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SUPPLEMENTARY TABLE 1. Purity of heavy liquid (phytolith) yields estimated by comparing relative abundances of different types of

phytoliths, other biogenic silica, and non-biogenic silica.

TABLE 1A. Heavy liquid yield (dry weight) expressed as (mass extract)/(mass sample) (%), and numeric (unweighted)
composition of heavy liquid yields expressed as proportion (%) in number of particles of different origin.

Numeric (unweighted) composition (%)
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NE LS25 4357 23 08 42 94 00 "135 00 38 21 59 128 101 03 233 10 10 00 21 347 188 17 552 ' 427 288
LS24* 4358 23 35 00 04 00 "04 00 04 00 04 11 36 04 50 18 07 00 25 573 324 21 9187 57 281
LS26 4359 5-5.5 22 51 143 07 "202 00 88 18 107 103 202 07 313 07 26 04 37 195 129 18 3427 621 272
LS27 4360 5-5.5 17 92 88 04 "184 00 107 15 121 191 103 1.1 305 29 26 00 55 213 103 18 3357 610 272
LS5* 4361 57 65 03 07 00 710 00 07 00 07 13 03 00 16 00 03 00 03 788 167 10 964" 33 306
LS4* 4362 5-7 89 00 00 03703 00 03 00 03 30 13 00 43 03 00 00 03 766 168 13 9477 49 304
LS3 4363 57 10 09 17 00726 00 06 00 06 20 14 00 34 00 00 00 00 87 91 06 934" 66 350
LSI* 4364 59 96 13 06 00 "19 00 03 00 03 16 19 00 35 00 00 00 00 789 141 13 9427 58 313
LS13 4366 6-7 06 108 81 03 "192 03 23 00 26 110 58 03 172 12 03 00 15 509 78 09 5967 39.0 344
LSI2* 4367 67 14 09 15 03726 00 03 00 03 15 26 03 44 00 00 00 00 509 404 15 9277 73 344
LSI10* 4368  ~7(6-7) 06 06 18 00 725 00 09 03 12 15 18 03 37 03 00 00 03 735 169 18 923" 74 325
Kim-A2 4365 5-9 na 83 35 00 1.8 08 16 00 24 98 71 00 169 20 00 00 20 630 39 00 669 311 254
LS23 4369 9-10 105 06 15 00722 00 06 03 09 15 37 00 52 00 06 00 06 722 164 25 910" 83 324
LSI19 4370  9.5-10.8 84 20 34 00 "54 00 11 00 11 17 14 00 31 06 00 00 06 781 1.6 00 89.87" 97 35
LS16 4371  9.5-10.8 34 08 34 06 748 00 11 03 14 08 56 03 67 03 06 00 08 672 174 17 8637 129 357
LS22% 4372 11551218 23 03 13 03 "20 00 16 00 16 00 13 03 16 00 03 00 03 760 155 3.0 9447 53 304
LS21 4373 11551218 25 06 00 00 "06 00 14 00 14 06 26 11 43 03 06 00 09 762 152 14 9287 63 349
Dawes* 4374  17.5-18.8 na 00 06 03 09 00 03 00 03 00 22 00 22 03 00 00 03 723 215 25 963 34 325
KS LS37 4375 59 50 08 18 03 729 00 21 00 21 18 21 00 39 10 00 00 1.0 574 313 13 9017 89 38
LS36 4376 59 20 08 30 05 "44 00 11 03 14 11 08 03 22 00 11 00 11 578 301 30 910" 79 365
LS35* 4377 5-9 13 22 22 02747 00 07 00 07 07 25 07 40 05 02 00 07 509 354 35 88" 95 401
LS43 4378 <8(7-9) 10 14 17 00 31 00 10 02 12 17 36 00 52 17 10 00 26 572 299 07 879" 95 421
LS41* 4379  ~8(7-9) 14 25 22 00747 00 03 03 05 16 19 00 36 00 00 00 00 753 156 03 912" 88 365
1S40 4380  ~8(7-9) 08 30 13 00 "43 00 13 00 13 24 37 00 60 06 00 00 06 77.8 91 09 8.7 " 1.7 463

Avg. All 5.6 2.1 8.0 12 831 158
Avg. 5 'pure’ 16.6 6.7 23.8 2.9 499 472
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TABLE 1B. Volumetrically weighted composition (%) of heavy liquid yields. See text for explanation.

