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Data Repository Material: Symbiont ‘bleaching’ in planktic foraminifera during the Middle 
Eocene Climatic Optimum by Edgar et al.

Data Repository Figure DR1. δ18O versus mean sieve size trends in planktic foraminifera at ODP Sites 
1051 and 748 across the MECO. Abbreviations are: Acar. = Acarinina spp; Glob.  = Globigeri-
natheka spp; Moro. = Morozovelloides crassatus and Subb. = Subbotina spp. Different shaped sym-
bols indicates measurements from different samples. δ18O-size related trends are shown for four 
different timeslices (rather than three as in Fig. 2) to distinguish between pre- and initial-MECO 
conditions. At Site 748, there is a clear offset in absolute δ18O values between inferred surface 
(Acarinina and Globigerinatheka) and thermocline dwelling taxa (Subbotina) across the MECO 
providing little support for Acarinina or Globigerinatheka occupying a deeper position in the water 
column during the MECO. At Site 1051, it is more difficult to assess any changes in the relative 
depth ordering of taxa across the MECO. Perhaps, in part, becuase of the multiple species of Globi-
gerinatheka and Subbotina combined for isotope analysis but also because of potential diagenetic 
alteration of δ18O isotope values at this site. [Site 748 planktic foraminifer are likely less suseptible 
to diagenetic alteration becuase of weaker vertical thermal water column gradients at higher 
latitudes]. We note that δ13C values are more resiliant to diagenetic alteration and there is little differ-
ence in values reported between ‘glassy’ and ‘frosty’ foraminifer (e.g., Pearson et al., 2001; Sexton 
et al., 2006). The overall  reduced δ18O offsets between taxa and lower test size-δ18O gradients  at Site 
748 than at Site 1051 are most easily explained by the presence of a less thermally stratified water 
column at high latitude. Note the different y-axis values between ODP Sites 1051 and 748. 
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Data Repository Figure DR2. δ13C and δ18O-mean sieve size related trends in planktic foraminifera in individual 
samples at ODP Site 1051 across the MECO. Different coloured symbols represent different genera of planktic 
foraminifera: Acarinina topilensis = solid red diamonds; Morozovelloides crassatus = solid purple triangles; 
Globigerinatheka spp = open green circles and Subbotina spp = solid blue squares. The globigerinathekids typi-
cally show a negative sieve size-δ18O gradient reflecting as they sink through the water column towards the end 
of their life cycle and precipitate a thick clacite crust (gametogenic calcite) from water with more positive δ18O 
values than the surface waters that they originally precipiated their test from.
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Data Repository Figure DR3. δ13C and δ18O-mean sieve size related trends in planktic foraminifera in individual 
samples at ODP Site 748 across the MECO. Different coloured   symbols represent different planktic foramin-
ifera: Acarinina primitiva = solid  diamonds; Globigerinatheka index = open  circles and Subbotina spp = solid 
squares. 
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Data Repository Figure DR4 - Scanning electron microscope images from ODP Sites 1051 and 
748 illustrating species concepts adopted in this study. Planktic foraminifera are ‘frosty’ not 
‘glassy’ indicating some diagenetic alteration but are free of infilling. Scale bars are 100 µm 
in a-h and 10 µm in i.  a. Acarinina primitiva, Sample 748B 19H-2, 127-129 cm. b and c. 
Globigerinatheka index, Sample 748B 19H-2, 127-129 cm. d. Morozovelloides crassatus, 
Sample 1051B 8H-6, 5-7 cm. e and f. Acarinina topilensis, Sample 1051B 8H-6, 5-7 cm. g 
and h. Acarinina praetopilensis, Sample 1051B 8H-6, 5-7 cm. i. close up of A. topilensis wall 
texture, Sample 1051B 8H-6, 5-7 cm. A. topilensis sensu stricto (e) is restricted to large size 
fractions, thus in this study we have adopted a broad species concept for A. topilensis that 
includes less elaborate morphological forms that fall within A. praetopilensis.

a b c

fed

g h i



Sample Depth 
(mbsf)

CK95* 
Age (Ma)  

Taxon † Sieve size fraction 
(microns)

δ13C 
VPDB

δ18O 
VPDB

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 300-355 3.704 -1.104
1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 250-300 3.370 -1.046
1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 212-250 2.865 -0.946
1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 180-212 2.891 -0.919

1051A-8H-6, 5-7 cm 69.14 39.90 Morozovelloides crassatus 250-300 3.261 -1.379
1051A-8H-6, 5-7 cm 69.14 39.90 Morozovelloides crassatus 212-250 2.915 -1.030
1051A-8H-6, 5-7 cm 69.14 39.90 Morozovelloides crassatus 180-212 2.794 -1.130
1051A-8H-6, 5-7 cm 69.14 39.90 Morozovelloides crassatus 150-180 2.532 -1.082

