoconchella aequalis (Herrig, 1969)
(Fig, 7.5) and Ogmoconchella alf. Ogmoconchella aspinata (Drexler, 1958 )
(Fig. 7.4) and several large cytheroids, such as Gramannella apostolesrui
(Gramann, 1962 ) (Fig. 8.2), Ektyphocythere afr. Ektyphocythere vitiosa
(Apostolescu, 1959) (Fig. 8.6) and Kinkelinella tenuicostata Martin
(1960) (Fig. 8.7); one dominated only by cytheroids, such as
Ektyphocythere dharennsourensis Boutakiout et al. (1982) (Fig. S.5),
Kinkelinella sermoisensis (Apostolesru, 1959 ) (Fig. 8.8-9), and
Kinkelinella sp. B (E g. 8.10); and two late Pliensbachian species,
Liasina lanceolata (Apostolescu, 1959 ) and Cytherella toarcensis
Bizon (1960) range through (Eg. 7.6). In the three sections, the
lower part ofthe Barahona Formation is dominated (Figs. 3-5) by two
healdioid species O. adentirulata (Pietrzenuk. 1961 ) and Ogmoconchella

B

Fig. 1. (A) Palaeogeographic map of NW Europe during the Toarcian (modified after Ziegler. 1990, 1992 : Bassoullet et al., 1992 : Scotese-Paleomap Project, 2001, 2003 : Blakely,
2010) and hypothetical circulation of the Toarcian oceans in Northern Hemisphere summer (modified from Arias. 2006a), (B) Outcrop map of Jurassic rocks (black) in the NW
Iberian Range, with location of the sections studied: Ariño (AR), Moneva (MO) and Perales de Alfambra (PA).
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Fig. 2. Correlation chart of the Pliensbachian-Toarcian facies cyc1es recognised in the Iberian Range (Gómez and Goy, 2005: Arias. 2(07 ).

aff. o. aspinata (Drexler, 1958 ). In the upper levels of the Upper
Pliensbachian Turrniel Forrnation exhibits the first evidence of a biotic
change, marked by a sharp decline in smooth healdioids (O. adenticulata
(Pietrzenuk, 1961), Ogmoconchella alf. o. aspinata (Drexler, 1958)) and
their replacement by large cytheroids (Ektyphocythere aff. E. vitiosa
(A¡x>stolescu, 1959) and G. apostolescui (Gramann, 1962 )) accompanied by one cypridoid, L lanceolata (Apostolescu, 1959) (Figs. 3- 5 ).
At the Pliensbachian-Toarcian boundary, within the Turrniel Formation,
ostracod assemblages are initially dominated by Ektyphocythere aff.
E. vitiosa (Apostolescll, 1959) assodated with L lanceolata (Apostolescu,
1959) and Ogmoconchella aff. O. aspinata (Drexler, 1958). Metacopines
dominate the Upper Pliensbachian Barahona Formation (basal part of
the Spinatum Zone) in the three sections and cytheroids together with
healdioids are the leading components of the Upper Pliensbachian
Turmiel Formation ostracod assemblages (Figs. 3-5; Eg. 9A, B).
Above the Pliensbachian-Toarcian boundary, Ektyphocythere aff.
E. vitiosa (Apostolescu. 1959) assodated with L lanceolata (Apostolescu.
1959) and the healdioid O. adenticulata (Pietrzenuk, 1961 ) continue to
dominate the assodations, typifying Mirabile Subzone ostracod assemblages (Figs. 3- 5). The most abrupt and dramatic tumover in the ostracod
assemblage occurs through the Mirabile Subzone (Rg. 6) with the rapid
disappearance of all healdioid spedes. Tbis extinction pattem contrasts
with the results from other sections studied in the Iberian Range, such
as Riela or La Almlll1ia de Doña Codina section (Arias and Whatley,
20(4) where the disappearance of the metacopines did not match
either the loss of Ektyphocythere aff. E. vitiosa (Apostolescu, 1959) and
G. apostolescui (Gramann, 1962) or the appreciable decrease in abundance of L lanceolata (Apostolescu, 1959). Above this first crisis, after
the Semicelatum Zone, assemblages become dominated by three
cytheroids: K sermoisensis A{X>stolescu (1959), K tenuicostata Martin
(1960) and Kinkelinella sp. B and one cytherellid, C. toarcensis Bizon
(1960); meanwhile L lanceolata (Apostolescu, 1959) that had survived
the Mirabile crisis became one of the dominant spedes in the Toarcian
Semicelatum Subzone (Figs. 3-5). Two extinction episodes are described
in the three sections (Egs. 3- 5 ). The first biotic crisis is manifested by the
gradual disappearance of metacopines in the Mirabile Subzone (this
phase represents the loss of 69% of the late Pliensbachian ostracod

spedes). The second crisis occurs in the Elegantulum Subzone of the
Serpentinum Zone (Hg. 6 ), where the Tenuicostatum ostracod assemblages are replaced by a new association dominated by cytheroids
(Ektyphocythere anterocosta (Boomer, 1988) (Fig. 8.4), Ektyphocythere
bucki (Bizon, 1960) (Fig. 8.3), K sermoisensis (Apostolescu, 1959)
(Fig. 8.8-9), Praeschuleridea pseudokinkelinella Bate and Coleman
(1975) (E g. 8.11) and Bairdiacypris dorisae Knitter (1983), a bairdioid
which became dominant in the Iberian ostracod assemblages in the
Falciferum Subzone, Serpentinum Zone). In the three sections, polycopids survived the Elegantulum crisis (Hgs. 3--6).
The variety of apparent extinction and survival pattems suggests
something of the complexity of the ostracod extinction event in the
Iberian Range. The most representative members of cytheroids and
polycopids survived both events without suffering many losses;
meanwhile the largest extinction event affected the metacopines. Df
the two crises, the second mal<es the real impact of this extinction episode. Twenty species and almost more than 80% ofthe spedmens disappear in the Elegantulum Subzone, mainly affecting significant spedes
of cytheroids, bairdioids, cypridoids and cytherellids (e.g. L lanceo lata
(Apostolescu, 1959 ) (Fig. 7.8) and C. toarcensis Bizon (1960 )).
Meanwhile one large cytheroid, E. dharennsourensis Boutakiout
et al. (1982) , became prevailing in the entire Elegantulum Subzone
until its disappearance at the beginning of the Faldferum Subzone,
Serpentinum Zone. The most significant emergence in this crisis is the
appearance of B. dorisae Knitter ( 1983). Dne well-known Toarcian
species became dominant in the Faldferum Zone: K sermoisensis
(Apostolescu, 1959) (Figs. 3-5, 6, 8.8, 8.9). This species together with
several species of the genus Ektyphocythere (E. bucki Bizon, 1960 and
E. anterocosta Boomer, 1988 ) became prevalent in the Elegantulum
Subzone and the following zone (Eg. 6 ).
Thus, the ostracod extinction pattem in the Iberian Range follows
two phases (Figs. 3-6): a first phase characterised by the disappearance of the metacopines in the Mirabile Subzone, Tenuicostatum
Zone and their replacement by large cytheroids, with the cytherellids,
bairdioids and cypridoids suffering significant spedes losses (Fig. 9A-B);
and a second phase affecting all ostracod groups, especially cytherellids,
cypridoids and bairdioids (Figs. 3- 6, 9A-B).

