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Abstract 10 

In the present study the distribution of the planktic foraminifera in a section recovered 11 

between the  Cretaceous/Paleogene (K/Pg) boundary and the end of the Paleocene 12 

(Daniano/Seladian), from core DSDP site 356, São Paulo plateau (South Atlantic), is 13 

analyzed. The results point towards a gradual recovery of the marine pelagic ecosystem, 14 

in the aftermath of the K/Pg mass-extinction event. The changes in distribution patterns 15 

and composition of the Danian planktic foraminiferal assemblages are primarily related 16 

to the instability and changing conditions of oceanic surface waters. The quantitative 17 

analyses of the planktic foraminifera allowed the reconnaissance of a series of 18 

speciation events that happened in the Danian, immediately after the K/Pg boundary, 19 

marked by three distinct main intervals: (i) in the Pα zone, evidenced by the 20 

predominance of  specimens that likely inhabited the most superficial portions of the 21 

water column (mixed layer), represented mostly by microperforated taxa (Globoconusa, 22 

Guembelitria, Parvularugoglobigerina and Woodringina). The occurrence of this group 23 
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suggests  poorly stratified water masses and a water column with meso-eutrophic 24 

conditions. In this interval, the first appearance of spines in the planktic foraminifera 25 

(Eoglobigerina, of the family Globigerinidae) evidences the development of a 26 

carnivorous  habit; (ii) between zones P1a and P2 there is a progressive increase of 27 

specimens that inhabited the lower portions of the water column, in the thermocline and 28 

sub-thermoline, suggesting the recovery of the pelagic ecosystem with the development 29 

of a more stratified water column in mesotrophic to oligotrophic conditions; (iii) from 30 

zone P3 onwards, most of the planktic foraminifera inhabited the lowest portions of the 31 

water column, together with the first occurrences of mixed-layer endosymbiont-bearing 32 

species such as Morozovella, Acarinina and Igorina. 33 

 34 

Key words: Planktonic foraminifera, Paleocene, DSDP Site 356, Assemblages 35 

distribution, Pale oceanographic conditions.36 

 37 

1. Introduction 38 

39 

The Cretaceous/Paleogene (K/Pg) boundary event is one of the most widely studied as it 40 

is the most recent of the 5 major mass extinctions, dated to ca. 66.04 Ma (Vandenberghe 41 

et al., 2012). It constitutes one of the most significant biological crises in geological 42 

history, which is used to define the boundary between the Mesozoic and Cenozoic Eras 43 

(Molina, 2015). One of the most severely affected marine groups were the planktic 44 

foraminifera, with about 95 % of species disappearing at the boundary (D’Hondt et al., 45 

1996; MacLeod et al., 1997). The post K/Pg boundary event, in the Paleocene interval 46 

(66.05 to 56.00 Ma.; Gradstein et al., 2012), was a time of global warming, high oceanic 47 
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productivity and increasing depth-related specialization of the planktic foraminiferal 48 

communities (Quillévéré and Norris, 2003).49 

These general patterns were associated with an explosive radiation of the trochospiral 50 

planktonic foraminifera following the K/Pg event. Many of the major morphological 51 

and ecological patterns became established during the earliest Paleocene (Quillévéré 52 

and Norris, 2003). During the mass extinction there was a drastic collapse in the organic 53 

flux to the sea bottom and in the marine calcium carbonate production (D’Hondt, 2005). 54 

The progressive rhythm of biotic recovery resulted from major changes in the marine 55 

ecosystem in the K/Pg aftermath. The biogeochemical recovery allowed opportunities to 56 

the evolution of a diversified marine biota, among them the planktic foraminifera 57 

(D’Hondt, 2005).58 

Based on the reorganization of the global pelagic ecosystems and on the complexity of 59 

environmental parameters which influenced the planktic foraminifera population 60 

dynamics (e.g., the photic zone reorganization and temperature) this work aims to assess 61 

the paleoceanographic effects in the planktic foraminifera assemblages in the aftermath 62 

of the K/Pg event.63 

64 

2. Geologic Setting 65 

66 

DSDP Site 356 is located on the southeastern part of the São Paulo Plateau 67 

(28°17.22’S/41°05.28’W; 3175 m water depth), a physiographic feature that extends 68 

from 20°S (Vitória-Trindade Chain) to 28°S (southern boundary of the Santos Basin, an 69 

area affected by salt tectonics) (Fig. 1). Stretched continental crust composes its 70 
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basement and several volcanic intrusions occur, probably related to the process of 71 

thermal crustal uplift associated with the breakup of Gondwana (Macedo, 1990). 72 

The sedimentary record of the São Paulo Plateau at Site 356 was divided in seven 73 

lithostratigraphic units (Units 1 to 7), ranging from the Albian to the Recent (Persch-74 

Nielsen et al., 1977). The sequence that encompasses the interval of the Paleocene (Unit 75 

4), studied here, is constituted by hemipelagic carbonate sedimentation, predominantly 76 

composed by nannofossil and nanofossil-foraminifera chalk (Persch-Nielsen et al., 77 

1977).  78 

79 

3. Material and Methods 80 

81 

For this study, 55 samples of Site 356 were used, between depths 411.82 mbsf (356-29-82 

3, 32-34) and 314.35 mbsf (356-17-3, 74-77), with sample spacing varying between 83 

0.07m, close to the K/Pg boundary, and 8.70m, in the higher portions of the section. The 84 

preparation of the samples designated for microfossils recovery consisted of the 85 

following steps: (i) weighing of approximately 15g of sample material,; (ii) mechanical 86 

breakdown of the samples; (iii) addition of hydrogen peroxide (H2O2 at 29%) until it 87 

covered the samples, for 24 hours; (vi) washing through a 38µm-mesh sieve; (v) picking 88 

of at least 400 specimens of planktic  foraminifera. For the taxonomic identification of 89 

the planktic foraminifera the specific and generic classifications of Olsson et al.(1999), 90 

Liu and Olsson (1992) and Koutsoukos (2014) were used. Using the species and genera 91 

recognized, The biostratigraphic study was based on the zonal scheme of Berggren et al. 92 

(1995), revised by Gradstein et al. (2012). The Shannon-Wiener (H’) and equitability (J) 93 
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analyses were done with the software PAST – Paleontological Statistics (Hammer et al., 94 