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 355-400 3.043 -1.452
1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 300-355 2.731 -1.451
1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 250-300 2.324 -1.435
1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 212-250 2.002 -1.604
1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 180-212 1.489 -1.807

1051A-8H-6, 5-7 cm 69.14 39.90 Subbotina spp 300-355 1.455 -0.333
1051A-8H-6, 5-7 cm 69.14 39.90 Subbotina spp 250-300 1.243 -0.241
1051A-8H-6, 5-7 cm 69.14 39.90 Subbotina spp 212-250 1.205 -0.273
1051A-8H-6, 5-7 cm 69.14 39.90 Subbotina spp 180-212 1.515 -0.271

1051B-9H-5, 5-7 cm 77.35 40.05 Acarinina topilensis 250-300 2.573 -0.907
1051B-9H-5, 5-7 cm 77.35 40.05 Acarinina topilensis 212-250 2.528 -0.882
1051B-9H-5, 5-7 cm 77.35 40.05 Acarinina topilensis 180-212 2.459 -0.708

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 300-355 2.948 -1.197
1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 250-300 2.704 -0.775
1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 212-250 2.590 -0.702
1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 180-212 2.374 -0.668
1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 150-180 2.080 -0.858

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 355-400 2.130 -0.959
1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 300-355 2.004 -1.786
1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 250-300 2.299 -0.959
1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 212-250 1.911 -1.380
1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 180-212 1.335 -1.407

1051B-9H-5, 5-7 cm 77.35 40.05 Subbotina spp 250-300 1.248 -0.388
1051B-9H-5, 5-7 cm 77.35 40.05 Subbotina spp 212-250 1.263 -1.163
1051B-9H-5, 5-7 cm 77.35 40.05 Subbotina spp 180-212 1.080 -0.923

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 300-355 3.276 -0.697
1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 250-300 2.922 -0.740
1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 212-250 2.936 -0.010
1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 180-212 1.821 -1.944

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 400-450 3.458 -0.713
1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 355-400 3.095 -1.152
1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 250-300 2.904 -0.865
1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 212-250 2.062 -1.914
1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 180-212 2.404 -0.803
1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 150-180 1.797 -1.086

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 400-450 2.543 -1.251
1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 355-400 2.604 -0.853
1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 300-355 2.398 -0.844
1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 250-300 2.187 -1.041
1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 212-250 1.847 -1.238
1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 180-212 1.392 -1.283

1051B-9H-6, 75-77 cm 79.47 40.16 Subbotina spp 355-400 1.670 -0.273
1051B-9H-6, 75-77 cm 79.47 40.16 Subbotina spp 300-355 1.499 -0.385
1051B-9H-6, 75-77 cm 79.47 40.16 Subbotina spp 250-300 1.490 -0.170
1051B-9H-6, 75-77 cm 79.47 40.16 Subbotina spp 212-250 1.909 0.308
1051B-9H-6, 75-77 cm 79.47 40.16 Subbotina spp 180-212 1.480 -0.165

TABLE DR1. PLANKTIC FORAMINIFERAL SIZE FRACTION-δ13C AND δ18O  DATA FROM ODP SITE 1051



1051B-11H-4, 45-47 cm 92.25 40.4 Acarinina topilensis 355-400 3.821 -1.621
1051B-11H-4, 45-47 cm 92.25 40.4 Acarinina topilensis 300-355 3.332 -1.512
1051B-11H-4, 45-47 cm 92.25 40.4 Acarinina topilensis 250-300 3.384 -1.093
1051B-11H-4, 45-47 cm 92.25 40.4 Acarinina topilensis 212-250 2.808 -1.187
1051B-11H-4, 45-47 cm 92.25 40.4 Acarinina topilensis 180-212 2.831 -0.805

1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 300-355 3.294 -1.066
1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 250-300 3.104 -0.410
1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 212-250 2.730 -1.234
1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 180-212 2.607 -0.891
1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 150-180 2.158 -0.880

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 355-400 2.762 -0.958
1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 300-355 2.554 -0.880
1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 250-300 2.151 -1.160
1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 212-250 1.905 -1.312
1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 180-212 1.562 -1.473

1051B-11H-4, 45-47 cm 92.25 40.40 Subbotina spp 300-355 1.535 -0.669
1051B-11H-4, 45-47 cm 92.25 40.40 Subbotina spp 250-300 1.407 -0.693
1051B-11H-4, 45-47 cm 92.25 40.40 Subbotina spp 212-250 1.562 -0.373
1051B-11H-4, 45-47 cm 92.25 40.40 Subbotina spp 180-212 1.117 -0.352

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 355-400 3.299 -0.472
1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 300-355 3.299 -0.340
1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 250-300 2.994 -0.200
1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 212-250 2.675 -0.511
1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 180-212 2.152 -0.521

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 300-355 2.880 -0.521
1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 250-300 2.562 -0.899
1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 212-250 2.504 -0.728
1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 180-212 2.349 -0.453
1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 150-180 2.174 -0.430