Jable 1
List of ostracod species described in the ¡berian Range.
Iist ofTaxa

1. Aphelocythere kuhni (Triebel and Klingler. 1959)
2. Bairdia molesta (Apostolescu. 1959 )
3. Bairdiacypris dorisae (Knitter. 1983 )
4. Bairdiacypris aff. Bairdiacypris tumida (Ainsworth. 1987)
5. Cytherella praecadomensis (Knitter and Riegra( 1984)
6. Cytherella toarcensis (Bizon. 1960)
7. Cytherelloidea anningi (Lord, 1974 )
8. Cytheropteron byfieldensis (Boorner and Bodergat. 1992)
9. Ektyphocythere anterocosta (Boomer, 1988 )
10. Ektyphocythere bucki (Bizon, 1960)
11 . Ektyphocythere dharennsourensis (Boutaldout et al., 1982 )
12. Ektyphocythere neumannae (Maupin, 1977 )
13. Ektyphocythere aff. Ektyphocythere vitiosa (Apostolescu, 1959 )
14. Eucythernra liassica (Bate aOO Coleman, 1975 )
15. Gramannella apostolescui (Grama nn, 1962 )
16. Infracytheropteron gwashense (Bate and Colernan, 1975 )
17. Isobythocypris aff. Isobythocypris elongata (Blab>, 1876 )
18. Isobythocypris ovalis (Bate and Coleman, 1975 )
19. Kinkelinella persica (Bate and Coleman, 1975)
20. Kinkelinella sennoisensis (Apostolescu, 1959 )
21. Kinkelinella tenuicostata (Martin, 1960 )
22. Kinkelinella sp. B
23. Liasina lanceolata (Apostolesw, 1959 )
24. Liasina aff. Liasina vestibulifera (Gramann, 1962 )
25. Liasina vestibulifera (Gramann. 1962 )
26. Monoceratina amlingstadtensis (Triebel and Bartenstein, 1938 )
27. Monoceratina michelseni (Riegra( 1984)
28. Monoceratina striata (Triebel and Bartenstein, 1938 )
29. Monoceratina ungulina (Triebel and Bartenstein, 1938 )
30. Monoceratina sp.
31. Ogmoconchella adenticulata (Pietrzenuk. 1961 )
32. Ogmoconchella aequalis (Herrig. 1969 )
33. Ogmoconchella aff. Ogmoconchella aspinata (Drexler, 1958)
34. Paracypris aff. Paracypris redcarensi5 (Blake, 187 6)
35. Paracypris sp.
36. Paranotacythere terquemiana Uones, 1872 )
37. Po/ycope discus (Fischer. 1961)
38. Po/ycope pelta (Fischer, 196 1)
39. Po/ycope plumhoffi (Bate and ( olernan, 1975 )
40. Polycope tenuireticulata (Herrig. 1981)
41. Pleurifera harpa harpa (Klingler ól.nd Neuweiler, 19 59)
42. Praeschuleridea pseudokinkelinella (Bate ól.nd COleman, 197 5)
43. Pseudomacrocypris subaequalis (Michelsen, 1975)
44. Pseudomacrocypris subtriangularis (Mkhelsen, 1975 )
45. Trachycythere tubulosa tubulosa (Trit'bel and Klingler, 1959 )
46. Trachycythere verrucosa (Triebel and Klingler, 1959 )

4. Discussion

Despite the years since the first studies on the early Toarcian ostracod extinction, no causal hypothesis has been widely accepted, although most authors consider sorne mechanisms more realistic than
others (Arias, 1997, 2000; Arias and Whatley, 2004, 2005; Boomer
et aL, 2008; Arias and Whatley, 2009; Cómez and Arias, 2010 ).
Since it is extremely unlikely that a single event caused the extinction, as was advocated in the past, several explanations are generally
considered, e.g. sea level variations, climate change, low oxygen levels,
and competition. The two biotic cnses are recorded in the Turmiel
Formation (Figs. 3-5 ) which represent sedimentation in a low-energy
open extemal platforrn, where ammonites, belemnites, brachiopods
and foraminifera are very abundant lll1der transgressive conditions
(Gómez and Goy, 2005 ).
One of the first cited extinction mechanisms in the Ibenan Range
was the development of low oxygen conditions (Whatley et al.,
1994; Arias, 1997). Although the three sections considered in the
present work didn't yield black shale, the ostracod extinction has initially related to a major anoxic episode as charactensed by the large
areas of Westem Europe (Jenkyns, 1988; little and Benton, 1995 ).
Among other potential causes, such as large flood basalt volcanism
(McElwain et al., 2005; Svensen et al., 2007), thermal dissociation of

gas hydrates (Beerling et aL, 2002; Kemp et aL, 2005, 2006; Beerling
and Brentnall, 2007) or large palaeoceanographic changes were
later considered (Arias, 2006a, 2007, 2009 ). However, the ultimate
causes of events tnggenng the early Toarcian extinction in the Ibenan
Range remained ambiguous in many instances. This paper analyses
the combination oftwo major causes of physiological stress on the ostracods: high seawater temperatures and low-oxygen levels.