2001). 95 

To measure the preservation degree of the planktic foraminiferal assemblages, the 96 

following criteria, used by Huber & Leckie (2011), were adopted: E = excellent (sample 97 

includes ‘‘glassy’’ shells with no evidence of recrystallization or secondary mineral 98 

infilling or overgrowth); G = good (‘‘frosty’’ shells with minor recrystallization, but no 99 

evidence of secondary mineral infilling or overgrowth); M = moderate (opaque shells 100 

with minor to significant shell recrystallization, presence of secondary mineral infilling 101 

or overgrowth); P = poor (shells strongly recrystallized and infilled or strongly 102 

fragmented).103 

 104 

4. Results 105 

106 

The good preservation of the Paleocene planktic foraminiferal assemblages present on 107 

the 56 studied samples allowed for the identification of 43 species, distributed in 15 108 

genera and 6 families. Three microperforate genus which survived the K/Pg boundary 109 

were found: Guembelitria, Zeauvigerina and Rectoguembelina.110 

 111 

4.1 A Biostratigraphy Reappraisal 112 

113 

Based on the zonal scheme of Berggren et al. (1995), seven zones were identified in this 114 

study (from Pα to P3b) for the lower and upper Paleocene (Fig. 2). The studied interval 115 
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is above the Late Maastrichtian “Pseudoguembelina hariaensis” Zone (Robaszynski and 116 

Caron, 1995), recognized by Kochhann et al. (2013) at Site 356. The 117 

biostratigraphically relevant species recovered at the studied site and used in this work 118 

are illustrated on Figure 3. 119 

The P0 Zone [partial range of Guembelitria cretacea (Berggren et al., 1995)] could not 120 

be identified due to an unconformity between depths 411.82 mbsf and 411.75 mbsf. 121 

More precisely, the unconformity occurs between the Pseudoguembelina palpebra Zone122 

of the Maastrichtian, recognized by the last occurrence of typical species of the 123 

Cretaceous, and by the first occurrence of Parvularugoglobigerina eugubina, which 124 

marks the base of the Pα Zone [total range of P. eugubina (Berggren et al., 1995)]. 125 

The Pα Zone [total range of Parvularugoglobigerina eugubina (Luterbacher and 126 

Premoli Silva, 1964); Olsson et al., 1999] was recognized in the interval between 127 

411.75 mbsf and 409.25 mbsf. In this interval, Parvularugoglobigerina longiapertura 128 

(Blow, 1979) was also registered, whose stratigraphic range corroborates the 129 

identification of the Pα Zone, also identified within this zone by Koutsoukos (2014) for 130 

the South Atlantic Ocean and by Arenillas et al. (2004) for the North Atlantic Ocean. 131 

The P1a Zone [Parvularugoglobigerina eugubina-Subbotina triloculinoides Interval 132 

Subzone (Berggren et al., 1995)] has its base (409.25 mbsf) defined by the last 133 

occurrence of the species Parvularugoglobigerina eugubina and its top (402.77 mbsf) 134 

by the first occurrence of Subbotina triloculinoides. The P1b Zone [Subbotina 135 

triloculinoides-Praemurica inconstans Interval Subzone (Berggren et al., 1995)] has its 136 

base defined by the first appearance of Subbotina triloculinoides at 402.77 mbsf and its 137 

top by the first appearance of Praemurica inconstans and Globanomalina compressa, at 138 

391.77 mbsf. The P1c Subzone [Praemurica inconstans / Praemurica uncinata Interval 139 
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Subzone (Berggren et al., 1995)] has its base defined by the first appearance of 140 

Praemurica inconstans and Globanomalina compressa at 391.77 mbsf and its top by the 141 

appearance of Praemurica uncinata at 385.24 mbsf.142 

The P2 Zone [Praemurica uncinata-Morozovella angulata Interval Zone (Berggren et 143 

al., 1995)] was recognized in the interval between 385.24 mbsf, by the first occurrence 144 

of Praemurica uncinata, and 377.24 mbsf, by the first occurrence of Morozovella 145 

angulata. 146 

The P3a Subzone [Morozovella angulata - Igorina albeari Interval Subzone (Berggren 147 

et al., 1995)] was recognized between the depths of 377.24 mbsf, first occurrence of148 

Morozovella angulata, and of 363.24 mbsf, first occurrence of the Igorina albeari. The 149 

P3b Subzone [Igorina albeari-Globanomalina pseudomenardii Interval Subzone 150 

(Berggren et al., 1995)] begins at 363.24 mbsf, first occurrence of Igorina albeari, and 151 

extends until the top of the section at 314.35 mbsf, due to the absence of forms typical 152 

for the P4 Zone (Globanomalina pseudomenardii).153 

 154 

4.2 Planktinic foraminiferal distribuition 155 

156 

In this study, the main planktonic foraminifera lineages that would originate the 157 

Globigerinina family in the Paleocene were recognized (Fig. 4). Four lineages belong to 158 

normal perforate groups (Olsson et al., 1992; Olsson et al., 1999) and the other three to 159 

microperforate ones (Liu and Olsson, 1992; Fig.8; pg.337). For the normal perforate 160 

species, we recognized: (i) a lineage with spines and cancellated texture, represented by 161 

the genera Eoglobigerina, Parasubbotina and Subbotina (Globigerinidae); (ii) a 162 
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nonspinose lineage with a premuricate texture (cancellated), represented by the genera163 

Praemurica and Igorina (Truncorotaloididae); (iii) a nonspinose lineage with a smooth 164 

texture, represented by the genus Globanomalina (Hedbergellidae); (iv) a nonspinose 165 

lineage with a muricate texture, represented by the genera Acarinina and Morozovella166 

(Truncorotaloididae). For the lineage with microperforate species, we recognized: (i) a 167 

lineage with a smooth surface, with blunt pustules and perforation cones, triserial to 168 

biserial, represented by the genera Woodringina-Guembelitria (Guembelitriidae) and 169 

Chiloguembelina (Chiloguembelinidae); (ii) Globoconusa (Guembelitriidae), hispid, 170 

with blunt to sharp-pointed pustules and trochoid to trilobate; (iii) a lineage with a 171 

pustulated to smooth surface with a trochospiral chamber arrangement, represented by 172 

the genus Parvularugoglobigerina (Guembelitriidae). The principal species recovered at 173 

the studied site and used in this work are illustrated on Figure 5. 174 

The abundace, characterized by the different number of species per sample. show little 175 

variation thoughout the Paleocene section on site 356, with values varying between 12 176 

and 18 for the interval. The Shannon-Wiener diversity index (H’) depends on the 177 

number of taxa recognized and their relative abundance (Hammer and Harper, 2006). 178 