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 300-355 2.754 -0.859
1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 250-300 2.200 -0.671
1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 212-250 2.079 -0.225
1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 180-212 1.218 -1.182

1051A-12H-3, 131.5-133 cm 105.12 40.78 Subbotina spp 400-450 1.524 -0.254
1051A-12H-3, 131.5-133 cm 105.12 40.78 Subbotina spp 355-400 1.393 -0.223
1051A-12H-3, 131.5-133 cm 105.12 40.78 Subbotina spp 300-355 1.193 -0.091
1051A-12H-3, 131.5-133 cm 105.12 40.78 Subbotina spp 250-300 1.360 -0.261
1051A-12H-3, 131.5-133 cm 105.12 40.78 Subbotina spp 212-250 1.328 -0.149
1051A-12H-3, 131.5-133 cm 105.12 40.78 Subbotina spp 180-212 1.590 -0.088

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 300-355 3.330 -0.682
1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 250-300 3.195 -0.512
1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 212-250 2.632 -0.682
1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 180-212 2.482 -0.706

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 300-355 2.580 -0.706
1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 250-300 2.687 -0.780
1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 212-250 2.960 -0.504
1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 180-212 2.865 -0.329
1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 150-180 2.475 -0.537

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 300-355 2.427 -0.658
1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 250-300 2.405 -0.723
1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 212-250 1.759 -0.811
1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 180-212 1.442 -1.141

1051B-13H-5, 63-66 cm 111.43 40.87 Subbotina spp 250-300 1.186 -0.050
1051B-13H-5, 63-66 cm 111.43 40.87 Subbotina spp 212-250 1.718 -0.295

    *CK95 = Age scale of Cande and Kent (1995).
   †A broad species concept was adopted for A. topilensis (see Fig. DR4).



Sample Depth 
(mbsf)

CK95* 
Age (Ma)  

Taxon Sieve size 
fraction 

(microns)

δ13C 
VPDB

Average 
δ13C VPDB

δ18O 
VPDB

Average 
δ18O VPDB

748B-18H-7, 23-25 cm 161.33 39.35 Acarinina primitiva 300-355 3.01 -0.12
748B-18H-7, 23-25 cm 161.33 39.35 Acarinina primitiva 250-300 3.19 -0.02
748B-18H-7, 23-25 cm 161.33 39.35 Acarinina primitiva 212-250 2.84 0.01
748B-18H-7, 23-25 cm 161.33 39.35 Acarinina primitiva 180-212 2.55 0.00
748B-18H-7, 23-25 cm 161.33 39.35 Acarinina primitiva 150-180 2.39 0.07

748B-18H-7, 23-25 cm 161.33 39.35 Globigerinatheka index >425 3.18 0.16
748B-18H-7, 23-25 cm 161.33 39.35 Globigerinatheka index 355-425 2.98 0.44
748B-18H-7, 23-25 cm 161.33 39.35 Globigerinatheka index 300-355 2.91 0.42
748B-18H-7, 23-25 cm 161.33 39.35 Globigerinatheka index 250-300 2.77 0.40
748B-18H-7, 23-25 cm 161.33 39.35 Globigerinatheka index 212-250 2.66 0.22
748B-18H-7, 23-25 cm 161.33 39.35 Globigerinatheka index 180-212 2.55 0.28
748B-18H-7, 23-25 cm 161.33 39.35 Globigerinatheka index 150-180 2.33 0.22

748B-18H-7, 23-25 cm 161.33 39.35 Subbotina spp. 355-425 1.88 0.77
748B-18H-7, 23-25 cm 161.33 39.35 Subbotina spp. 300-355 1.87 0.75
748B-18H-7, 23-25 cm 161.33 39.35 Subbotina spp. 250-300 1.88 0.79
748B-18H-7, 23-25 cm 161.33 39.35 Subbotina spp. 212-250 1.82 0.81
748B-18H-7, 23-25 cm 161.33 39.35 Subbotina spp. 180-212 1.81 0.66
748B-18H-7, 23-25 cm 161.33 39.35 Subbotina spp. 150-180 1.74 0.54

748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 250-300 2.79 0.07
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 250-300 2.86 2.91 0.10 0.04
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 250-300 3.07 -0.05
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 212-250 2.81 -0.06
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 212-250 2.97 2.83 -0.19 -0.15
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 212-250 2.88 -0.24
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 212-250 2.66 -0.10
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 180-212 2.47 0.19
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 180-212 2.46 0.07
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 180-212 2.52 2.55 -0.14 0.00
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 180-212 2.65 -0.01
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 180-212 2.63 -0.11
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 150-180 2.21 -0.03
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 150-180 2.33 2.37 -0.07 -0.06
748B-18H-7, 32-34 cm 161.42 39.36 Acarinina primitiva 150-180 2.58 -0.08