4.1. Effects oflow dissolved oxygen content in water on ostracod populations in the Iberian Range
Anoxic conditions were the first tnggenng mechanism studied in
the Ibenan Range (Arias, 1997). Because the Lower Toarcian manne
sedimentary record across Westem European is charactensed by several episodes of enhanced organic carbon burial known as "oceanic
anoxic events" (OAEs) (Kemp et al., 2005; Maillot et al., 2006; Suan
et a1., 2(08 ), this mechanism was initially considered. The anoxia scenano has been postulated for several other Phanerozoic environmental cnses and it was a good hypothesis to test first.
Intensification and expansion of deeper oxygen minimum conditions onto the shelf have been repeatedly suggested as a cause for
the reduction in diversity and abundance of ostracod populations
(Peypouquet. 1977, 1980; Whatley, 1991; Boomer and Whatley,
1992; Whatley et al., 1994; Whatley, 1995; Boomer et al, 2008 ).
The entire global marine ecosystem however, cannot become anoxic
since the surface waters are equilibrated with the atmosphere. Dissolved
oxygen is controlled by a series of processes, Le. oxygen is produced in
the oceanic surface layer by biological production, while that it is removed in subsurface waters by the respiration of sinking organic matter.
Air-sea gas-exchange promptly equilibrates near-surface waters and the
atmosphere, while subsurface oxygen declining is balanced by the transport of surface waters which are richer in oxygen into the deep part of
the oceans. The result is that subsurface oxygen concentrations, and
the overall partitioning of oxygen between atmosphere and ocean, are
reactive to the rate of surface-to-deep ocean circulation and mixing,
biological production, as well as temperature and salinity. The potential
extension of oxygen minimum zones in the Iberian epicontinental seas
would explain why certain groups of ostracods were distressed (e.g. the
metacopines), whereas the rest of the ostracod groups suffered only
smalllosses during the crisis.
A first approximation could be to compare whether a match
existed between the episode of extinction of the metacopines and
the onset of low oxygen levels in the Ibenan Range. Generally, the
presence of one or more positive [Pe excursions followed by one or
more significant negative [Pe excursions Uenkyns. 1988; R6hl et
al., 2001; van de Schootbrugge et al., 2005 ) in many Tethyan and
Boreal sections, usually, serves to charactense the timing of the
Toarcian Oceanic Anoxic Event (TOAE), a major oceanic anoxic
event which charactensed the European epicontinental seas during
the early Jurassic Uenkyns et al., 2002; Suan et al., 2008 ). Moreover,
the time-equivalence of the early Toarcian anoxia episode and the
high total organic carbon (TOe) concentration is divisive in northwest
European and Mediterranean sections (Wignall et al., 2005; Maillot et
al., 2006; Gómez et al., 2008; Gómez and Arias, 2010). In the Ibenan
Range, [PebeI values show a noteworthy excursion towards more
negative values in the Semicelatum Subzone, Tenuicostatum Zone
(Eg. 10). The rest of the Tenuicostatum Zone and the succeeding
Serpentinum Zone are charactensed by positive excursion values of
[PebeI • Meanwhile [Pebu1k shows a minimum in the ElegantulumFalciferum subzones (Gómez and Arias, 2010 ) (E g. 10). The carbon
isotope record of organic carbon of the Ibenan Range area confirms
a distinct negative excursion in the lower part of the Elegantulum
Subzone. This excursion is well correlated with that around the
Tenuicostatum-Falciferum zone bOlll1dary in Northwest Europe (Gómez
et al., 2008; Gómez and Arias, 2010).
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Fig. 3. Ranges of ostracod species across the Pliensbachian-Toarcian boundary depicted at the stage leve! at the Ariño section. Vertical bars show extinction horizons.

Although no black-shale deposits have been described in the studied area, Toe values > 1 wt.% and laminated deposits have been
recorded in the Mirabile Subzone, Tenuicostatum Zone (Gómez and
Goy, 2011 ), coinciding with the last records of the metacopines in
many sections of the Iberian Range (Gómez and Arias, 2010; Gómez
a.nd Goy, 2011 ). Therefore, the disappearance of the metacopines
(healdioids) in the Iberian Range seems to be coincident with low
dissolved oxygen conditions in bottom water. The disappearance of
healdioids is followed by their replacement first by cypridoids and
then, by cytherellids.
The identification oflarge numbers of cytherellids (Platycopina) has
been associated with the presence oflow oxygen levels (Whatley, 1991;
Boomer and Whatley, 1992; Whatley et al., 1994; Arias and Whatley,
2004; Boomer et al., 2008 ). The relationship between low oxygen concentration in the water and the numerical abundance of filter feeding
ostracods (cytherellids) is based on the theory that the filter feeding
strategy would allow higher ecological success during anoxic events,
because during low oxygen conditions, water could circulate more easily inside the carapace (Whatley, 1991; Whatley et al, 1994; Boomer et
al., 2008). The results of this study (Eg. 9A-B) did show actually an increase in the relative abundance of the genus Cytherella after the first
crisis episode (Eg. 9A-B).
However, recent studies have shown further explanation about
the presence of a large number of cytherellids in fossil ostracod assemblages. Dingle et aL (1 989), Brandao (2008 ), Brandao .nd Horne
(2009) and Horne et al. (2011 ) suggested that was the existence of
a different water-mass structure with low salinity and deep water
masses which could explain the higher numbers of platycopines
(cytherellids). This last proposal would indicate that the cytherellids
could have inhabited deep-interrnediate waters. If the cytherellids