This index is defined by the equation H’=Σpilnpi, where pi corresponds to the 179 

proportion of each species in the assembly. Thoughout the section, the Shannon-Wiener 180 

(H’) values show an average of 2.835, with a minimum value of 1.3310 at a depth of 181 

411.20 mbsf and a maximum value of 2.6180 at a depth of 318.74 mbsf. The lowest 182 

Shannon-Wiener (H’) values were found in the interval that encompasses the base of the 183 

section, in the Pα biozone, with values between 1.3310 and 2.1360 (average of 1.7962). 184 

Equability (J) is a distribution index in which normalized values of the Shannon-185 

Wiener's (H’) diversity index are applied, which oscillate between zero (when a species 186 

dominates the assembly) and one (when all assembly species show the same relative 187 
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abundance). This index is defined by the equation J=H’/Hmax (Hammer and Harper, 188 

2006). The equability values (J) throughout the section have a maximum variation of 189 

0.9299 at depth 321.74 mbsf and a minimum value of 0.4801 at depth 411.20 mbsf, 190 

with an average of 0.8542 throughout the section. A low equitability index (J) can be 191 

seen at the section's base, Pα biozone (avarege of 0.6428), with a maximum value of 192 

0.7887 and a minimum of 0.4801. The Shannon-Wiener (H’) and equability (J) diversity 193 

indexes displayed a large positive correlation (r=0.8498) throughout site 356, which 194 

allows the inference of an equal distribution of the relative abundances in this section. 195 

The distribution pattern of the planktonic foraminifera species in site 356 shows a 196 

dominance of forms with normal perforate texture (Fig. 6). However, at the base of the 197 

base (Pα zone; Danian), a predominance of microperforate forms can be seen, with 198 

pattern similar to the one observed by Koutsoukos (1996 and 2014) for the South 199 

Atlantic. In the interval of the base of the Daniano, the dominant microperforate forms 200 

belong to the Guembelitriidae family, which are described as: “surface texture 201 

microperforate, smooth to pustulous; when present, pustules or small mounds generally 202 

perforated by one or more pores (“pore mounds”) (Guembelitria,203 

Parvularugoglobigerina, Woodringina) or peripherally associated with pores 204 

(Globoconusa) (pg. 77; Olsson et al., 1999). A number of microperforate forms that 205 

survived the K/Pg limit were recognized on site 356, such as: Zeauvigerina 206 

waiparaensis, Rectoguembelina cretacea and Guembelitria cretacea, the latter 207 

considered the predecessor of a large number of microperforate forms of the Cenozic 208 

(Liu and Olsson, 1992). The occurrence of Rectoguembelina cretacea, between samples 209 

385.24 mbsf and 371.90 mbsf (Zone P2), was also verified on site 1253 by Birch 210 

(2013), in the eastern portion of the South Atlantic. Genera with smooth textures, such 211 

as Chiloguembelina, represented by the Ch. midwayensis and Ch. morsei species, and of 212 



10 

 

Woodringina, represented by Wo. hornerstownensis and Wo. claytonensis, show a 213 

positive correlation in their abundance pattern with the Guembelitria genus, which is 214 

abundant in the base of the Daniano (Zone Pα) between samples 411.75 mbsf and 215 

410.77 mbsf. Globocunusa dedjaouaensis, characterized by a smooth texture with sharp 216 

pustules, show a continuous recovery throughout all of the Daniano, from the K/Pg limit 217 

to the P2 zone, whose last occurrence can be observed at the depth of 380.76 mbsf. 218 

The normal perforate are the most abundant group throughout site 356. At the K/Pg 219 

limit, a large part of the trochospiral foraminifera went extinct, surviving only 220 

Hedbergella homdellensis and H. mondmoutehsis, which were responsible for the 221 

subsequent evolutionary radiation of the foraminifera throughout the Paleocene (Olsson 222 

et al., 1999). In the interval that encompasses the Danian, the first forms that gave rise 223 

to the subsequent evolutionary radiation of the Cenozoic can be seen (Koutsoukos, 1996 224 

and 2014; Aze et al., 2011; Birch et al., 2012). However, in site 356 site, only the 225 

progenitor forms were recovered, with the two others survivors of the K/Pg being 226 

absent, from which the Hedbergellidae (Globanomalina), Truncorotaloididae 227 

(Praemurica, Igorina, Acarinina and Morozovella) and Globigerinidae (Eoglobigerina, 228 

Parasubbotina and Subbotina) families were recognized. 229 

Occurrences of Hedbergellidae were registered throughout the whole section, between 230 

Pα and P3b (Danian to Seladian). In the Danian, the firstforms of this family, are seen in 231 

the Pα zone, represented by the species Globanomalina archaeocompressa, Gl. imitata,232 

Gl. planocompressa and Gl. compressa, the latter, with its first occurrence at the base of 233 

the P1c biozone (a marker of this biozone). At the Seladian interval, in biozones P3a 234 

and P3b, were recognized the species Globanomalina chamani and Gl. ehrenbergi,235 

demonstrating the same pattern seen in the global occurrences of these taxa (Olsson et 236 

al. 1999). However, according to Koutsoukos (2014; pg.137), the almost complete 237 
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absence of Globanomalina in the Daniano “indicates that their early evolutions took 238 

place in different paleogeographic region”, which can be observed in other sections of 239 

the lower Danian of the South Atlantic, like Koutsoukos (1996) and Koutsoukos (2014), 240 

and this study. 241 

The Truncorotaloididae family shows a continuum recovery throughout the whole 242 

studied section. The first recognized forms from this family belong to the Praemurica243 

(Pr. nikolasi, Pr. taurica, Pr. pseudoinconstans, Pr. inconstans, Pr. uncinata) genus and 244 

were also observed by Koutsoukos (2014) for the K/Pg - P1c zone interval. The species 245 

Praemurica nikolasi was recognized by Koutsoukos (2014) in the Campos basin (west 246 

of the South Atlantic), between the biozones Pα and P1c (Danian), could also be 247 

observed in this stufy, confirming the stratigraphic range of this species. The largest 248 

amount of Truncorotaloididae taxa can be seen from the P2 zone onwards, with the first 249 

appearance of Morozovella praeangulata and, afterwards, in the P3a zone (Seladian), 250 

with the presence of keeled forms like: Morozovella angulata, Mo. velascoensis, Mo. 251 

apanthesma, Mo. conicotruncana and Mo. aclusa. The Igorina (Ig. albeari, Ig. pusilla252 

and Ig. tadjaensis) and Acarinina (Ac. strabocella) genus had their first occurrences in 253 

the Seladian, which shows a pattern similar to the global distribution of these taxa 254 