Volumetric (weighted) composition (%)'

DIP NDG NDO OB NB
s
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NE LS25 2-3 0.0 12.2 0.0 123 0.0 50 21.7 267 0.1 13.1 3.6 16.8 0.0 1.4 0.0 1.4 02 245 181 42.8 55.8 p
LS24* 2-3 0.0 0.6 0.0 0.6 0.0 0.6 0.0 0.6 0.0 6.2 4.9 11.1 0.0 1.2 0.0 1.3 0.5 562 29.7 86.4 12.4 np
LS26 5-5.5 0.0 13.9 57 19.6 0.0 8.6 143 228 0.0 19.6 57 254 0.0 2.5 29 5.4 0.1 125 143 26.8 67.8 p
LS27 5-5.5 0.1 10.9 3.6 14.6 0.0 13.1 145 27.6 0.1 12.7 109 23.7 0.0 32 0.0 3.2 0.1 127 181 30.9 65.9 P
LS5* 5-7 0.0 2.4 0.0 2.4 0.0 2.4 0.0 2.4 0.0 1.2 0.0 1.2 0.0 1.2 0.0 1.2 1.4  62.1 292 927 6.1 np
LS4* 5-7 0.0 0.0 8.2 8.2 0.0 1.0 0.0 1.0 0.0 4.1 0.0 4.2 0.0 0.0 0.0 0.0 1.1 525 329 86.6 13.4 np
LS3 5-7 0.0 9.6 0.0 9.6 0.0 32 0.0 3.2 0.1 8.0 0.0 8.1 0.0 0.0 0.0 0.0 22 513 256 791 20.9 Ip
LS1* 5-9 0.0 23 0.0 2.3 0.0 1.2 0.0 1.2 0.0 7.0 0.0 7.0 0.0 0.0 0.0 0.0 1.3 51.1 37.1 89.5 10.5 np
LS13 6-7 0.1 224 6.4 289 0.0 6.4 0.0 6.4 0.1 16.0 6.4 225 0.0 0.8 0.0 0.8 06 21.6 192 414 57.8 p
LS12* 6-7 0.0 24 38 6.2 0.0 0.5 0.0 0.5 0.0 4.3 3.8 8.1 0.0 0.0 0.0 0.0 0.4 659 19.0 85.3 14.7 np
LS10* ~7(6-7) 0.0 4.4 0.0 4.4 0.0 2.2 5.9 8.1 0.0 4.4 5.9 10.4 0.0 0.0 0.0 0.0 08 407 355 177.0 23.0 Ip
Kim-A2 5-9 02 214 00 217 00 95 00 95 03 429 00 431 01 00 00 01 1.8 238 00 256, 744 p
LS23 910 00 34 00 34 00 14 54 68 00 82 00 82 00 14 00 14 07 360 435 803 184 np
LS19 95108 01 189 00 190 00 63 00 63 00 79 00 79 00 00 00 00 20 647 00 667 332 Ip
LS16 9.5-10.8 00 66 88 155 00 22 44 66 00 110 44 155 00 11 00 11 06 342 265 613 376 Ip
LS22% 11.55-12.18 00 27 53 80 00 33 00 33 00 27 53 80 00 07 00 07 07 313 480 80.0 193 np
LS21 11.55-1218 00 00 00 00 00 35 00 35 00 63 225 288 00 14 00 14 09 373 281 662 323 Ip
Dawes* 17.5-18.8 0.0 1.3 5.2 6.5 0.0 0.7 0.0 0.7 0.0 4.6 0.0 4.6 0.0 0.0 0.0 0.0 0.7 457 418 88.2 11.8 np
KS LS37 5-9 0.0 3.6 4.2 7.8 0.0 4.2 0.0 4.2 0.0 4.2 0.0 4.2 0.0 0.0 0.0 0.0 0.5 62.5 208 83.8 16.2 np
LS36 5-9 0.0 4.3 6.3 10.7 0.0 1.6 3.2 4.7 0.0 1.2 3.2 4.4 0.0 1.6 0.0 1.6 04 435 348 78.6 19.8 np
LS35%* 5-9 0.0 29 2.6 5.5 0.0 1.0 0.0 1.0 0.0 32 7.7 11.0 0.0 0.3 0.0 0.3 03 458 36.1 82.2 17.4 np
LS43 <8 (7-9) 0.0 3.7 0.0 3.7 0.0 2.1 4.2 6.3 0.0 7.9 0.0 7.9 0.0 2.1 0.0 2.1 06 66.6 127 79.9 18.0 np
LS41* ~8 (7-9) 0.0 8.9 0.0 8.9 0.0 1.1 8.9 10.0 0.0 7.7 0.0 7.8 0.0 0.0 0.0 0.0 1.4 63.1 8.9 73.4 26.6 Ip
L.S40 ~8 (7-9) 0.1 5.7 0.0 5.8 0.0 5.7 0.0 5.7 0.0 16.2 0.0 16.3 0.0 0.0 0.0 0.0 1.6 40.1 305 722 27.8 Ip