748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 355-425 2.74 0.38
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 355-425 2.97 2.85 0.25 0.31
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 355-425 2.85 0.30
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 300-355 2.73 0.31
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 300-355 2.77 2.79 0.39 0.33
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 300-355 2.94 0.29
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 300-355 2.70 0.34
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 250-300 2.73 0.36
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 250-300 2.73 2.69 0.19 0.30
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 250-300 2.61 0.35
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 212-250 2.34 0.40
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 212-250 2.54 2.50 0.23 0.27
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 212-250 2.63 0.20
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 180-212 2.42 2.44 0.17 0.11
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 180-212 2.47 0.12
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 180-212 2.44 0.04
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 150-180 2.08 0.30
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 150-180 2.25 2.24 0.13 0.15
748B-18H-7, 32-34 cm 161.42 39.36 Globigerinatheka index 150-180 2.41 0.01

748B-18H-7, 32-34 cm 161.42 39.36 Subbotina spp. 250-300 1.67 0.63
748B-18H-7, 32-34 cm 161.42 39.36 Subbotina spp. 250-300 1.69 1.70 0.69 0.67
748B-18H-7, 32-34 cm 161.42 39.36 Subbotina spp. 250-300 1.75 0.67
748B-18H-7, 32-34 cm 161.42 39.36 Subbotina spp. 212-250 1.69 0.65
748B-18H-7, 32-34 cm 161.42 39.36 Subbotina spp. 212-250 1.69 1.69 0.67 0.66
748B-18H-7, 32-34 cm 161.42 39.36 Subbotina spp. 212-250 1.70 0.65
748B-18H-7, 32-34 cm 161.42 39.36 Subbotina spp. 180-212 1.47 1.59 0.64 0.58

TABLE DR2. PLANKTIC FORAMINIFERAL SIZE FRACTION-δ13C AND δ18O DATA FROM ODP SITE 748



748B-18H-7, 32-34 cm 161.42 39.36 Subbotina spp. 180-212 1.67 0.54
748B-18H-7, 32-34 cm 161.42 39.36 Subbotina spp. 180-212 1.69 0.50
748B-18H-7, 32-34 cm 161.42 39.36 Subbotina spp. 180-212 1.53 0.65
748B-18H-7, 32-34 cm 161.42 39.36 Subbotina spp. 150-180 1.54 1.57 0.39 0.42
748B-18H-7, 32-34 cm 161.42 39.36 Subbotina spp. 150-180 1.59 0.46

748B-19H-2, 127-129 cm 164.37 40.04 Acarinina primitiva 300-355 2.10 -0.26
748B-19H-2, 127-129 cm 164.37 40.04 Acarinina primitiva 250-300 2.25 -0.38
748B-19H-2, 127-129 cm 164.37 40.04 Acarinina primitiva 212-250 1.95 -0.41
748B-19H-2, 127-129 cm 164.37 40.04 Acarinina primitiva 180-212 1.94 -0.52
748B-19H-2, 127-129 cm 164.37 40.04 Acarinina primitiva 150-180 1.86 -0.65

748B-19H-2, 127-129 cm 164.37 40.04 Globigerinatheka index 355-425 1.98 -0.27
748B-19H-2, 127-129 cm 164.37 40.04 Globigerinatheka index 355-400 1.99 -0.38
748B-19H-2, 127-129 cm 164.37 40.04 Globigerinatheka index 300-355 1.94 2.06 -0.38 -0.35
748B-19H-2, 127-129 cm 164.37 40.04 Globigerinatheka index 300-355 2.17 -0.32
748B-19H-2, 127-129 cm 164.37 40.04 Globigerinatheka index 250-300 1.78 -0.32
748B-19H-2, 127-129 cm 164.37 40.04 Globigerinatheka index 212-250 1.92 -0.34
748B-19H-2, 127-129 cm 164.37 40.04 Globigerinatheka index 180-212 1.85 -0.23
748B-19H-2, 127-129 cm 164.37 40.04 Globigerinatheka index 150-180 1.40 -0.43

748B-19H-2, 127-129 cm 164.37 40.04 Subbotina spp. 300-355 1.00 -0.21
748B-19H-2, 127-129 cm 164.37 40.04 Subbotina spp. 250-300 1.10 -0.32
748B-19H-2, 127-129 cm 164.37 40.04 Subbotina spp. 212-250 1.28 -0.16
748B-19H-2, 127-129 cm 164.37 40.04 Subbotina spp. 180-212 1.20 -0.18
748B-19H-2, 127-129 cm 164.37 40.04 Subbotina spp. 150-180 1.25 -0.24

748B-19H-3, 31-33 cm 164.91 40.08 Acarinina primitiva 300-355 2.07 -0.40
748B-19H-3, 31-33 cm 164.91 40.08 Acarinina primitiva 250-300 1.92 -0.42
748B-19H-3, 31-33 cm 164.91 40.08 Acarinina primitiva 212-250 1.81 -0.59
748B-19H-3, 31-33 cm 164.91 40.08 Acarinina primitiva 180-212 1.90 -0.47
748B-19H-3, 31-33 cm 164.91 40.08 Acarinina primitiva 150-180 1.80 -0.38

