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Possible causes of evolutionary patterns in the nekton and plankton of the  
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The Devonian and Cretaceous periods represent warmer ("greenhouse") intervals of Earth History, with relatively high sea levels and dispersed 
continents. Indeed, the Cretaceous — especially in the Turonian — records the highest temperatures and sea levels of the Phanerozoic. Studies of 
Devonian ammonoids and Cretaceous planktonic Foraminiferida have shown strikingly similar patterns of evolution in both groups. The 
Devonian and Cretaceous systems are characterised by "events" (e.g., Bonarelli in the Cretaceous, Kellwasser in the Devonian) at which there are 
significant faunal changes — often associated with anoxic events. 
In the Cretaceous there is more evidence from sea-floor spreading rates, ocean crust formation, oceanic circulation models, Global Circulation 
Models (GCM's) and other environmental information with which to reconstruct the changes that have affected the faunas. The periodicity of 
these "events" in the Cretaceous is comparable with the current models for the Devonian and the mechanisms invoked are also similar. Detailed 
analysis of the Cenomanian/Turonian boundary event (Bonnarelli Event) has provided information on faunal changes, sea-level changes, VC 
isotopes and other geochemical data. Other Cretaceous events show similar profiles, especially the Selli Event (Aptian) which may partly be due 
to a massive methane release from buried gas hydrates. The effect of this release appears to have persisted throughout much of the Early to mid-
Cretaceous and a similar model might be postulated for some of the Devonian events. 

M.B.Hart, Department of Geological Sciences, University of Plymouth, Drake Circus, Plymouth PL4 8AA 

INTRODUCTION 

In the Cretaceous and Devonian Periods it is noticeable that the 
evolution of some planktonic and nektonic fossil groups display a 
distinctive "punctuated" pattern, with the turnover events being 
associated with black shales that were deposited under 
hypoxic/anoxic conditions. This paper explores the possible causes 
of these events and attempts to look for any similarities. The 
Cretaceous and Devonian are times of: 

• rRelatively equable climates, although the Cretaceous is 
thought to have been considerably warmer (Merritts et al , 1998); 

• relatively high sea levels with little evidence of extensive 
(if any) polar ice caps; and 

• expanded areas of shelf sedimentation, as a result of the 
higher sea levels. 

In the Cretaceous (135 — 65 Ma) the relatively high sea levels 
created by the lack of polar ice caps (see Miller et al., 1999, and 
Keller & Stinnesbeck, 1996, for a suggestion that there may have 
been some Antarctic ice in the Maastrichtian) was further accen-
tuated by a major increase in sea floor spreading rates (see Figure 
1). As a result of high sea levels, the lack of a strong pole-to-equator 
temperature gradient (Sellwood et al., 1994, fig.2) and a relatively 
weak global circulation (Price et al., 1995), the Cretaceous oceans 
had a tendency to create hypoxic/anoxic conditions. Black 
shales/clays are particularly extensive in the mid-Cretaceous (Larsen 
et al., 1993; Kauffman & Hart, 1996). 

The Devonian, unlike the Cretaceous, was a period when plate 
tectonics was bringing existing continents together as the mass of 
Pangaea was beginning to form. Because virtually no Devonian 
oceanic crust is preserved we know little about spreading rates at the 
time, or the volume of the mid-oceanic ridges. In the Cretaceous the 
continents were in dispersal mode with new ocean basins (South 
Atlantic Ocean, eastern Indian Ocean, etc.) being initiated in the 
Barremian — Albian interval. This process generated a massive 
pulse of sea-floor spreading and oceanic crust formation (Larson et 

al., 1993) which, almost certainly, caused a major rise in sea levels. 

DEVONIAN AMMONOIDS 

In a series of detailed papers House (1985, 1989, 1993) and 
House & Senior (1981) have identified a number of extinction/ 
biodiversification events in the Devonian (Figure 2). Although there 
are a considerable number of 'events' (perhaps 14 in total), there are 
eight in the Devonian that are quite important (Figure 2). They are 
recorded at intervals of 1— 5 million years, although House (1993) 
plays down the idea that they are periodic and, in a full analysis of 
the complete evolution of the Ammonoidea, shows that the data do 
not indicate the 26 million year periodicity of Raup & Sepkoski 
(1982, 1984). 