(Olsson et al., 1999; Quillevere and Norris, 2003). 255 

The Globigerinidae family have a continuous occurence throughout site 356. The 256 

Eoglobigerina (E. edita, E. eubulloides and E. spiralis) genus, represents the first spined 257 

forms of this family, occurring throughout he Cenozoic. In this study, Eoglobigerina258 

was identified from the Pα zone to the P2 zone, between the depths 411.75 mbsf and 259 

380.76 mbsf. Subbotina and Parasubbotina also show a continuous recovery throughout 260 

the whole section. Subbotina trivialis and S. triloculinoides were recognized in the 261 

Danian interval. In the Seladian, were recognized Su. velascoensis and Su. triangularis.262 
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The genus Parasubbotina, characterized by its cancellate carapace with spines and a 263 

low spiral, shows a continuous recovery throughout the whole Daniano interval 264 

(Parasubbotina varianta and. Pa. pseudobulloides). On the Seladian, forms with an 265 

elevated spiral were recognized, such as Parasubbotina varioespira, with their first 266 

occurrence at a depth of 374.27 mbsf, in the P3a zone.267 

 268 

4.3 Paleoecological and Paleoceanographic inferences 269 

 270 

Planktonic foraminifera species and/or genera are vertically distributed in the water 271 

column, inhabiting different depths, which allows for numerous paleoecological and/or 272 

paleoceanographic interpretations (Hemleben et al., 1989). Interpretations of the pelagic 273 

system are based on the compilation of isotopic signal data (δ
18

O and δ
13

C) on the 274 

carapace of planktonic foraminifera. This method allows for the identification of which 275 

ecological niche in the water column the planktonic foraminifera inhabit [mix layer, 276 

thermocline or sub-thermocline (Aze et al., 2001)]. 277 

Based on the data collected from isotopic signatures on carapaces (Aze et al., 2011; 278 

Olsson et al., 1999; Boersma et al., 1979; D'Hondt and Zachos, 1993; Liu and Olsson, 279 

1992; Boerma and Premoli Silva, 1983; Huber and Boersma, 1994), the planktonic 280 

foraminifera studied ins this paper were included in four specifics groups (Table 1): (i) 281 

Mix-layer, with photosymbionts; (ii) Mix-layer; (iii) thermocline; (vi) sub-thermocline. 282 

The forms with a preference for shallow pelagic waters (shallower pelagic dwellers) 283 

inhabit the mix-layer, while deep water forms (deeper pelagic dwellers) inhabit the 284 

thermocline and sub-thermocline (Aze et al., 2011). 285 
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From the vertical distribution of the species in the water column and their relationship 286 

with symbiotic organisms, it was possible to observe three distinct distribution patterns 287 

in the planktonic foraminifera assemblage (Fig. 7): (i) the first one occurs in the lower 288 

part of the section (biozone Pα), where forms that inhabit the shallower portions of the 289 

water column predominate (mix-layer), represented mainly by microperforate forms 290 

(eg. Guembelitria cretacea); (ii) the second, between biozones P1 and P2, with a 291 

progressive increase in forms that inhabit the lower portions of the water column in the 292 

thermocline and sub-thermocline; (iii) the third, from biozone P2 onwards, extending to 293 

biozone P3, where an abundance in forms that inhabit the lower portions of the water 294 

column can be seen, alongside the first abundant occurrence of mix-layer forms with 295 

photosymbionts (eg. Igorina, Morozovella and Acarinina).296 

Within the Parvularuglobigerina eugubina (Pα) Zone (lower Paleocene – Danian), in 297 

the interval comprising samples between 411.75 mbsf and 410.77 mbsf (Fig. 8), 298 

assemblages are dominated by microperforate forms, including the families 299 

Guembelitriidae (Globoconusa, Guembelitria, Parvularugoglobigerina and300 

Woodringina) and Chiloguembelinidae (Chiloguembelina). Guembelitriidae species 301 

usually inhabit surface waters within the mixed layer (Aze et al., 2011), while 302 

Chiloguembelinidae species prefer deeper (thermocline) waters.303 

Furthermore, this interval records the dominance of Guembelitria cretacea, which is an 304 

opportunistic species able to survive during periods of drastic changes in the marine 305 

ecosystem (Kroon and Nederbragt, 1990). This dominance of Guembelitria cretacea306 

may imply the occurrence of eutrophic surface waters after the K/Pg event, being in 307 

accordance to previous observations in the South Atlantic Ocean (Koutzoukos, 1996, 308 

2014; Birch, 2011), Bidart section (France - Gallala et al., 2009), Gurpi Formation (SW 309 

Iran - Beiranvand and Ghasemi-Nejad, 2013) and Elles II section (Tunisia - Keller et al., 310 
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2002). We recognized the predecessors of Cenozoic forms, with smooth tests without 311 

spines (Globanomalina), cancellate tests without spines (Praemurica) and cancellate 312 

tests with spines (Eoglobigerina, Parasubbotina e Subbotina). According to Hemleben 313 

et al. (1991), the evolution of spines occurred during the Cenozoic as this group moved 314 

to a new niche and changed to a carnivorous feeding strategy. Within this interval at 315 

Site 356, there are few spinous species that inhabit deeper segments of the water column 316 

(e.g., thermocline), further suggesting reduced stratification and/or eutrophic conditions.317 

Planktonic foraminiferal assemblages of the Zones P1a and P2 (lower to upper 318 

Paleocene – Danian), with samples ranging from 410.77 mbsf and 380.76 mbsf (Fig. 8), 319 

show a decline in the abundances of microperforate forms and a progressive dominance 320 

of normally perforate cancellate forms with spines assigned to the family 321 

Globigerinidae (Parasubbotina and Subbotina). Besides Globigerinidae, normally 322 

perforate cancellate forms without spines, assigned to the family Truncorotaloididae 323 

(Praemurica), are also abundant. Stable oxygen isotope (δ
18

O) measurements on 324 

Subbotina and Parasubbotina specimens with different test sizes reveal a positive 325 

correlation between sizes and δ
18

O values, suggesting a preference for deeper niches in 326 

the water column (Birch et al., 2012). These genera probably maintained a relatively 327 

constant depth habitat within or below the thermocline (Pearson et al., 1993; D’Hondt et 328 

al., 1994; Norris, 1996; Quillévéré et al., 2001; Coxall et al., 2007). We also identified 329 

an increase in abundance of the genus Globanomalina, probably a deeper/thermocline 330 

dweller (Olsson et al., 1999; Aze et al., 2011). The increase in abundance of 331 