748B-19H-3, 31-33 cm 164.91 40.08 Globigerinatheka index >400 2.24 -0.33
748B-19H-3, 31-33 cm 164.91 40.08 Globigerinatheka index 355-400 2.02 -0.40
748B-19H-3, 31-33 cm 164.91 40.08 Globigerinatheka index 300-355 1.83 -0.36
748B-19H-3, 31-33 cm 164.91 40.08 Globigerinatheka index 250-300 1.79 -0.35
748B-19H-3, 31-33 cm 164.91 40.08 Globigerinatheka index 212-250 1.76 -0.30
748B-19H-3, 31-33 cm 164.91 40.08 Globigerinatheka index 180-212 1.87 -0.40
748B-19H-3, 31-33 cm 164.91 40.08 Globigerinatheka index 150-180 1.76 -0.19
748B-19H-3, 31-33 cm 164.91 40.08 Globigerinatheka index 125-150 1.49 -0.20

748B-19H-3, 31-33 cm 164.91 40.08 Subbotina spp. 300-355 1.12 -0.14
748B-19H-3, 31-33 cm 164.91 40.08 Subbotina spp. 250-300 1.22 -0.03
748B-19H-3, 31-33 cm 164.91 40.08 Subbotina spp. 212-250 1.18 0.12
748B-19H-3, 31-33 cm 164.91 40.08 Subbotina spp. 180-212 1.31 0.00
748B-19H-3, 31-33 cm 164.91 40.08 Subbotina spp. 150-180 1.27 -0.13

748B-19H-3, 103-105 cm 165.63 40.13 Acarinina primitiva 300-355 2.11 -0.14
748B-19H-3, 103-105 cm 165.63 40.13 Acarinina primitiva 250-300 1.86 -0.15
748B-19H-3, 103-105 cm 165.63 40.13 Acarinina primitiva 212-250 1.93 -0.18
748B-19H-3, 103-105 cm 165.63 40.13 Acarinina primitiva 180-212 2.10 -0.34
748B-19H-3, 103-105 cm 165.63 40.13 Acarinina primitiva 150-180 2.21 -0.63
748B-19H-3, 103-105 cm 165.63 40.13 Acarinina primitiva 125-150 2.08 -0.50

748B-19H-4, 103-105 cm 167.13 40.24 Acarinina primitiva 300-355 2.27 0.24
748B-19H-4, 103-105 cm 167.13 40.24 Acarinina primitiva 250-300 1.89 0.04
748B-19H-4, 103-105 cm 167.13 40.24 Acarinina primitiva 180-212 1.78 0.10
748B-19H-4, 103-105 cm 167.13 40.24 Acarinina primitiva 150-180 1.84 0.23
748B-19H-4, 103-105 cm 167.13 40.24 Acarinina primitiva 125-150 1.99 -0.16

748B-19H-5, 71-73 cm 168.31 40.30 Acarinina primitiva 300-355 2.04 0.12
748B-19H-5, 71-73 cm 168.31 40.30 Acarinina primitiva 250-300 1.94 0.11
748B-19H-5, 71-73 cm 168.31 40.30 Acarinina primitiva 212-250 1.94 0.07
748B-19H-5, 71-73 cm 168.31 40.30 Acarinina primitiva 180-212 1.90 0.00
748B-19H-5, 71-73 cm 168.31 40.30 Acarinina primitiva 150-180 1.75 0.14

748B-19H-6, 55-57 cm 169.65 40.38 Acarinina primitiva 300-355 2.06 0.03
748B-19H-6, 55-57 cm 169.65 40.38 Acarinina primitiva 250-300 2.03 0.11
748B-19H-6, 55-57 cm 169.65 40.38 Acarinina primitiva 212-250 1.79 0.08



748B-19H-6, 55-57 cm 169.65 40.38 Acarinina primitiva 180-212 1.95 -0.29
748B-19H-6, 55-57 cm 169.65 40.38 Acarinina primitiva 150-180 1.62 0.09
748B-19H-6, 55-57 cm 169.65 40.38 Acarinina primitiva 125-150 1.72 0.19

748B-20H-1, 16-18 cm 171.26 41.41 Acarinina primitiva 300-355 1.93 0.42
748B-20H-1, 16-18 cm 171.26 41.41 Acarinina primitiva 250-300 1.85 0.22
748B-20H-1, 16-18 cm 171.26 41.41 Acarinina primitiva 212-250 1.63 0.25
748B-20H-1, 16-18 cm 171.26 41.41 Acarinina primitiva 180-212 1.46 0.29
748B-20H-1, 16-18 cm 171.26 41.41 Acarinina primitiva 150-180 1.37 -0.14