The extinction/biodiversification events in the Devonian 
(Becker, 1993; House, 1985, 1989, 1993) appear to be intimately 
associated with the development of hypoxic/anoxic conditions 
(Becker, 1993, fig.7.11) which appear to have expanded into shelf 
environments at times of transgression or generally elevated sea 
levels. In some cases (e.g., Hangenberg and Kellwasser Events) the 
associated sea level changes are thought to have been relatively 
rapid and global (Becker, 1993). There is some evidence (Wilde & 
Berry, 1984, 1986) for major overflooding of epicontinental shelves 
with hypoxic water masses from basinal areas. 

One of the major events of the Devonian is the Kellwasser 
Event (Figure 3) at the Frasnian-Famennian boundary. This was not 
a single event (Schindler, 1993) and Becker (1993) describes a 
Lower and an Upper Kellwasser Event. The earlier of the two events 
significantly reduced ammonite diversity and this was followed by 
an interval of evolutionary stagnation. The Upper Kellwasser Event 
was a complex ecological catastrophe and not a single-bed event as 
suggested by McLaren (1970). The various stages of this multiphase 
extinction and diversification event have been described in detail by 
Sandberg et al. (1988), Becker et al. (1989, 1991), Schindler (1990) 
and Becker (1993). An interval of condensation and/or non-
deposition and erosion was followed by rapid overflooding of the 
oxygenated shelf areas by oxygen-depleted waters that may also 
have been colder. This oceanic anoxic overturn can be seen in the 
dark Upper Kellwasser Limestones and other coeval ‘dark’ sediments 
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Figure 1. Cretaceous time-scale, oceanic crust production, occurrence of black shales, sea level change, palaeotemperatures and oil generation 

(modified after Larson et al., 1993). 

 

Figure 2. Devonian extinction/biodiversification events (after House, 

1993, fig.2.3) plotted against the ammonoid zonation and the standard 

stages. 

(e.g., the Alum Shales). The event also caused extinctions within other 
groups such as trilobites and brachiopods. Schindler (1990), in a 
major investigation, demonstrated major blooming/extinction events 
within the Upper Kellwasser Event but also identified (as did Wendt 
et al., 1984) an important sea level fall within the overall event. 
Shallow water assemblages (bivalves, ostracods and even the debris of 
land plants) are known from a wide range of localities such as the 
Montagne Noire in France and in the Atlas Mountains of Morocco 
(Becker, 1990; Wendt & Belka, 1991). 

The actual cause of the ammonoid extinctions at the Frasnian-
Famennian (F-F) boundary is not known. They suffered alongside 
many shallow, warm water taxa such as atrypid and pentamerid 
brachiopods and rugose corals (Hallam & Wignall, 1999). In reefal 
environments stromatoporoids, tabulate corals, trilobites and some 
complex foraminiferids were also victims while, in pelagic 
environments, cricoconarids became extinct and some conodonts and 
placoderms were affected (Hallam & Wignall, 1999). Cooler 
water (= deep?) taxa appear to have preferentially survived, 
including some hexactinellid sponges (McGhee, 1996) and some 
high-latitude brachiopods (Copper, 1998). 

Sea level changes, and associated anoxia, are thought to be the 
cause of the extinctions at the F-F boundary. Newall (1967), Ji (1989), 
Becker & House (1994) and Racki (1988) have suggested regression 
as the cause while others have related the occurrence of black (= 
anoxic) shales to transgressive events (House, 1975; Johnson et al., 
1985; Sandberg et al., 1988; Ziegler & Sandberg, 1990; Schindler, 
1993; Becker & House, 1994; Hallam & Wignall, 1999). The 
Buggisch (1991) model, which implies rapid glacio-eustatic 
oscillations across the F-F boundary does not find support amongst 
many workers (Hallam & Wignall, 1999). The model for Euramerica 
(based on the work of Johnson & Sandberg, 1988 and Sandberg et al., 
1988) has been modified (Figure 3) with the inclusion of data from 
Hallam & Wignall (1999), Becker (1993) and Bratton et al. (1999). 
The latter authors, in a recent study of successions in Utah and 
Nevada (USA), have attempted to show that the anoxic sediments 
(and their associated geochemical anomalies) actually pre-date the 
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Figure 3. The Kellwasser Event (modified after Hallam & Wignall 1999). 

recorded F-F extinction events. 