lived in deep-intermediate waters and if they could withstand physiologically low oxygen levels, it is possible to consider that the peak of
cytherellids, after the disappearance of the metacopines, could have
taken place because both groups (metacopines and cytherellids) also
inhabited deep waters. If they inhabited deep waters, depth or sorne
phenomenon related to the increase of depth would have acted. Temperature and oxygen content would again be cited. The metacopines
might not have been able to cope with such low oxygen levels while
the cytherellids could.
Thus, another important aspect would be the change ofwater temperature in the European epicontinental seas (EES) at the beginning of
the earlyToarcian. Dne new approach related to the previous paragraph
is the oxygen limited thermal tolerance of the metacopines. For many
marine organisms, metabolic oxygen demand augments with increasing temperature, and inflicts thermallimits on survival when it exceeds
the rate at which oxygen can be supplied from the medium (P6rtner,
2010). Based on trus thought, the metacopine would have been most
affected because its oxygen-limited thermal tolerance does not allow
them to meet their needs for oxygen.
Dissolved oxygen status also influences the uptake or release of
nutrients from sediment. When oxygen is depleted more nutrients
(e.g. nitrogen and phosphorous) are released from the sediment and
can be absorbed, transported and utilised physiologically by organisms. These nutrients therefore continue to deliver organic matter to
the ocean sediments. With organic matter removed from invertebrate
consumption to microbial decomposition, opportunistic species would
be favoured (Nelson et al., 1994; Diaz and Solow, 1999). Related to
this phenomenon, Horne et al. (2011 ) proposed a new alternative interpretation forthe dominance ofplatycopids (cytherellids) in ostracod assemblages from the Cenomanian to Turonian boundary sediments fmm
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Fig. 4. Ranges of ostracod species across the Pliensbachian-Toarcian boundary depicted at the stage level at the Moneva section. Vertical bars show extinction horizons.

southem England. They related the domination of platycopids with signmcant oligotrophic conditions, because living platycopids appear to be
adapted to filter-feed on nano- and picoplankton which are predominant in oligotrophic conditions. Thus, ocean stratification, during an
oceanic anoxic episode (e.g. T-OAE) would have promoted oligotrophic
conditions in surface warming waters (during the early Toarcian) and
maximum diversity of larger cytherellids. Thus the low amount of
oxygen and/or nutrients in the medium would have favoured to the
cytherellid populations against the metacopine populations.
However metacopines were able to escape from stressful environmental situations such as periods of anoxia during the Jurassic. What
factors might prevent one from seeking more appropriate areas for
their survival? The metacopines might have been unable to migrate
to other areas due to palaeogeographic restrictions, changes in the
distribution ofwater bodies, competition with other ostracod groups,
or perhaps the geographical extent of oxygen minimum conditions in
the deep sea was so great during the Toarcian that they were not able
to escape the more oxygenated areas. In this paper two motives are
proposed: the deep water structure in the epi continental seas of
Europe and the sudden massive increase in temperatures in the northem areas ofthe EES that prevented them to find areas with warrn temperatures where to live.
Anoxia is found in areas that have restricted water exchange by a
physical barrier or by a pronounced density stratification (Struck et
a1., 2001; Casford et al., 2003 ). Palaeoceanographic reconstruction
for the late Pliensbachian and early Toarcian in the Iberian epicontinental sea, a semi-enclosed embayment isolated from the Tethys
Ocean by a narrow, shallow sill, has shown that it is characterised
by a marginal sea-like oceanographic regime (Ziegler, 1990, 1992;
Arias, 2007, 2008b ). This marginal sea would be characterised by a

well-stratified two layer structure (Fig. 11a,b) in the water column
made up of a surface layer and a bottom layer that are separated by a
strong pycnocline (Arias, 2007, 2008b). During the late Pliensbachian,
epicontinental seas in the Iberian area operated as a shallow estuary
(Eg. 11 c), that could have favoured a significant stratification and the
forrnation of low oxygen levels in bottom waters below the mixed
layer under several palaeoceanographic conditions, for example the
sapropel formation under anti-estuarine circulation conditions in the
Mediterranean Sea (Struck et al., 2001; Casford et al, 2003 ). At the beginning of the Toarcian the climatic conditions changed (Chandler et
al., 1992) and new warrning conditions dominated the Iberian Range
seas (Arias, 2oo6a, 2007, 2008b; Cómez and Arias, 2010), generating:
(i) a weaker anti-estuarine circulation driven by intense buoyancy
loss at the surface (by the strong evaporation), (ii) an important deep
water forrnation, (iii) an inflow of relatively freshwater surface water
with low nutrient content (Eg. 11), (iv) the reduced deep ventilation,
and (v) low oxygen conditions (Struck et al., 2001; Casford et al.,
2003). Thus, this model would explain a retum to more oxygen-rich
conditions in the Iberian Range during the early Toarcian.
This model shows a well-oxygenated surface layer, whereas at the
pycnocline, the dissolved oxygen declines sharply reaching dysoxic or
even anoxic condition in the deep. The upper metres of the epicontinental sea would be generally well oxygenated due to the gas diffusion from the atmosphere, agitation of the seawater by wind action
and transport of oxygenated waters by shallow water. These areas
would therefore allow the survival of many benthic taxa living in
shallow shelf waters that were oxygenated. The stratified waters
would support ostracods in the oxygenated surface layer but the
deeper layers became a lethal mixture where tife was impossible. Following the palaeoceanographic model, only shallow or intermediate
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water ostracods would be able to survive; meanwhile deeper water
ostracods suffered the low-oxygen conditions. Since the metacopines
were the only ones who did not survive, they might have inhabited
these deeper habitats, at least during the weak oxygen crisis in the
Iberian Range, while cytheroids, bairdioids, cypridoids and polycopids
could inhabit shallower oxygen-rich waters. Cytherellids could have
shared with metacopines deep sea areas, but they were by their physiology more resistant to low oxygen conditions.
As bathymetric restrictions of these spedes are unknown, the proposal cannot be proved and will only be trying to find new methods of
the study. In an attempt to relate palaeobiogeographical distribution pattems of274 Early Jurassic ostracod spedes from the Boreal and Tethyan
provinces of the European-Westem Tethys region to three major marine
fades assodations in the European area, Arias (2()()(jb) recognised the
c
following assemblages: (1) A Tethyan fauna located between 3S N
c
and 3S S oflatitude (normal salinity and warm water conditions). It is
characterised by the presence of smooth-shelled bairdioids, omamented
healdioids and sorne small cytheroids; (2) A Boreal-European fauna,
mainly located aboye 3S c N (high salinity and warm water conditions)
characterised by the presence of very few metacopines (though common
and diverse in this region, many of them are large) and thick-shelled
cytheroids and cytherellids; (3) an Arctic-Boreal fauna dominating the
northem part of the EES, inhabiting deeper environments (e.g. marine shales and/or clastic sediments from Westem Irish basins). It
is characterised by low diversity assemblages dominated by mainly
smooth healdioids, sorne small cytheroids and sorne bairdioids. The