748B-20H-1, 16-18 cm 171.26 41.41 Globigerinatheka index 355-400 2.52 0.12
748B-20H-1, 16-18 cm 171.26 41.41 Globigerinatheka index 300-355 2.46 -0.06
748B-20H-1, 16-18 cm 171.26 41.41 Globigerinatheka index 250-300 2.23 0.05
748B-20H-1, 16-18 cm 171.26 41.41 Globigerinatheka index 212-250 1.90 0.15
748B-20H-1, 16-18 cm 171.26 41.41 Globigerinatheka index 180-212 1.80 0.16
748B-20H-1, 16-18 cm 171.26 41.41 Globigerinatheka index 150-180 1.38 0.23

748B-20H-1, 16-18 cm 171.26 41.41 Subbotina spp. 300-355 1.15 0.53
748B-20H-1, 16-18 cm 171.26 41.41 Subbotina spp. 250-300 1.25 0.40
748B-20H-1, 16-18 cm 171.26 41.41 Subbotina spp. 212-250 1.16 0.39
748B-20H-1, 16-18 cm 171.26 41.41 Subbotina spp. 180-212 1.20 0.50
748B-20H-1, 16-18 cm 171.26 41.41 Subbotina spp. 150-180 0.95 0.39

748B-20H-3, 76-78 cm 174.86 41.79 Acarinina primitiva 300-355 1.57 -0.32
748B-20H-3, 76-78 cm 174.86 41.79 Acarinina primitiva 250-300 1.25 -0.32
748B-20H-3, 76-78 cm 174.86 41.79 Acarinina primitiva 212-250 0.92 1.01 -0.27 -0.24
748B-20H-3, 76-78 cm 174.86 41.79 Acarinina primitiva 212-250 1.11 -0.21
748B-20H-3, 76-78 cm 174.86 41.79 Acarinina primitiva 180-212 0.85 0.89 -0.26 -0.30
748B-20H-3, 76-78 cm 174.86 41.79 Acarinina primitiva 180-212 0.92 -0.33
748B-20H-3, 76-78 cm 174.86 41.79 Acarinina primitiva 150-180 0.79 -0.44

748B-20H-3, 76-78 cm 174.86 41.79 Globigerinatheka index 355-400 1.60 -0.38
748B-20H-3, 76-78 cm 174.86 41.79 Globigerinatheka index 300-355 1.39 -0.36
748B-20H-3, 76-78 cm 174.86 41.79 Globigerinatheka index 250-300 1.37 -0.35
748B-20H-3, 76-78 cm 174.86 41.79 Globigerinatheka index 212-250 1.17 -0.28
748B-20H-3, 76-78 cm 174.86 41.79 Globigerinatheka index 180-212 1.14 -0.31
748B-20H-3, 76-78 cm 174.86 41.79 Globigerinatheka index 150-180 0.81 -0.31

748B-20H-3, 76-78 cm 174.86 41.79 Subbotina spp. 300-355 0.33 -0.01
748B-20H-3, 76-78 cm 174.86 41.79 Subbotina spp. 250-300 0.56 -0.03
748B-20H-3, 76-78 cm 174.86 41.79 Subbotina spp. 212-250 0.50 -0.08
748B-20H-3, 76-78 cm 174.86 41.79 Subbotina spp. 180-212 0.54 -0.05
748B-20H-3, 76-78 cm 174.86 41.79 Subbotina spp. 150-180 0.68 0.02

    *CK95 = Age scale of Cande and Kent (1995).



Sample Depth 
(mbsf)

CK95* 
Age 
(Ma)  

CK95 Age 
(Ma)  from 

Bohaty et al., 
2009

Acarinina spp† 
(Δδ13C/100 
microns)

Morozovelloides 
crassatus 

(Δδ13C/100 microns)

Globigerinatheka 
spp§ (Δδ13C/100 

microns)

Subbotina spp 
(Δδ13C/100 
microns)

Interval

1051A-8H-6, 5-7 cm 69.14 39.90  - 0.68 0.63 0.83 0.00 Post-MECO

1051B-9H-5, 5-7 cm 77.35 40.05  - 0.14 0.50 0.34 0.20 Peak MECO

1051B-9H-6, 75-77 cm 79.47 40.16  - 0.95 0.75 0.49 0.01 Initial' MECO

1051B-11H-4, 45-47 cm 92.25 40.40  - 0.55 0.67 0.66 0.23 Initial' MECO

1051A-12H-3, 131.5-133 cm 105.1 40.78  - 0.62 0.40 1.06 0.00 Initial' MECO

1051B-13H-5, 63-66 cm 111.4 40.87  - 0.70 0.00 0.80  - Pre-MECO

748B-18H-7, 23-25 cm 161.33 39.40 39.35 0.44  - 0.27 0.03 Post-MECO

748B-18H-7, 32-34 cm 161.42 39.41 39.36 0.51  - 0.29 0.15 Post-MECO

748B-19H-2, 127-129 cm 164.37 40.09 40.04 0.19  - 0.19 -0.15 Peak MECO

748B-19H-3, 31-33 cm 164.91 40.13 40.08 0.14  - 0.18 -0.14 Peak MECO

748B-19H-3, 103-105 cm 165.63 40.18 40.13 0.07  -  -  - Peak MECO

748B-19H-4, 103-105 cm 167.13 40.29 40.24 0.15  -  -  - Initial' MECO?