Becker (1993) identifies the cause of the ammonoid extinctions 
as being due to the loss of their typical off-shore habitats rather than 
the breakdown of the food-chain (as suggested by Hart, 1996, for 
the Late Cenomanian Event in the Cretaceous). There is evidence 
that, even if acritarchs and ostracods were significantly affected by 
the event(s), opportunist taxa quickly replaced them in most of the 
areas in which detailed observations have been made. 

PLANKTONIC FORAMINIFERA 

In his detailed investigation of ammonoid family diversity 
through the Devonian to Cretaceous interval, House (1993, figs 2.4-
2.6) showed that there was little evidence of a 26 million year 
periodicity (op. cit., fig.2.6). There was, however, significant 
evidence to suggest that ammonoid family diversity was closely 
allied to global sea levels. This was quite apparent in the Devonian 
while the Cretaceous showed an almost perfect match between 
diversity and sea level. House's data (1993, fig.2.4) show the 
Cretaceous maximum during the Late Cenomanian which is in very 
close agreement with the Phanerozoic sea level maximum in the 
Late Cenomanian/Early Turonian (see Haq et al., 1987, 1988; 
Hardenbol et al., 1998). House (1993) shows a fairly rapid drop in 
diversity after the Late Cenomanian peak through the Late 
Turonian, Coniacian and Santonian with a plateau in the 
Campanian. This plateau is also detected in the analysis of the 
planktonic Foraminifera (Hart, 1999; Premoli Silva & Sliter, 1999). 

The evolution of the planktonic Foraminifera has recently been 
described by Hart (1999) and Premoli Silva & Sliter (1999). The 
earliest Cretaceous assemblages (Figure 4) contain only 
Conoglobigerina and (?)Gorbachikella and the first important 
diversitication event is close to the Hauterivian/Barremian boundary 
(appearance of Praebedbergella) according to BouDagher-Fadel et 
al. (1997). In Northern and Central Italy there is a minor "anoxic" 
event (the Faraoni Event of Premoli Silva et al., 1999) which is 
recorded close to this level. The Faraoni Event is poorly known and 
its role in the evolution of the planktonic foraminifera little studied. 
The next major event (appearance of the Blefuscuiana and 
Liliputianella lineages) is mid-Barremian. The mid-Hauterivian to 
mid-Barremian interval coincides with the first Cretaceous diversity 
peak of the ammonoids (House, 1993, fig.2.4). 

 

As indicated by Hart (1999) and Premoli Silva & Sliter (1999) the 
Selli Event is much more important and also records a major positive 
δ13C excursion coupled with an important rise in sea level. The later 
events in the Aptian and Albian are, in some cases, only loosely 
connected with diversification/extinction events. 

The most significant turnover is at the level of the Cenomanian/ 
Turonian boundary; the Bonnarelli Event (Figure 5). This marks a 
major change in the planktonic fauna from one dominated by 
Rotalipora and Praeglobotruncana to a fauna dominated by 
Dicarinella and Marginotruncana (Figure 4). Both Hart (1999) and 
Premoli-Silva & Sliter (1999) record a drop in generic and specific 
diversity of planktonic foraminifera in the Early to Middle Campanian 
(Fig. 5) and while this event is little understood it may be the result of a 
major restucturing of the ocean system as both surface temperatures 
(Jenkyns & Wilson, 1999, fig. 21) and sea-floor temperatures (Barrera, 
pers. comm.) fell after their Late Cenomanian maximum. The 
Bonnarelli Event, like the Kellwasser Event (described above) is a 
complex, multiphase event. In S.W.England the event is recorded in 
the Hooken Cliff succession, immediately west of Beer Head. Within 
the condensed limestone succession (Smith, 1957, 1961; Carter & Hart, 
1977; Hart, 1982; Jarvis et al., 1988a) detailed sampling has identified 
a number of important microfaunal changes that can be used for 
regional and international correlation (Figure 6). The key planktonic 
taxa provide an accurate stratigraphy with the identification of the top 
of the R. cushmani Taxon Range Zone immediately prior to the 
maximum δ 13C isotope excursion. The decline in the Rotalipora fauna 
prior to the final extinction is quite marked, as is the dominance of the 
Hedbergella/Whiteinella fauna in this shallow-water environment. The 
carbon isotope curve (Jarvis et al, 1988a, fig.4) looks very different to 
that of other Cenomanian/ Turonian boundary successions (Jarvis et 

al., 1988b; Paul et al., 1999; Fig. 7) and this is almost certainly due to 
either the complex condensation of the sediments, reworking and/or the 
presence of omission surfaces (both seen and undetected). 