Chiloguembelina and normally perforate forms with spines, such as Subbotina and 332 

Parasubbotina, suggests an enhanced and stable water column stratification and meso-333 

to oligotrophic conditions during this interval at Site 356.334 
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Within Subzones P3a and P3b, between 377.24 mbsf and 314.35 mbsf (Fig. 8), 335 

planktonic foraminiferal assemblages show increased abundances of deep dwelling 336 

(mixed layer) species, such as Acarinina [nonspinose, cancellate wall, no keel, strongly 337 

muricate (Olsson et al., 1999; pg. 15)], Igorina [nonspinose, thick and crusted wall, 338 

keeled in advanced forms (Olsson et al., 1999; pg. 15)] and Morozovella [nonspinose, 339 

conical chambers, muricate wall (Olsson et al., 1999; pg. 15)]. All these genera are 340 

assigned to the family Truncorotaloididae (Bergger and Norris, 1997; Olsson et al., 341 

1999).342 

Stable isotope measurements of Morozovella, Acarinina and Igorina tests, which are 343 

abundant in Subzones P3a and P3b, suggest that these taxa maintained symbiosis with 344 

chrysophytes and dinoflagellates (in analogy with modern planktonic foraminifera) 345 

during the middle Paleocene (Norris, 1996). Evolution to this new ecologic strategy 346 

must have been gradual, but the subsequent rapid radiartion of symbiotic species 347 

suggests that it allowed the ‘‘muricate’’ group to diversify into an expanding ecologic 348 

opportunity typified by food-poor oligotrophic pelagic environments at low latitudes 349 

(Norris, 1996; D’Hondt and Zachos, 1998; Coxall et al., 2006; Fuqua et al., 2008; Birch 350 

et al., 2012).351 

A similar pattern of increased abundances and diversity of Morozovella, Acarinina and 352 

Igorina was also observed in other sections spanning the Danian/Seladian transition, as 353 

for instance in the South Atlantic Ocean (Coxall et al., 2006; Birch et al., 2012), North 354 

Atlantic and Pacific Oceans (Berggren and Norris, 1997) and sections in Spain 355 

(Arenillas and Molina, 1995, 1997). In this interval at Site 356, increased abundances of 356 

deep dwellers, such as Subbotina and Parasubbotina, and forms that maintained357 

photosymbiots, such as Acarinina, Morozovella and Igorina, suggest a well stratified 358 
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water column and oligotrophic conditions, as well as the total recovery of the nutrient 359 

cycle in the pelagic realm following the K/Pg event.360 

361 

5. Discussions 362 

 363 

The study of the planktonic foraminifera of Site 356, allowed for the definition of three 364 

intervals with different faunal tendencies and dominance, which show the recovery of 365 

the pelagic marine ecosystem, which was heavily affected by the K/T extinction event. 366 

On the first levels of the Danian, in the Pα biozone, the distribution and dominance of 367 

Guembelitria cretacea suggest a poorly stratified water column, under eutrophic 368 

conditions. In the interval between P1a and P2, a progressive tendency towards 369 

mesotrophic to oligotrophic conditions can be seen. At the top of the section, stratified 370 

and oligotrophic water column conditions dominate. The paleoceanographic scenario 371 

proposed for this section is similar to the remarks made by Koutsoukos (1996) for the 372 

Potiguar basin (Brasil). 373 

The Truncorotaloididae family shows a rapid evolutionary radiation between biozones 374 

P2 and P3a. In the P2 biozone there is the first record of the genus Morozovella, the first 375 

photosymbiotic genera of the Cenozoic, which shows the recovery of the nutrients level 376 

in the water column. In the P3a biozone, there is a diversification of the genus 377 

Morozovella and the first appearance of Acarinina and Igorina, photosymbiotic genera 378 

and inhabitants of the superficial portions of the water column. Rare are the marine 379 

sedimentary sections in the South Atlantic that cover this time interval (between P2 and 380 

P3b), such as Site 1262 (Birch et al, 2012) and Site 528 (Coxall et al., 2006), both 381 
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located in the east portion (Walvis Ridge) of this ocean. These two sections show a 382 

clear similarity with the results found in this work, with a progressive recovery and 383 

diversification of the planktonic foraminifer fauna, from biozone P2 onwards. 384 

Considering the progressive recovery of the pelagic ecosystem, heavily affected by the 385 

events of the K/Pg boundary, it was possible to recognize two pulses of faunal 386 

variations in this section. The first, in the section's lower portion (Pα biozone), is 387 

characterized by the dominance of microperforate forms, typical of a mix-layer 388 

environment. The second, between biozones P2 and P3a, is characterized by the 389 

appearance of mix-layer normal perforate forms with the presence of photosymbionts, 390 

as well as an abundance of species that inhabit the lower portions of the water column. 391 

These results are in agreement with the ones found by Coxall et al., (2006), in Sites 528 392 

(Walvis Ridge; South Atlantic) and 577 (Shatsky Rise; Western North Pacific). Coxall 393 

et al. (2006), based on δ
18

O and δ
13

C, suggest two biochemical and evolutionary 394 

recovery stages: (Coxall et al., 2006; pg. 298) “(1) rapid initial phase, which established 395 

basic test shapes and generic diversity but had relatively low species diversity, and (2) a 396 

delayed second phase, which peaked ~ 4 m.y. after the extinction and contributed 397 

further important Paleogene lineages and returned Paleocene diversity to close to pre-398 

extinction levels”. In this work, it was not possible to recognize the first marine 399 

recovery phase observed by Coxall et al. (2006) in the initial stages after the K/Pg 400 

extinction event, likely due to the absence of this time interval at the base of the Danian. 401 

The second recovery phase was initially observed between the depth 381.24 mbsf and 402 

the top of the section, at 314.35 mbsf, evidenced by the faunal diversification and the 403 

appearance of photosymbiotic forms, such as Acarinina and Morozovella. 404 

At the base of the section (Pα biozone), there is an abundance of microperforate 405 

specimes. In this biozone, the lowest Shannow-Wienner (H') and equitability (J) values 406 
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were found, related to the dominance of Guembelitria cretacea and of microperforate 407 

forms, which suggest that, for this interval, the water column was poorly stratified, and 408 

eutrophic conditions predominated. The eutrophication of the surface waters in the 409 

beginning of the Danian may have inhibited the appearance of taxons with 410 

photosymbionts in the photic zone, which favored the proliferation of the first omnivore 411 

and/or carnivore forms. In this context, the development of spines in Eoglobigerina412 

supports the development of a carnivorous diet for this taxon (Hemleben et al., 1991). 413 