748B-19H-5, 71-73 cm 168.31 40.35 40.30 0.15  -  -  - Initial' MECO?

748B-19H-6, 55-57 cm 169.65 40.43 40.38 0.21  -  -  - Initial' MECO?

748B-20H-1, 16-18 cm 171.26 41.46 41.41 0.37  - 0.52 -0.03 Pre-MECO

748B-20H-3, 76-78 cm 174.86 41.84 41.79 0.47  - 0.32 -0.16 Pre-MECO

   Note: All δ13C/100 micron values are calculated independently for each taxon in every sample using linear regression and multiplying the resulting 

  gradient by 100.

   *CK95 = Age scale of Cande and Kent (1995).

    †Acarinina topilensis and Acarinina primitiva analysed at ODP Sites 1051 and 748, respectively.

    §Globigerinatheka index analysed at ODP Site 748.

TABLE DR3.  CHANGE IN THE GRADIENT OF CARBON ISOTOPES WITH SIZE (δ13C/100 MICRONS) OF PLANKTIC FORAMINIFERA



Sample Species Age (Ma)  Δδ13C/100 microns Data source

384, 11H-1, 128-136 cm Morozovella angulata Paleocene 0.55 Norris, 1996

384, 10H-CC Morozovella conicotruncata Paleocene 0.54 Norris, 1996

384, 6H-1, 30-32 cm Morozovella velascoensis Paleocene 0.74 Norris, 1996

384, 3H-4, 60-62 cm Morozovella acutaspira Paleocene 0.54 Norris, 1996

384, 6H-1, 30-32 cm Acarinina mckanni Paleocene 0.88 Norris, 1996

758A, 28-4, 24-26 cm Morozovella subbotinae Paleocene 0.46 D'Hondt et al., 1994

758A, 28-4, 24-26 cm Morozovella velascoensis Paleocene 0.35 D'Hondt et al., 1994

758A, 28-4, 24-26 cm Acarinina nitida Paleocene 0.62 D'Hondt et al., 1994

BOFS 31K Globigerinoides ruber (white) Modern 0.31 Elderfield et al., 2002

BOFS 31K Globigerinoides ruber (pink) Modern -0.13 Elderfield et al., 2002

BOFS 31K Globigerinoides sacculifer Modern 0.67 Elderfield et al., 2002

BOFS 31K Orbulina universa Modern 0.54 Elderfield et al., 2002

61BC, 0-1 cm Globigerinoides ruber (pink) Modern 0.48 Bornemann and Norris, 2007

61BC, 0-1 cm Globigerinoides sacculifer Modern 0.41 Bornemann and Norris, 2007

KNR110, 1-3 cm Globigerinoides sacculifer Modern 0.42 Bornemann and Norris, 2007

   Note: All δ13C/100 micron values are calculated independently for each taxon in every sample using  linear regression and multiplying the resulti- 

ng gradient by 100. For consistency and to avoid kinetic effects on δ13C values at small test sizes we only use sieve size factions from >180 

microns. Based on test size-δ13C gradients alone, the Paleogene muricates and globigerinethekids were acquiring and using symbionts in a similar 

manner and as effectively as modern cancellate spinose forms. However, we note that as highlighted in this study, test size-d13C gradients are 

likely to vary spatially and through time.

TABLE DR4.  CHANGE IN THE TEST SIZE-δ13C GRADIENT (δ13C/100 MICRONS) OF MODERN AND PALEOGENE PLANKTIC FORAMINIFERA 



Sample Depth (mbsf) CK95* Age 
(Ma)  

Taxon† Maximum test 
diameter (microns)