In the Hooken Cliff succession there is no evidence of dark, 
organic-rich, mudstones so typical of other successions at this level 
(e.g., Schlanger & Jenkyns, 1976; Jenkyns, 1980; Robaszynski et al., 

1990; Morel, 1998) and this is almost certainly due to the shallower 
water depth in the area. Off-shore S.W.England Hart & Duane (1989, 
and references therein) have described the succession at DSDP Site 
551 in which a black mudstone (rich in radiolaria, but with little other 
microfauna) is recorded. In N.E.England (Hart & Bigg, 1981; Hart et  
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Figure 4. The evolution of the planktonic foraminifera based on the time scale and zonation of Robaszynski & Caron (1995). 

al., 1991, 1993) it is clear that the presence of black mudstones 
representing hypoxic/anoxic conditions is a function of the local 
depositional setting. 

At Eastbourne, in the centre of the Wessex/Anglo-Paris Basin 
(Figure 7) there is an expanded succession across the 
Cenomanian/Turonian boundary event. The faunas are well-known 
and there are distinctive changes in the benthonic Foraminifera, 
together with the extinctions of Rotalipora greenhornensis and R. 

cushmani. The carbon isotope data, together with the key faunal 
events are shown in Figure 7. This diagram includes an interpretation 
of the water depth changes determined by the consideration of the 
maximum size of planktonic taxa, which Leary & Hart (1989) used as 
a proxy for water depth or, more significantly, the depth of the 
habitable water column. The geochemistry of the succession, kindly 
provided by Carl Orth (pers. comm., 1990) shows the presence of rare 
earth elements and other indications of oceanic perturbation (oceanic 
overturn of the Wilde & Berry, 1984, 1986, models). The 
occurrence of iridium in two distinct intervals just at, and above, the 
extinction of R. cushmani and close to the maximum δ13C excursion 
(Figure 7) strongly suggests that these two levels are precisely coeval 
with similar iridium abundances (Kauffman, 1995) in the Pueblo 
succession (Colorado). The Eastbourne and Pueblo iridium 
occurrences are, in the opinion of Orth (pers. comm.) not extra-
terrestrial in origin. The pattern of faunal change is quite distinctive 
and has many features in common with the Kellwasser Event (Figure  

3). The location of the black anoxic sediments in the 
Cenomanian/Turonian boundary event are not always coincident with 
the extinction levels, appearing earlier in the case of Tunisia 
(Robaszynski et al., 1990) and later in the case of N.E.England (Hart 
et al., 1991, 1993) and N. Germany (Hilbrecht & Hoefs, 1986). This 
mismatch of anoxic sediments and the principal extinction levels is 
comparable to the situation described by Bratton et al. (1999) for the 
Kellwasser Event. 

DISCUSSION 

The extinction/biodiversification events of the Cretaceous and 
Devonian systems have many similarities and appear related to major 
changes in sea-level coupled with either oceanic overturn events or 
other, perhaps related, palaeoceanographic changes. The frequency of 
the events in the two systems are comparable. The recently published 
review by Hallam & Wignall (1999), in which levels of mass 
extinction have been equated directly to sea-level changes, is rather 
generalised (op. cit., 1999, fig.11) to allow a detailed assessment of 
the causes. The evidence of the planktonic foraminifera and the 
appearance of the buliminids (perhaps indicating less oxygenated 
waters) almost certainly indicates a depth increase within the Plenus 
Marl succession. This is in marked contrast to the views of Jeans et al. 
(1991) who invoke a glacially-induced fall in sea level at this time. 
Gale et al. (2000) have suggested that Bed 1 (of the Plenus Marls 
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Figure 5. Cretaceous "anoxic" events, many of which are associated 

with extinction/biodiversification events (see Figure 4 and also Premoli 

Silva & Sliter, 1999, fig.3). 