Avg. All 94 7.1 12.8 0.9 69.9 29.2

Avg. 5 'pure’ 19.4 18.6 26.3 2.2 33.5 64.3

'DIP = diagnostic phytoliths; NDG = non-diagnostic (potential) grass phytoliths (e.g., cuneiform bulliforms, elongate sinuous, echinate, and dendritic,

acicular hair cells); NDO = non-diagnostic phytoliths; OB = other biosilica, including diatoms, sponge spicules, and chrysophyte cysts; NB = volcanic ash
and other non-biogenic silica; Phytoliths total contribution
* Samples identified in bold are “pure.”

UWBM = University of Washington Burke Museum of Natural History and Culture.

= DIP + NDG + NDO.

*p = pure; >50% phytoliths by volume; Ip = less pure; 20-50% phytoliths by volume; np = not pure; <20% phytoliths by volume.

* Assemblages not included in quantitative assemblage analysis because of insufficient preservation.
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SUPPLEMENTARY TABLE 2. Stable carbon isotope ratios and phytolith assemblage composition of biosilica extracted from Neogene
paleosols from Nebraska and Kansas.'

Phytolith morphotypes, relative abundance of total count (%)’

DIP
Non-biog.  Non-phytolith biog. GSSC
Stable carbon isotopes  Preservation silica* silica PACMAD TOT Tree cover
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NE LS25 2-3 -17.1 035 2 G (et, fra) 2.5 p mab p mno. mno. 03 75 20.5 3.6 52 78 176 375 875 168 (12.6-21.0) 309 693
LS24* 2-3 -23 1.55 3 G 2 mab  vab p n.o. n.o. n.o. p P n.o. n.o. P n.o. P N/A  N/A N/A N/A  NA
LS26 5-55  -20.6 0 1 G (et, alt) 25 mab p p-mab p p 03 68 14.1 94 6.3 51 191 389 885 162 (12.0-204) 284 681
LS27 5-55 213 09 2 G (et) 2 no. p p p p 04 78 12.0 9.5 5.9 63 192 39.0 86.6 18.8 (14.5-23.4) 304 735
LS5* 5-7 255 0.24 2 (G-)P (et, alt) 0.5 ab ab p no. no. no. p p p p p p p N/A N/A N/A N/A NA
LS4* 5-7 -24.8 0 1 VP (et, alt) 0 ab  vab p n.o. no p p p n.o p p p p N/A N/A N/A N/A NA
LS3 5-7 -25.8  0.23 2 G(-P) (et,alt) 1 ab ab no. no. no. 0.1 131 15.4 1.2 52 69 140 442 763 314 (26.8-36.1) 388 930
LS1* 5-9 -26.5 0 1 (G-)VP (et, alt) 0.5 ab ab p n.o. n.o. p P P p P P P N/A N/A N/A N/A  NA
LS13 6-7 =279 0.07 2 G(-P) (et) 1.5 p mab p mno. p 04 3.1 27.4 1.9 102 145 9.1 334 948 54 (3.0-81) 29 518
LS12* 6-7 -29.6 044 2 (G-)VP (et,alt) 0 ab vab n.o. P P n.o. P P n.o. P p P P N/A  N/A N/A N/A  NA
LS10* ~7(6-7) -143 0.89 2 (G-)VP (et,alt) 0 ab ab p no. no. no. p p p n.o. p p p N/A  N/A N/A N/A  NA
Kim-A2 59 -23.7 0 1 G (fra) 3 p p p mno. no 00 44 242 0.7 5.0 9.0 120 446 920 102 (6.8-13.9) 294 677
LS23 9-10 -17 043 3 (G-)P (alt) 1 ab ab p mno. no 00 142 11.1 0.9 6.8 46 174 449 741 378 (31.9-44.1) 238 632
LS19 9.5-108 -17.1 047 7 G-P (alt) 1.5 ab ab p p p 02 5.6 333 3.1 5.4 94 109 32.0 914 99 (6.6-13.6) 272 478
LSl6 9.5-10.8 -209 037 4 G 3 p mab p p p 04 23.1 15.5 0.9 5.7 59 107 38.0 62.0 454 (41.0-49.8) 478 938
LS22* 11.55- 243 024 2 VP (alt) 0 ab  vab P n.o. n.o. n.o. P P n.o. n.o. P P P N/A  N/A N/A N/A NA
12.18 +
0.12
LS21 11.55-  -20.1 0.07 2 P(-VP) (alt) 0.5 ab  vab p p no. 00 106 54 1.5 2.4 28 160 613 72,6 46.7 (37.1-56.2) 105 462
12.18 +
0.12
Dawes* 17.5- -27.2 0 1 P(-VP) (et,alt) 0.5 mab vab p n.o. n.o. P P P n.o. n.o. n.o. P P N/A  N/A N/A N/A  NA
18.8
LS37 59 -18.4 0 1 G 25 mab ab p no. no. 03 37 23.7 33 8.2 9.7 158 353 938 75 (4.7-10.8) 279 575
LS36 59 -13.3 0 1 G (et, alt) 2 no. ab pmab p no 05 51 20.4 6.6 9.6 74 217 288 922 103 (6.9-13.7) 291 594
LS35* 5-9 -13.5 078 2 VP (et, alt) 0 ab ab p? p p no. p p n.o. p p p p N/A N/A N/A N/A NA
LS43 <8 (7-9) -183 1 2 G(-P) (et) 1.5 no. ab p p mno. 00 47 21.6 2.8 6.3 124 11.6 406 920 99 (6.7-13.5) 312 653
LS41* ~8(7-9) -19 0.54 3 P(-VP) (et, alt) 0.5 ab ab n.o. no. no. no. p P n.o. p P P P N/A N/A N/A N/A NA
LS40 ~8(7-9) -24 0.03 2 G (et, alt) 2 p  mab p p mno._ 03 6.l 22.7 1.9 5.3 124 12.1 39.1 89.5 125 (9.2-162) 327 675