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 580

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 537

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 512

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 509

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 506

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 506

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 504

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 486

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 481

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 478

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 468

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 465

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 465

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 459

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 458

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 449

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 431

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 426

1051A-8H-6, 5-7 cm 69.14 39.90 Acarinina topilensis 402

1051A-8H-6, 5-7 cm 69.14 39.90 Morozovelloides crassatus 498

1051A-8H-6, 5-7 cm 69.14 39.90 Morozovelloides crassatus 489

1051A-8H-6, 5-7 cm 69.14 39.90 Morozovelloides crassatus 468

1051A-8H-6, 5-7 cm 69.14 39.90 Morozovelloides crassatus 444

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 411

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 403

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 403

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 402

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 401

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 397

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 396

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 395

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 395

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 393

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 393

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 391

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 389

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 388

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 386

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 386

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 384

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 383

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 372

1051A-8H-6, 5-7 cm 69.14 39.90 Globigerinatheka spp 359

1051B-9H-5, 5-7 cm 77.35 40.05 Acarinina praetopilensis-topilensis 411

1051B-9H-5, 5-7 cm 77.35 40.05 Acarinina praetopilensis-topilensis 374

TABLE DR5. MAXIMUM TEST DIAMETER OF PLANKTIC FORAMINIFERA  AT ODP SITE 1051



1051B-9H-5, 5-7 cm 77.35 40.05 Acarinina praetopilensis-topilensis 306

1051B-9H-5, 5-7 cm 77.35 40.05 Acarinina praetopilensis-topilensis 282

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 561

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 553

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 545

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 521

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 511

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 505

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 504

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 504

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 504

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 501

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 496

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 489

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 480

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 479

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 479

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 477

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 476

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 460

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 458

1051B-9H-5, 5-7 cm 77.35 40.05 Morozovelloides crassatus 433

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 667

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 603

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 574

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 569

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 563

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 542

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 541

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 541

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 539

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 535

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 532

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 530

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 509

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 476

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 453

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 448

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 437

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 426

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 426

1051B-9H-5, 5-7 cm 77.35 40.05 Globigerinatheka spp 418

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 541

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 503

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 497

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 489

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 473

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 472

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 463

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 462



1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 459

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 451

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 450

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 449

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 448

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 447

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 444

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 443

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 442

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 441

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 441

1051B-9H-6, 75-77 cm 79.47 40.16 Acarinina topilensis 440

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 544

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 503

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 498

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 489

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 475

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 472

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 463

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 460

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 459

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 452

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 451

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 450

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 447

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 447

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 444

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 443

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 442

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 441

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 440

1051B-9H-6, 75-77 cm 79.47 40.16 Morozovelloides crassatus 439

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 646

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 639

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 637

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 637

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 628

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 620

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 619

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 614

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 611

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 604

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 604

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 588

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 587

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 562

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 544

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 540

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 517

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 479

1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 470



1051B-9H-6, 75-77 cm 79.47 40.16 Globigerinatheka spp 455

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 588

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 542

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 538

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 528

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 506

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 506

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 495

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 494

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 480

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 471

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 461

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 460

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 456

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 438

1051B-11H-4, 45-47 cm 92.25 40.40 Acarinina topilensis 431

1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 529

1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 526

1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 519

1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 519

1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 506

1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 503

1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 501

1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 494

1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 487

1051B-11H-4, 45-47 cm 92.25 40.40 Morozovelloides crassatus 478

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 495

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 412

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 411

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 406

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 404

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 403

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 396

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 395

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 393

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 391

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 389

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 388

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 388

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 384

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 384

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 384

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 378

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 378

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 378

1051B-11H-4, 45-47 cm 92.25 40.40 Globigerinatheka spp 377

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 617

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 614

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 596



1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 590

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 585

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 578

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 578

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 574

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 570

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 567

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 563

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 556

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 550

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 548

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 547

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 543

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 543

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 540

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 539

1051A-12H-3, 131.5-133 cm 105.12 40.78 Acarinina topilensis 538

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 558

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 523

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 516

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 506

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 504

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 497

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 496

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 496

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 495

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 492

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 490

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 485

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 483

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 482

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 480

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 474

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 474

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 473

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 472

1051A-12H-3, 131.5-133 cm 105.12 40.78 Morozovelloides crassatus 472

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 729

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 663

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 642

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 597

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 418

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 413

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 401

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 397

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 396

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 395

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 386

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 385

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 384

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 377



1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 376

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 376

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 370

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 368

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 367

1051A-12H-3, 131.5-133 cm 105.12 40.78 Globigerinatheka spp 363

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 571

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 538

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 534

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 513

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 507

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 505

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 501

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 499

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 497

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 494

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 477

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 476

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 475

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 464

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 462

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 461

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 459

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 457

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 453

1051B-13H-5, 63-66 cm 111.43 40.87 Acarinina topilensis 436

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 546

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 506

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 502

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 499

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 495

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 482

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 478

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 473

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 467

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 465

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 462

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 462

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 461

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 461

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 458

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 457

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 454

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 453

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 444

1051B-13H-5, 63-66 cm 111.43 40.87 Morozovelloides crassatus 443

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 389

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 389

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 389

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 386



1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 384

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 381

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 380

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 380

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 379

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 379

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 378

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 367

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 363

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 362

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 361

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 360

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 359

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 355

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 353

1051B-13H-5, 63-66 cm 111.43 40.87 Globigerinatheka spp 352

    Note: All test size measurements were made using Image ProPlus software.

   *CK95 = Age scale of Cande and Kent (1995).

   †A broad species concept was adopted for A. topilensis (see Fig. DR4).
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