Similarly to the development of spines, the origin of the cancellate wall structure at the 414 

Danian likely lies in the modification of the wall texture in response to a rapid 415 

ecological adaptation to different habitats (Olsson et al., 1992). 416 

The progressive recovery of the pelagic ecosystem can be seen between biozones P1a 417 

and P2. Throughout the Danian, the quick appearance of new spinous genera, which 418 

inhabit the deepest portion of the column (thermocline and subthermocline), can be 419 

seen, such as Subbotina e Parasubbotina. In the interval that covers biozones P1 and 420 

P2, there is a progressive increase of forms that occupy deep water niches, under 421 

eutrophic to oligotrophic water column conditions. From the Danian/Seladian transition, 422 

between biozones P2 and P3a, a total recovery of marine conditions can be seen, with 423 

oligotrophic conditions in the water column and an increase of photosymbionts in 424 

planktonic foraminifera, related to the appearance of new genera and abundant forms 425 

(Fig. 9).426 

 427 

6. Concluding remarks 428 

 429 
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Based on the identification of the planktonic foraminifer fauna, seven biozones (zones 430 

and subzones) were recognized in Site 356. In the Danian, the following biozones were 431 

recognized: Pα (Parvularugoglobigerina eugubina Taxon-range Zone), P1a 432 

(Parasubbotina pseudobulloides Partial-range Subzone), P1b (Subbotina triloculinoides 433 

Lowest-occurrence Subzone) P1c (Globanomalina compressa/Praemurica inconstans434 

Lowest-occurrence Subzone) and P2 (Praemurica uncinata Lowest-occurrence Zone). 435 

Biozone (P0), that corresponds to the base of the Paleocene (Danian), was absent. In the 436 

Seladian interval the subzones P3a (Morozovella angulata -Igorina albeari interval 437 

subzone) and P3b (Igorina albeari-Globanomalina pseudomenardii interval subzone)438 

were recognized. 439 

The quantitative analysis of the planktonic foraminifer assemblage allowed for the 440 

recognition of a series of evolutionary speciation events that took place after the K/Pg 441 

extinction. Normal perforate forms that survived the K/Pg limit, such as Hedbergella 442 

monmouthensis and Hd. Holmdelensis, were not found in Site 356. Throughout the 443 

section, it was possible to recognize all microperforate (Chiloguembelinidae, 444 

Guembelitriidae and Heterohelicidae) and normal perforate (Hedberguellidae, 445 

Globigerinidae e Truncorotaloididae) families, which are the progenitors of the 446 

planktonic foraminifera fauna of the Cenozoic. 447 

Considering the planktonic foraminifera fauna recovered in this material, it is possible 448 

to distinguish three levels where there is a change in the abundance and ecology of the 449 

pelagic biota. The first, after the K/Pg event, is in the Pα biozone, between depths 450 

411.75 mbsf and 410.77 mbsf, shown by the predominance of forms that inhabit the 451 

superficial portions of the water column (mix-layer), represented mainly by 452 

microperforate ones (eg. Guembelitria cretacea), which suggest a poorly stratified water 453 

mass with eutrophic water column conditions. A second phase, between biozones P1a 454 
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and P2 (between 409.25 mbsf and 380.76 mbsf), can be seen by the progressive increase 455 

of forms that inhabit the lower portions of the water column (in the thermocline and 456 

sub-thermocline), which suggest a progressive recovery of the pelagic ecosystem and 457 

the development of a stratified water column with mesotrophic conditions. A third pulse 458 

(between 377.24 mbsf and 314.35 mbsf), from biozones P2 and P3, can be observed, 459 

with the predominance of forms that inhabit the lower portions of the water column, as 460 

well as the first abundant occurrence of mix-layer forms with photosymbionts, such as 461 

Morozovella, Acarinina and Igorina, which suggest oligotrophic conditions for the 462 

water column and the reestablishment of the nutrient cycle in the marine pelagic 463 

environment for this portion of the South Atlantic.464 

465 

Appendix A. List of identified taxa. 466 

467 

Taxonomic list of all planktonic foraminifera to Paleocene recognizad in the Site 468 

356, arranged in paleontological systematic. The generic and specific consepts follow 469 

Liu & Olsson (1992) and Olsson et al. (1999), information given in the Paleocene 470 

Planktonic Foraminiferal Taxonomic Dictionary 471 

(http://portal.chronos.org/gridsphere/gridsphere?cid=res_foram).472 

Acarinina strabocella (Loeblich and Tappan, 1957)  473 

Chiloguembelina midwayensis (Cuhsman, 1940) 474 

Chiloguembelina morsei (Kline, 1943) 475 

Chiloguembelina subtriangularis (Beckmann, 1957) 476 

Eoglobigerina edita (Subbotina, 1953)477 

Eoglobigerina eobulloides (Morozova, 1959) 478 
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Eoglobigerina spiralis (Bolli, 1957) 479 

Globanomalina archeocompressa (Blow, 1979)  480 

Globanomalina compressa (Plummer, 1926)  481 

Globanomalina ehrenbergi (Bolli, 1957)  482 

Globanomalina imitata (Subbotina, 1953)  483 

Globanomalina planocompressa (Shutskaya, 1965)  484 

Globoconusa daubjergensis (Brönnimann,1953) 485 

Guembelitria cretacea Cushman, 1933 486 

Igorina albeari (Cushman and Bermúdez, 1949) 487 

Igorina pusilla (Bolli, 1957)488 

Igorina tadjikistanensis (Bykova, 1953) 489 

Morozovella acutispira (White, 1928)490 

Morozovella angulata (White, 1928)  491 

Morozovella apanthesma (Loeblich and Tappan, 1957)  492 

Morozovella conicotruncata (Subbotina, 1947)  493 

Morozovella praeangulata (Blow, 1979)  494 

Morozovella velascoensis (Cushman, 1925)  495 

Parasubbotina pseudobulloides (Plummer, 1926) 496 

Parasubbotina varianta (Subbotina, 1953) 497 

Parasubbotina varioespira (Belford, 1984) 498 

Parvularugoglobigerina alabamensis (Liu & Olsson, 1992) 499 

Parvularugoglobigerina eugubina (Luterbacher & Premoli Silva, 1964) 500 

Parvularugoglobigerina longiapertura Blow, 1979501 

Praemurica nikolasi (Koutsoukos, 2014) 502 

Praemurica inconstans (Subbotina, 1953) 503 
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Praemurica pseudoinconstans (Blow, 1979) 504 