presence of the large smooth healdioids in all deep-water assemblages
would indicate that many species of healdioids could have been lived in
deep shelf environments.
Another factor that must be considered is the physiology of the
metacopines. The early Toardan extinction could have been a physiological crisis in that the selection was largely controlled by the respiratory capability of the involved groups. If the connection between
the major ostracod groups is analysed, the disappearance of the
metacopines would significantly change the relationships between
all groups (Figs. 6; 9A-B). Late Pliensbachian assemblages in the
Iberian Range are dominated by healdioids and cytheroids. After the
disappearance of the healdioids, cytheroids and after that, bairdioids
first and then cytherellids dominate ostracod assemblages in the
Tenuicostatum Zone (Fig. 9A-B). The Serpentinum and earliest
Bifrons zones are dominated again by cytheroids. Arias (2008a),
Boomer et al. (2008 ) and Arias and Whatley (2009 ) considered the
possible existence of sorne competition between the ostracod groups,
so that the extinction ofthe metacopines after a major environmental
change (low oxygen conditions) would have resulted in the occupation
of niches that had been vacated by other groups. First these new habitats
would be occupied by opportunistic organisms (bairdioids, cypridoids,
and cytherellids) which could withstand oxygen-poor conditions, and
then they would be replaced by generalist spedes (cytheroids). The
replacement between groups could represent the colonisation of the
area after environmental perturbation and the disappearance of the
metacopines.

STAGES

ZQNES SUBZONES

••

E
A
R
L
Y

~

T
O
A
R

iD
~

I
A

'"1i

e

N

•~
•
8

'í
~

.J
U
R
A

S
S
I

e

p

,E
L

N

s

•
,A
A

E

•
•e

~

e

';;'

N

'"

H

$ubtevl$onl

Fa tcl ferum
€Ien\lllnlulum

emicel atum

Mirabile

•e
••'"
•
'"3'"
:z:•
Fig. 6. Stratigraphic section and ostracod species range chart for the early Toarcian of the Iberian Range.

4.2. The effect oIseawater temperature change on the extinction oIostracods

Another mechanism of extinction that has been argued to be most
compatible with the observed ecological pattem of selectivity described among ostracod assemblages in the Iberian Range during
the Toarcian crisis is related to changing climatic conditions (Arias,
2007; Gómez and Arias, 2010 ). Early Jurassic climate models reveal
an Earth warmer than at present with a latitudinal temperature gradient dominated by high-latitude warming and slight tropical change
(Arias, 2000; Arias and Whatley, 2005; Arias, 2007 ). Westem Pangaea
(the area closest to the Iberian Range) would be arid excluding the
Tethys coast (Chanctler et aL, 1992), Arias anct Whatley (2004) proposed that the earlyToarcian ostracod tumover could be a consequence
of a gradual climate change during the Pliensbachian-Toarcian boundary from cold to warrn seas. Early Toarcian climate models (Chandler
et al., 1992) seem to indicate that tropical sea surface temperatures
were higher than today (from 25 cC in the East Panthalassa Ocean to
32 cC in the West Tethys Ocean). High-latitude sea surface temperatures were much lower (seasonal range from 3.5 cC to 9.5 ce) and the
equator-to-pole temperature gradient was much lower than today
(Chandler et al, 1992 ). In this scenario increased water temperatures
in the central and northem Europe could have had tragic results for
the ostracod fallllas inhabiting these areas.
In support of this warm temperature scenario, the results of the
analysis of oxygen isotopes (EPa belemnites) reveal a long term
shift towards more negative values from the Upper Pliensbachian to
the Elegantulum Subzone, Serpentinum Zone, Lower Toarcian
(Fig. 12 ). The isotopic record in the Iberian Range fluctuates between
about - 0.29 (%o PDB) at the Apyrenum-Hawskerense subzone
transition and about - 2 (%0 PDB) at the Tenuicostatum-Serpentinum
zone transition. Calculated temperatures using the equation of
Anderson and Arthur ( 1983 ) reveal a long-term gradual temperature
change of 4c-7 cc, with values oscillating between about 9.2 cc atthe beginning of the Hawskerense subzone and 17 cc at the TenuicostatumSerpentinum zone bOlllldary (Comas-Rengifo et al., 2010; Gómez and
Arias, 2010). Thus, seawater temperature (in the water column where

belemnites lived) varies from a colder scenario at the PliensbachianToarcian boundary to substantially increased thermal conditions in the
Elegantulum Subzone at the beginning of the Serpentinum Zone
(Rosales et al., 2004; Gómez and Arias, 2010).
Another type of information which would support the existence of
this new warming period is the study of stable isotopes of carbon
(Eg. 10) in the Iberian Range (Gómez and Arias, 2010 ). The resultant
belemnite (EPC beI ) curve provides a main positive excursion from the
lower Tenuicostatum Zone to the Falciferum Subzone, Serpentinum
Zone where the trend changes, which beco mes negative until the
upper Bifrons Zone in the La Almunia de Doña Codina section. In
the Sierra Palomera section, EPC beI records a well detined positive
excursion within the Mirabile Subzone, Tenuicostatum Zone, changing this trend towards increasing to Bifrons Zone. The EPC bu1k values
also describe a signiticant positive excursion, which is more evident
in the carbonates of the Sierra Palomera section. Within the positive
excursion, a negative EPCbulk shift has been recorded in both sections,
but at Sierra Palomera this developed from the beginning of the
Serpentinum Zone to the lower half of the Elegantulum Subzone,
while at La Almunia de Doña Codina the onset of the negative shift
occurs slightly later and extends along the Elegantulum Zone.
Several hypotheses have been proposed to explain this perturbation, but the input oflarge quantities ofisotopically light eZe) methane from the thermal dissociation of gas hydrates buried in marine
sediments is one hypothesis (Hesselbo et al., 2000; Kemp et al.,
2005, 2006; Cohen anct Coe, 2007 ; Suan et al., 2008; Dickens, 2011 ),
An altemative explanation or extra-source of light carbon should
have biomass buming (Kurtz et al., 2003; Finkelstein et a1., 2006).
The Lower Toarcian black shales, type 11 kerogen which is a mixture
of the alginite and bituminite macerals (littke et al., 1988 ) of Central
and Northem Europe could have suffered tires or spontaneous combustion and the additional emission of carbon dioxide would have
contributed to the action of other proposed mechanisms. Clearly
this discussion is beyond the scope of this paper, but it is interesting
because most ofthese hypotheses point to an episode ofvery sharp increase in sea temperatures. In the Iberian Range sections, the EPC bu1k