'N/A = not applicable.

*G = good-pristine (occluded organic material and fine ornamentation routinely preserved on GSSC; elongates and bulliform cells may be etched or
broken); P = poor (occluded material often missing and GSSC commonly broken or etched; elongates and bulliform cells often etched or broken); VP = very
poor (phytoliths fragmentary or structurally/texturally altered to such a degree that identification is complicated); alt = altered; et = etched, fra = fragmented.

3 0-3; 3 = pristine, 2 = good, 1 = OK, 0 = poor-very poor.
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* Semiquantitative estimation: n.o. = not observed; p = present (rare); mab = moderately abundant; ab = abundant; vab = very abundant.

>AQ = phytoliths from wetland plants (e.g., Equisetum, sedges); FI TOT = morphotypes typical of forest indicators (e.g., palms, woody and herbaceous
dicotyledons, ferns, conifers); CH TOT = GSSCs produced primarily by members of the BE (Bambusoideae, Ehrhartoideae) clade (e.g., GPWG 2001) plus
basal grasses; POOID-D + POOID-ND = GSSCs produced mainly by Pooideae; PAN + CHLOR = morphotypes of Panicoideae and Chloridoideae grasses;
PACMAD general = morphotypes of (other) C5/Cy4 grasses in the PACMAD clade (Panicoideae, Arundinoideae, Chloridoideae, Micrairoideae, Aristidoideae
and Danthonioideae; Duvall et al. 2007); OTHG = other, non-diagnostic or unidentified GSSC; NDG = non-diagnostic (potential) grass phytoliths; NDO =
non-diagnostic and indeterminable phytoliths.

* Assemblages not included in quantitative assemblage analysis because of insufficient preservation.

Mclnerney et al. 2011
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SUPPLEMENTARY TABLE 3. Abundances of C4 grasses in the Neogene of Nebraska and Kansas based on phytolith assemblages and
carbon isotope ratios, respectively.'