Praemurica taurica (Morozova, 1961) 505 

Praemurica uncinata (Bolli, 1957) 506 

Rectoguembelina cretacea Cushman, 1932 507 

Subbotina trivialis (Subbotina, 1953) 508 

Subbotina triangularis (White, 1928) 509 

Subbotina velascoensis (Cushman, 1925) 510 

Subbotina triloculinoides (Plummer, 1926) 511 

Woodringina claytonensis Loeblich & Tappan, 1957 512 

Woodringina hornerstownensis Olsson, 1960 513 

Woodringina irregularis (Morozova, 1961) 514 

Zeauvigerina waiparaensis (Jenkins, 1965) 515 

516 
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Table 1. Paleoecological significance of recognized species from the DSDP Site 356. 668 

*Isotope data reference: Shackleton et al. (1985)
1
, D'hondt et al. (1994)

2
, Aze et al.669 

(2011)
3
, Berggren & Norris (1997)

4
, Lu & Keller (1996)

5
, Boersma & Premoli Silva 670 

(1983)
6
, D'Hondt & Zachos (1993)

7
, Olsson et al. (1999)

8
, Pearson et al. (2001)

9
, Coxall 671 

et al. (2000)
10

and Huber & Boersma (1994)
11

.
A
Biogeographic distribuition follow 672 

Olsson et al. (1999) and Koutsoukos (2014)
12

.673 

Taxa/groups Biogeographic distribuition
A *Habitat

Acarinina strabocella
(3)

Mid-latitudes
Mix-layer with 

photosymbiosis

Chiloguembelina midwayensis
(6,7)

Low to mid-latitudes Thermocline

Chiloguembelina morsei
(6,7)

Low to mid-latitudes Thermocline

Chiloguembelina subtriangularis
(6,7)

Low to mid-latitudes Thermocline

Eoglobigerina edita 
(3)

Cosmopolitan Thermocline

Eoglobigerina eobulloides 
(4,7)

Cosmopolitan Thermocline

Eoglobigerina spiralis
(3)

Cosmopolitan Thermocline

Globanomalina archeocompressa
(3)

Common in South Atlantic Thermocline

Globanomalina compressa
(8)

Cosmopolitan Thermocline

Globanomalina ehrenbergi
(3) Cosmopolitan, more common 

in low to mid-latitudes
Thermocline

Globanomalina imitata
(3)

Common in South Atlantic Thermocline

Globanomalina planocompressa
(8) Mid to low-latitudes, common 

in North hemisfere
Thermocline

Globoconusa daubjergensis
(6) Abundant in high latitudes, 

rare in low latitudes
Thermocline

Guembelitria cretacea
(11)

Cosmopolitan Mix-layer

Igorina albeari
(3) Tropical to Subtropical 

latitudes

Mix-layer with 

photosymbiosis

Igorina pusilla
(3)

Low to mid-latitudes
Mix-layer with 

photosymbiosis

Igorina tadjikistanensis
(4)

Low to mid-latitudes
Mix-layer with 

photosymbiosis

Morozovella acutispira
(4)

Low to mid-latitudes
Mix-layer with

photosymbiosis

Morozovella angulata
(1,6)

Low to mid-latitudes
Mix-layer with 

photosymbiosis

Morozovella apanthesma
(4,5) Mid to mid-latitudes, common 

in North hemisfere

Mix-layer with 

photosymbiosis

Morozovella conicotruncata
(4,6)

Low latitudes
Mix-layer with 

photosymbiosis

Morozovella praeangulata
(1)

Low to mid-latitudes
Mix-layer with 

photosymbiosis
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Morozovella velascoensis
(4)

Low to mid-latitudes
Mix-layer with 

photosymbiosis

Parasubbotina pseudobulloides
(4,7)

Cosmopolitan
Sub-

thermocline

Parasubbotina varianta
(8,9)

Cosmopolitan Thermocline

Parasubbotina varioespira 
(8,9)

Low latitudes Thermocline

Parvularugoglobigerina 

alabamensis
(7,8) Low to mid-latitudes Mix-layer

Parvularugoglobigerina eugubina
(7,8) Low to mid-latitudes Mix-layer

Parvularugoglobigerina 

longiapertura
Not dada Not data

Praemurica nikolasi
Low to mid-latutudes in South 

Atlantic
12 Not data

Praemurica inconstans
(4,6)

Cosmopolitan Mix-layer

Praemurica pseudoinconstans
(3)

Low to mid-latitudes Mix-layer

Praemurica taurica
(4,7)

Cosmopolitan Mix-layer

Praemurica uncinata
(1,4)

Low to mid-latitudes Mix-layer

Rectoguembelina cretacea 
(11)

Low to mid-latitudes Mix-layer

Subbotina trivialis
(10)

Cosmopolitan Thermocline

Subbotina triangularis
(2,10)

Low to mid-latitudes Thermocline

Subbotina velascoensis
(4,10)

Cosmopolitan Thermocline

Subbotina triloculinoides
(4,10)

Cosmopolitan Thermocline

Woodringina claytonensis
(8) Abundant in low latitudes, 

rare in mid latitudes
Mix-layer

Woodringina hornerstownensis 
(7,8)

High to low-latitudes Mix-layer

Woodringina irregularis 
(11)

Not data Mix-layer

Zeauvigerina waiparaensis
(11)

Not data Thermocline

674 

Figure captions 675 

676 

Fig. 1. Paleogeographic reconstruction for K/T boundary (modified from 677 

www.paleomap.scotesse.gov/eu) presenting the inferred location of DSDP Site 356 678 

(São Paulo Plateau, Brazil). 679 

 680 

Fig. 2. Identified biostratigraphic intervals on site 356 between the Danian and Seladian, 681 

with their respective depths and bioevents, calibrated according to Gradstein et al.682 
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(2012). Zonal scheme from Berggen et al. (1995). Abbreviations for the biozones:  “P” 683 

= Paleocene; “P. haria.” = Pseudoguembelina hariaensis; Abbreviations for the genera: 684 

Pv. = Parvularugoglobigerina; W. = Woodringina; C. = Chiloguembelina; Z. =685 

Zeauvigerina; Go. = Globononusa; Gu. = Guembelitria; E. = Eoglobigerina; P. =686 

Parasubbotina; S. = Subbotina; G. = Globanomalina; Pr. = Praemurica; M. =687 

Morozovella; I. = Igorina; A. = Acarinina.688 

 689 

Fig. 3. Selected species from DSDP Site 356: 1a-c. Parvularugoglobigerina eugubina690 