Fig. 7. 1: Polycope pelta (Fischer, 1961). SpecimenAR.89. Left valve, adult. Bifrons Zone, Sublevisoni Subzone, Ariño. 2: Polycope discus (Fischer. 1961 ). Specimen MO.2255. Carapace,
adult. Bifrons Zone, Sublevisoni Subzone, Moneva. 3: Ogmoconchella adenuculata (Pietrzenuk. 196 1). Specimen AR.67. Left valve, adult. Spinatum Zone, Haw skerense Subzone,
Ariño. 4: Ogmoconchella aff. Ogmoconchella aspinata (Drexler, 1958 ). Specimen AR.3 1. Left valve, adult. Spinatum Zone, Hawskerense Subzone, Ariño 5: Ogmoconchella aequalis
(Herrig, 1969). Specimen PA.77. Left valve, adult. Spinatum Zone, Hawskerense Subzone, Perales de Alfambra. 6: Cytherella toarcensis (Bizan, 1960). Specimen AR.885. Right
valve, adult. Serpentinum Zone, Elegantulum Subzone, Ariño. 7: Cytherellapraecadomensis (Knitter and Riegraf, 1984 ). Specimen AR. 1234. Carapace, adult. Bifrons Zone, Sublevisoni
Subzone, Ariño. 8: Liasina lanceolata (Apostolescu, 1959). Specimen AR.278. Carapace, adult. Spinatum Zone, Hawskerense Subzone, Ariño. 9: Liasina vesubulifera (Gram ann, 1962 ).
Specimen AR.354. carapace, adult. Serpentinum Zone, Elegantulum Subzone, Ariño. 10: Pseudomacrocypris subaequalis (Mkhelsen, 1975). Specimen MO.2 177. carapace, adult.
Bifrons Zone, Sublevisoni Subzone, Moneva. 11 : Pseudomacrocypris subtriangularis (Michelsen, 1975 ). Specimen AR. 1701. carapace, adult. Serpentinum Zone, Falciferum Subzone,
Ariño. 12: Isobythocypris ovalis (Bate and Coleman, 1975). Specimen AR. 1034. carapace, adult. Tenuicostatum Zone, Semicelatum Subzone, Ariño. 13: Monocerauna michelseni
(Riegraf, 1984 ). Specimen MO. 107. Carapace, adult. Tenuicostatum Zone, Mirabile Subzone, Moneva. 14: Monoceratina ungulina (Triebel and Bartenstein, 1938 ). Specimen
MO.99. Left valve, adult. Bifrons Zone, Sublevisoni Zone, Moneva. 15: Eucythernra liassica (Bate and Co!e man, 197 5). Specimen AR.226. Left valve, adult. Serpentinum Zone,
Falciferum Subzone, Ariño. Scale bars = 100 Jl1TI. long.

record shows negative excursions in the beginning ofthe Elegantulum
Subzone, Serpentinum Zone (Gómez and Coy, 2011 ). Thus, at the beginning of the Toarcian, the climatic scenario changed and an increase of seawater temperatures (from 12 ce up to 19.5 ce) from the Tenuicostatum
Zone to the Serpentinum Zone took place in the Iberian Range (Gómez
and Arias, 2010).

According to aH these data, the significant late Pliensbachian
cooling episode could have affected warm ecosystems (e.g. Tethys

area) as species inhabiting these regions have no refuge against
colder conditions because of the ocean currents in the EES and
in the westem comer of the Tethys Ocean (Arias, 20OSb ). The
palaeoceanographic model for the EES and westem part of the Tethys
Ocean foHows an estuarine-anti-estuarine circulation evolution consequence of an altemation of humid and cold conditions dominated
(reduced salinity) and warm conditions with high evaporation rates
(increased salinity). These climatic variations caused an estuarine

Fig. 8. 1: Cytheropteron byfieldensis (Boomer and Bodergat, 1992 ). Specimen AR.1100. Left valve. adult. Bifrons Zone. Sublevisoni Subzone. Ariño. 2: Gramannella apostolescui
(Graman n, 1962). Specimen AR185. Left valve, adult. Spinatum Zone, Hawskerense Subzone, Ariño. 3: Ektyphocythere bucki (Bizon, 1961). Specimen AR.3546. Left valve, adult.
Serpentinum Zone, Elegantulum Subzone, Ariño. 4: Ektyphocythere anterocosta (Boomer, 1988 ). Specimen MO.546. Left valve, adult. Bifrons Zone, Sublevisoni Subzone, Moneva.
5: Ektyphocythere dharennsourensis (Boutakiout et aL. 1982). Specimen AR.3348. Left valve, adult. Serpentinum Zone, Elegantulum Subzone, Ariño. 6: Ektyphocythere aff.
Ektyphocythere vitiosa (Apostolescu, 1959). Specimen AR.416. Left valve, adult. Spinatum Zone, Hawskerense Subzone, Ariño. 7: Kinkelinella tenuicostata (Martin, 1960). Specimen
MO.147. Left valve, adult. Tenuicostatum Zone. Mirabile Subzone, Moneva. 8: Kinkelinella sennoisensis (Apostolescu, 1959 ). MO.I089. Left valve, adult. adult. Bifrons Zone,
Sublevisoni Subzone. Moneva. 9: Kinkelinella sennoisensis (Apostolescu, 1959 ). Specimen MO.I076. Right valve, adult. Bifrons Zone, Sublevisoni Subzone, Moneva. 10: Kinkelinella
sp. B. Specimen AR.2222. Left valve, adult. Serpentinum Zone, Elegantulum Subzone, Ariño. 11: Praeschuleridea pseudokinkelinella (Bate and Coleman, 1975 ). Specimen MO.1071.
Right valve, adult. Bifrons Zone, Sublevisoni Subzone, Moneva. 12: Pleurifera harpa harpa (Klingler and Nel.lweiler, 1959 ). Specimen MO.105. Right valve, adult. Spinatum Zone,
Hawskerense Subzone, Moneva. 13: Trachycythere tubulosa tubulosa (Triebel and Klingler, 1959 ). Specimen AR311 Left valve, adult. Spinatum Zone, Hawskerense Subzone,
Ariño. 14: Paranotacythere terquemiana (lones, 1872 ). Specimen AR.667. Left valve, adult. Tenuicostatum Zone, Mirabile Subzone, Ariño. Scale bars = 100 )l1TI.long.