 

 

succession) records a lowstand before a rise through Beds 2-8, 
although this appears to contradict the morphometric analysis of the 
Rotalipora population (Fig. 7). The occurrence of a flood of Reophax 
sp. may indicate deeper water or, as this taxon is often the first 
immigrant following a change in sedimentation pattern, it may simply 
be responding to the sudden change in sediment type above the sub-
Plenus erosion surface. 

Sea-level change is indicated as potentially responsible for many 
of the Devonian events. This is particularly true of the Kellwasser 
Event (Fig. 3). The Bonnarelli Event is also associated with sea-level 
change and many authors (e.g., Jenkyns et al., 1994) have observed 
how the δ13C curve (in places) almost acts as a surrogate sea-level 
curve. In the Aptian of the Cismon section (N. Italy) Menegatti et al. 
(1998, figs 2, 3) and Erba et al. (1999, fig.7) record a major δ13C 
isotope excursion which has a smaller peak (op. cit., fig.3) that occurs 
within the Selli Event. It would appear, therefore, that a sudden sea-
level rise changed patterns of oceanic productivity (and probably the 
preservation potential of organic matter in deeper waters) and caused 
a perturbation of the carbon isotope signal. The sea-level rise may 
have also raised oxygen-depleted waters onto the shelf to varying 
degrees, resulting in the deposition of dysaerobic and/or anoxic 
sediments in suitable environmental settings. 

In a recent discussion of the Early Toarcian (Lower Jurassic) 
"anoxic" event on the Yorkshire Coast, Hesselbo et al. (2000) have 
suggested that a sudden release of methane from buried gas hydrates 
may be the cause of a marked negative δ13C isotope excursion 
immediately below the rise recorded in the falciferum Zone. The 
positive isotope excursion parallels the postulated sea-level rise which 
appears to be responsible for the major change in the foraminiferal 
fauna (Hylton & Hart, 2000; Hylton, 2000). The marked negative 
excursion recorded by Hesselbo et al. (2000) appears to be totally 
independant of changes in sea level and, as explained by Weissert  

  

Figure 6. The Cenomanian — Turonian boundary section of the Hooken Cliffs, west of Beer, SE Devon (after Jarvis et al., 1988a but with additional 

data provided by the author). 
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Figure 7. The Cenomanian — Turonian boundary section at Holywell, Eastbourne, Sussex. The field and isotope data were provided by Dr I. Jarvis 

(University of Kingston). The geochemical data were given to the author by Dr C. Orth (New Mexico). The extinction of Rotalipora cushmani in Bed 

4 may be extended slightly by either very rare or (?)reworked specimens. The typical Cenomanian benthonic foraminiferal fauna largely disappears 

at the top of Bed 1, although some taxa extend upwards into Bed 2. In Bed 1 there is a flood of flask-like Reophax sp.. The increase in size of 

Rotalipora spp. At this level is suggestive of an increase in water depth. Above Bed 1 the maximum size of Rotalipora cushmani reduces quite 

markedly and the final occurrences of this species are very small by comparison to those recorded in Bed 1. Bulimina spp., a genus often associated 

with poorly oxygenated conditions in modern oceans, are common in Beds 2-8. Calcispheres expand in numbers in the upper part of the Plenus 

Marls. In Beds 6-8 and in the lower levels of the Dover Chalk Formation thin sections of the chalks are crowded with these tiny spheres. This is a 

feature of limestone successions in many parts of Europe at this time. 

(2000), was probably a methane release caused by some 
perturbation of the sea-floor. The Selli Event (Menegatti et al., 

1998, figs 2,3) also shows a brief pre-event negative δ13C 
excursion in the Cismon section. An even more marked negative 
excursion has been recorded by Price (pers. comm.) from DSDP 
Site 463 in the Central Pacific. As the Selli Event coincides with 
the marked change in oceanic crust production (Figure 1) and the 
attendant rise in sea-level this could have been the trigger for the 
methane release. At the present time there are no other events in 
the Cretaceous (Fig. 5) that show this marked negative δ13C 
excursion (see Figure 7) and it is possible that the massive 
methane release happened only once (Selli Event) and that the 
long-lasting effect of the elevated CO2 levels was partly(?) 
responsible for the other events (Paquier, Jacob, etc.). The pattern 
of events in the Cretaceous (Fig. 5) appears superficially similar to 
the events in the Devonian (Fig. 2) but, as yet, there are no data — 
other than sea-level change and anoxic sediments — to 
substantiate a claim for equivalence. 
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