(356-29-2, 95-97cm; 410.25 mbsf) Zone Pα. 2a-c (ULVG-11736). Parasubbotina 691 

pseudobulloides (356-28-6, 76-77.5cm; 407.26 mbsf) Subzone P1a (ULVG-11737). 3a-692 

c. Subbotina triloculinoides (356-27-3, 77-79cm; 393.27 mbsf) Subzone P1b (ULVG-693 

11738). 4a-c. Globanomalina compressa (356-26-6, 77-77.5cm; 386.77 mbsf) Subzone 694 

P1c (ULVG-11739). 5a-c. Praemurica inconstans (356-26-5, 77-78cm; 386.77 mbsf)695 

Subzone P1c (ULVG-11740). 6a-c. Praemurica uncinata (356-26-2, 74-78cm; 391.77 696 

mbsf) Zone P2 (ULVG-11741). 7a-c. Morozovella angulata (356-25-2, 75-77cm;697 

372.75 mbsf) Subzone P3a (ULVG-11742). 8a-c. Igorina albeari (356-23-4, 74-698 

75.5cm; 356.74 mbsf) Subzone P3b (ULVG-11743). Scale bar =100µm.699 

700 

Fig. 4. Distribution pattern of the planktonic foraminifera families in site 356 and 701 

Shannon-Winner (H') and equitability (J) diversity indexes. Microperforate forms are 702 

represented by the Hedbergellidae, Truncorotaloididae and Globigerinidae families. 703 

Relative abundance curve of the microperforate species.704 

 705 
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Fig. 5. Select species from DSDP Site 356: 1. 1a-c. Parvularugoglobigerina 706 

longiapertura (356-29-2, 120-123cm; 411.20 mbsf) Zone Pα (ULVG-11744). 2a. 707 

Rectoguembelina cretacea (356-26-2, 74-78cm; 381.24 mbsf) Zone P2 (ULVG-11745).708 

3a-b. Woodringina claytonensis (356-28-4, 7677.5cm; 404.26 mbsf) Subzone P1a 709 

(ULVG-11746). 4a. Guembelitria cretacea (356-29-2, 145-148cm; 411.45 mbsf) Zone 710 

Pα (ULVG-11747). 5a-b. Globoconusa daudjergensis (356-27-1, 74-76 cm; 390.24711 

mbsf) Subzone P1c (ULVG-11748). 6a-b. Chiloguembelina midwayensis (356-29-2,712 

145-148cm; 411.45 mbsf) Subzone P1c (ULVG-11749). 7a-c. Praemurica nikolasi713 

(356-27-1, 74-76 cm; 390.24 mbsf) Subzone P1c (ULVG-11750). 8a-c. Globanomalina714 

planocompressa (356-28-4, 7677.5cm; 404.26 mbsf) Subzone P1a (ULVG-11751). 9a-715 

c. Igorina pusilla (356-23-2, 74.76.5 cm; 353.74 mbsf) Subzone P3a (ULVG-11752).716 

10a-c. Morozovella velascoensis (356-23-2, 74.76.5 cm; 353.74 mbsf) Subzone P3a717 

(ULVG-11753). 11a-c. Parasubbotina varioespira (356-21-3, 74-76 cm; 336.24 mbsf)718 

Subzone P3b (ULVG-11754). 12a-b. Subbotina triangularis (356-21-3, 74-76 cm; 719 

336.24 mbsf) Subzone P3b (ULVG-11755). 13a-c. Eoglobigerina edita (356-28-4,720 

7677.5cm; 404.26 mbsf) Subzone P1a (ULVG-11756). Scale bar =100µm.721 

722 

Fig. 6. Distribution of the normal perforate planktonic foraminifer genera found in Site 723 

356. Forms with spines of the Globigerinidae family (Eoglobigerina, Parasubbotina724 

and Subbotina), nonspinose forms with smooth texture of the Hedbergellidae family 725 

(Globanomalina) and nonspinose muricate forms and/or cancellate texture 726 

Truncorotaloididae (Praemurica, Acarinina, Morozovella and Igorina) (Olsson et al.727 

1999).728 

 729 
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Fig. 7. Distribution pattern of the planktonic foraminifer fauna according to the depth of 730 

their habitat. (i) mix-layer, with symbionts, and (ii) mix-layer, are superficial waters731 

(shallower pelagic dwellers), and (iii) is thermocline and sub-thermocline (deeper 732 

pelagic dweellrs). Data based in the compilation of isotopic data.733 

734 

Fig. 8. Schematic distribution and relative abundance of selected planktonic 735 

foraminifera water-depth habitats. The black area is planktonic foraminifera to inhabited 736 

to mix-layer, light gray to mix-layer with photosimbiont (shallower pelagic dwellers)737 

and dark gray dark is species inhabited to thermocline and subthermocline (deeper 738 

pelagic dweellrs). Inferred after stage isotope data from Shackleton et al. (1985), 739 

D'hondt et al. (1994), Aze et al. (2011), Berggren & Norris (1997), Lu & Keller (1996), 740 

Boersma & Premoli Silva (1983), D'Hondt & Zachos (1993), Olsson et al. (1999), 741 

Pearson et al. (2001), Coxall et al. (2000) and Huber & Boersma (1994). Abbreviations 742 

for the biozones:  “P” = Paleocene; “P. haria.” = Pseudoguembelina hariaensis;743 

Abbreviations for the genera: Pv. = Parvularugoglobigerina; W. = Woodringina; C. =744 

Chiloguembelina; Z. = Zeauvigerina; Go. = Globononusa; Gu. = Guembelitria; E. =745 

Eoglobigerina; P. = Parasubbotina; S. = Subbotina; G. = Globanomalina; Pr. =746 

Praemurica; M. = Morozovella; I. = Igorina; A. = Acarinina.747 

748 

Fig. 9. Schematic diagram summarizing the patterns trends to planktonic foraminifera 749 

assemblage and ecological and/or oceanographic changes in the Paleocene.750 

751 

752 
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39 

 

761 

Figure 5. 762 
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Highlights 781 

· Site 356 enables to reconstruct Paleocene planktonic foraminiferal evolution 782 

· Diversity indexes evidence instability in the water column near the K/Pg boundary 783 

· Evolutionary trends point to a late Paleocene recovery of marine ecosystem 784 
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