circulation in the late Ptiensbachian and an anti-estuarine circulation
in the early Toarcian. Under the Ptiensbachian cold temperature conditions an estuarine circulation is developed (Eg. l l a): (1) Tethyan
water enters into the EES and it can be dense enough to sink down
to the bottom of the basin, displacing water already there, but
sometimes these water masses are not sufficiently dense to displace
the deep waters, and travels up the EES at intermediate depths;

(2) from the south-westem to north-eastem EES, there are several
separate layers of water, sandwiched by a zone of mixing with a different movement ofthe most satine water towards the northem margin of the EES, while the less satine water moves in the opposite
direction towards the southem margin of the EES; and (3) in the northem
parts of the EES, lll1der the trade wind belt, originates a north-westward
drift of surface waters into the Tethys Ocean. Thus, ocean surface
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Fig.9. (A) Relative abundance of the main ostracod groups: Polycopidae. Healdiidae. Cytherellidae. Bairdiacea. Cypridacea and Cytheracea per studied samples from the Ariño
section; (B) Relative abundance of the main ostracod groups: Polycopidae. Healdiidae. Cytherellidae. Bairdiacea. Cypridacea and Cytheracea per studied samples from the Moneva
section.

currents track a leading northeast-southwest direction during the
late Pliensbachian (Arias, 2007 ).
Middle-latitude ecosystems would be less affected since many species could simply migrate to equatoriallatitudes, thus maintaining their
temperature tolerance ranges (EES). Since the late Pliensbachian ostracod assemblages in the Iberian Range are dominated by metacopines
and large cytheroids (fígs. 3-5, 6). When drawn migration movements
of sorne of the most significant late Pliensbachian species it can be seen
as many of the Tethyan ostracod enter via the southem parts of central
Europe and move fmm southem Germany to the Iberian Range shelf
seas (Arias and Whatley, 2004, 2005; Arias, 200Gb). Thus, ostracods living in warrner waters of the Tethys Ocean were able to survive in the
mild waters of the southem EES during the late Pliensbachian and they
later moved to warrner areas in the EES because of the change on the
ocean circulation during the early Toarcian.

At the beginning of the Toarcian the climatic conditions have
changed, and greenhouse warrning conditions carne to dominate the
EES. Warm conditions result in a buoyancy loss and a weaker antiestuarine circulation involving an inflow of Tethyan surface water and
an outflow of denser EES water, which reached the central basins of
the EES (Eg. 11 b). Ocean surface circulation would follow an anticlockwise movement in the eastem side ofthe EES, with a leading northeastsouthwest direction (Arias, 2007 ).
Arias (2007, 2009} reviewed the palaeobiogeographical distribution of two hundred and seventy four ostracod species worldwide,
to establish possible migration pathways between the northem
and southem parts of the EES from the late Pliensbachian to early
Toarcian (Eg. B A-B). During the late Pliensbachian, the metacopines
entered the EES through the straits located in the southem parts of
the EES and spread out along the entire epicontinental sea (Eg. 13A,
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Fig. 10. Chart showing the composite aBe curves obtained from belemnite calcite samples (6 t3 Cbel ) and bulk carbonates (6 t3 Cb (j k) from the Lower Jurassic sediments ofthe Iberian
Range. Left curve La Almunia de Doña Godina section, Right curve Sierra Palomera section. The shaded afeas represent minimum values in the value af the ¡satapes af carbono
Results have been plotted with respect to ammonite zones and subzones (Gómez and Arias. 2010).

deep water arrow); meanwhile the cytherellids followed a route from
the southwestem to northeastem parts of the EES (Eg. 13A, intermediate water arrow). Cypridoids and bairdioids migrated in an opposite
direction to the metacopines (Fig. 13B). Large and small cytheroids
extended southwards from the northem parts of the EES to the

Iberian basins (Eg. 13B). Analysing the migration routes of the late
Pliensbachian ostracods, it seems that healdioids and cytherellids
spread northwards to the epicontinental sea, while bairdioids, cypridoids
and cytheroids moved in the opposite direction (Fig. B A, B). Perhaps
sorne of these first groups (metacopines and large cytherellids)

B

A

European Epicontinental Sea

a

Tethys

NWEurope

e

b

NW Europe

Iberian Range

Fig. 11. Sehematic block diagram ofthe deep sea cireulation in Western Europe in the late Pliensbaehian (a) and in the earlyToarcian (b). it also indicates the geographic situation of
the Iberian Range basins and the Central Europe basins. (e) Palaeogeography ofWestern Europe during the early Jurassic. inc1uding the EES and the northwest end of the Tethys
Oeean. Une AB indicates the studied transverse bathymetric profile showing the different water bodies described in the text. (a) During the late Pliensbaehian. the Tethys Ocean
was a warm water mass where evaporation exeeeded river runoff and precipitation (Cllandler et al., 1992: Arias, 2008b), so the Tethyan water would sink displacing water already
there and flowed towards the less salty Iberian Range epicontinental seas. At the same time, freshwater influxes from the continent could have diluted the superficial waters
forming low salinity layers. But if Tethyan water masses were not sufficiently dense, the inflowing water travels up to intermediate depths. (b) At the beginning of the Toarcian
the c1imatic conditions ehanged and new warming conditions produeed evaporation which increased the salinity at the surfaee water ofthe Tethys Oeean and facilitated a weaker
anti-estuarine cireulation, involving the inflow ofTethyan warm shallow and intermediate waters onto this epicontinental sea. This study suggests that the estuarine cireulation
(late Pliensbaehian) implies a higher level of export produetion in the interior of the epicontinental sea, whereby the anoxia would extend up to surfaee waters below a thin
mixed layer. With the anti-estuarine cireulation there is a modest increase in export produetion and redueed ventilation leading to anoxia in intermediate and deep waters.
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Fig. 12. Chart showing the composite 6180 curves obtained from belemnite calcite samples (61B Ot,eIJ and bulk carbonates (6 t8 Dt,ulkJ from the Lower Jurassic sediments ofthe Iberian
Range. Left curve La Almunia de Doña Godina section, Right curve Sierra Palomera section. The shaded afeas represent minimum values in the value of a t8 o ¡",. Results have been
plotted with respect to ammonite zones and subzones (Gómez and Arias, 2010).

lived in temperate seas, whereas small cytheroids, bairdioids,
cypridoids and polycopids might have preferred warmer seawater
temperatures and moved southwards. Metacopines were capable
to move to warmer waters after the cooling episode during the
late Pliensbachian. The location ofthe Iberian Range, at the southem
part of the EES, would indicate that the Iberian seas could have
enjoyed warmer temperatures, hence the important movement of
species to the Iberian Range.
Toarcian thermal maximum also explains as many significant
ostracod species migrate northwards into the EES during the Toarcian
(Eg. 13C, D). Cytherellids (Eg. 13C, intermediate water arrow),
bairdioids and cypridoids (E g. 13D) expanded northwards across
the entire EES during the early Toarcian also looking for more suitable
habitats. However, they suffered significant losses perhaps the water
temperature was excessive and affected reproduction or food sources.
Ifthe pattem of distribution of the cytheroids is analysed, they show a
northwards and southwards movement across the entire EES. They
suffered a low level of extinction, but not to the same extent as the
rest of the groups in the Elegantulum Subzone, Serpentinum Zone,
since they lived in very shallow surface waters and might have
certain physiological advantages for survival under moderate temperatures (as when they lived in the Pliensbachian cold sea), or because
they might have moved to less warm places where they could have
survived (Fig. B e).
If the pattem of movement of the major ostracod groups (Fig. 13C-D)
is observed during the early Toarcian, many of the ostracod groups can
be seen to have entered into the Iberian epicontinental sea from the
Tethys Ocean. Many of them moved northwards, meanwhile others penetrated via the southem part of the EES and then spread out northwards
and southwards. This was the case of the metacopines during the beginning of the Toarcian. Its pattem of migration shows as its habitat became
fragmented, with population restricted to a few areas such as the Iberian
Range, British Island or sorne French and German basins (Arias, 2007).
Final results suggest that the majority of groups (except metacopines
and cytheroids) could better withstand the higher seawater temperatures, not because of their ability to tolerate temperature, but for
their ability to migrate northwards in the EES. Only cytheroids suffered
changes but survived better because they were more accustomed to living in shallow water conditions, and occupied mid-latitude areas where
the water temperatures during the thermal episode were not as warm
(Arias, 2007). Although, they moved, theyonly migrated to the European
central basins. That is to say that the selective survival of cytheroids
that occurred during the thermal maximum (Serpentinum Zone)
could be a consequence of their physiological ability to withstand

high temperatures but less by their capacity to migrate to mild temperature areas. About the metacopines, their impoverished population were fragmented in particular areas of the EES that suffered
the direct impact of this thermal hit and they cannot survive to this
second environmental crisis. The rest ofthe ostracod groups suffered
the change of water temperatures during the Toarcian, and their
populations dropped off but they managed to move to colder areas
and to survive.
5. Conclusions
The ostracod record ofthe Iberian Range demonstrates the importance of the early Toarcian ostracod extinction pattem. A total of8510
specimens are recorded and assigned to a total of 46 species. The
ostracod record illustrates two important extinction events in the
Iberian Range. The first episode is characterised by the disappearance
of the metacopines in the Mirabile Subzone, Tenuicostatum Zone. After
this first biological crisis, the dominance of bairdioids and cypridoids,
which represents the first opportunistic species, was followed by the
dominance of the ostracod assemblages by platycopines (cytherellids)
and then by cytheroids. The disappearance of the metacopines coincides with slightly lower levels of oxygen in the Iberian Range during
a transgressive episode and at the beginning ofwarmer seawater temperatures in the Iberian Range. This paper analyses both the change in
oxygenation conditions and of seawater temperature. The approach to
this issue is that the metacopines lived in relativelywell oxygenated environments. If a serious environmental crisis would have led to a drastic
decline in the amount of dissolved oxygen in the deep-water masses,
the metacopines, which inhabited deeper environment, might have
been the most affected by these changes in the amOllllt of dissolved oxygen in the water. The role of the seawater temperatures in this first crisis
seems not to have been so important, because healdioids endure lower
seawater temperatures that occurred during the late Pliensbacruan. However, this first increase of the water temperature could have affected the
ability of the metacopine to take oxygen from the water. Diminishing of
the nutrients can also playa role in promoting the deterioration of the
living conditions of the medium for metacopines.
The second episode of extinction occurs in the Elegantulum Zone,
Serpentinum Zone when all ostracod assemblages suffered important
losses coinciding with the end of the late Pliensbachian cooling episode and the beginning of a marked increase in water temperature
in the early Toarcian. The spread of these warming conditions produced severe losses in all ostracod groups during the beginning of
the Serpentinum Zone, with the only exception of the cytheroids.
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Fig. 13. Migratian patterns of ostracod assemblages across the European epicontinental sea and Tethys Ocean during the late Pliensbachian and earlyToarcian. Arrows illustrate the
direction af the movement of principal ostracod species. (A) Late Pliensbachian: top arrow represents the movement pattern of deep water species (metacopines) , hottom arrow
represents the movement pattern of intermediate water species (cytherellids); (B) arrow represents the movement pattern af surface water species (polycopids, cypridoids,
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waters. (e) Early Toarcian: top arrow represents the movement pattern of deep water species (metacopines). bottom arrow represents the movement pattern of intermediate
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Migration pattems show that the majority of the ostracod groups
moved north to escape the higher temperatures, except cytheroids
that moved to or remained in the middle latitudes with more temperate seawater temperatures.
The total process of extinction during the late Pliensbachian-early
Toarcian in the Iberian Range was one major event in the history of
ostracod record. Low-oxygen conditions could be responsible for the
beginning ofthis severe extinction. Climate change contributed decisively although indirectly to both the first and the second crises,
though it seems to have had a more important role during the second
crisis in the Iberian Range. It was a long crisis that is reflected in
the multiple changes observed in the associations of Iberian Range
ostracods.
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