C, abundance in overall vegetation C, abundance within grass community
Minimum estimate Maximum estimate Minimum estimate Maximum estimate
-~ ~ ~ el
6) S cx S =2 e g
E s 9 E35. o« 23 = - g6 - 53 o
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) = S or Z A < % & < > % < &% < 2 =
5 g 2 2 £8%8 % £885 & 8 A £5 -
wn wn < ~ o = = + =) =2 2= o) 9:/ Nl @) 9:/ = o) O o
NE LS25 2-3 309 10.2 (6.6-13.9) 25.0 (19.7-30.3) 12.3 (7.9-16.2) 30.0 (23.6-36.5) 83
LS24%* 2-3 N/A N/A N/A N/A N/A N/A N/A N/A N/A 33
LS26 5-5.5 284 26.4 (21.1-32.2) 44.2 (38.4-50.2) 31.5 (25.1-38.4) 52.7 (45.8-59.9) 53
LS27 5-5.5 304 28.3 (23.0-33.6) 45.7 (40.0-50.9) 34.8 (28.4-41.3) 56.2 (49.3-62.7) 48
LS5* 5-7 N/A N/A N/A N/A N/A N/A N/A N/A N/A 13
LS4* 5-7 N/A N/A N/A N/A N/A N/A N/A N/A N/A 18
LS3 5-7 388 3.7 (1.7-6.1) 20.0 (16.0-24.1) 5.4 (2.5-8.9) 29.2 (23.3-35.1) 10
LS1* 59 N/A N/A N/A N/A N/A N/A N/A N/A N/A 4
LS13 6-7 296 4.6 (1.8-7.4) 29.1 (23.8-35.3) 4.9 (2.0-7.8) 30.7 (25.1-37.3) -7
LS12* 6-7 N/A N/A N/A N/A N/A N/A N/A N/A N/A 22
LS10* ~7(6-7) N/A N/A N/A N/A N/A N/A N/A N/A N/A 106
Kim-A2 59 294 2.2 (0.4-4.4) 17.3 (12.8-22.1) 2.5 (0.5-4.9) 19.2 (14.3-24.6) 28
LS23 9-10 238 3.1 (1.0-5.7) 25.6 (19.9-30.8) 5.0 (1.7-9.2) 41.2 (31.9-49.6) 83
LS19 9.5-10.8 272 6.8 (3.6-9.9) 18.5 (13.5-23.9) 7.5 (4.0-11.0) 20.5 (15.0-26.5) 83
LS16 9.5-10.8 478 2.1 (0.8-3.7) 16.2 (12.9-19.6) 39 (1.5-6.8) 29.6 (23.5-35.9) 51
LS22* 11.55-12.18 N/A N/A N/A N/A N/A N/A N/A N/A N/A 23
+0.12
LS21 11.55-12.18 105 8.7 (3.7-14.9) 22.3 (14.9-29.8) 16.3 (7.0-27.9) 41.9 (27.9-55.8) 58
+0.12
Dawes* 17.5-18.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A -2
KS LS37 5-9 279 8.7 (5.0-12.4) 30.2 (24.3-36.6) 94 (5.4-13.4) 32.7 (26.2-39.6) 72
LS36 5-9 291 16.1 (12.0-20.7) 39.7 (33.9-45.5) 18.0 (13.4-23.0) 442 (37.8-50.7) 114
LS35* 5-9 N/A N/A N/A N/A N/A N/A N/A N/A N/A 113
LS43 <8 (7-9) 312 8.1 (5.0-11.7) 26.6 (21.2-32.4) 9.0 (5.5-13.0) 29.5 (23.5-36.0) 73
LS41* ~8(7-9) N/A N/A N/A N/A N/A N/A N/A N/A N/A 67
LS40 ~8 (7-9) 327 5.6 (3.0-8.7) 21.2 (16.0-27.3) 6.4 (3.5-9.9) 24.3 (18.3-31.2) 25

'N/A = not applicable. For other abbreviations, see Suppl. Table 2; for further explanations, see text.

% The 95% confidence intervals (C.1.) were calculated using bootstrapping with 1000 replicates (Resampling Stats 5.0, available at
http://www.resample.com/).

* Assemblages not included in quantitative assemblage analysis because of insufficient preservation.
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SUPPLEMENTARY TABLE 4. Relative abundance of non-GSSC phytoliths and non-
diagnostic (potential) grass phytoliths (NDG) in leaf assemblage from Stromberg 's
reference collection (Stromberg 2003, unpublished data).

R-En) =
2 =5 £
[} ~ S : ~
= (@) [5)
. 2§ s£2
T It
] o= Q85
2= s & el
Taxon Clade A oa Z 2 Z 8
Pharus lappulaceus ssp Pharoideae C, 12.4 5.1
lappulaceus
Guaduella macrostachyus Puelioideae C, 5.1 2.1
Otatea acuminata ssp Bambusoideae C, 18.7 10.3
aztecorum
Olyra caudata Bambusoideae C, 29.8 16.7
Chusquea patens Bambusoideae C, 51.2 44 4
Streptogyna gerontogaea  Bambusoideae- C, 13.2 7.9
Ehrhartoideae
clade
Lygeum spartum Pooideae C, 8.6 59
Glyceria striata var striata Pooideae C, 10.1 42
Dactylis glomerata ssp Pooideae C, 20.1 12.1
hispanica
Triticum aestivum Pooideae C, 30.4 6.9
Avena fatua Pooideae C, 39.6 23.1
Deschampsia caespitosa Pooideae C, 41.6 13.2
Ampelodesmos Pooideae C, 41.9 32.5
mauritanicus
Festuca rubra Pooideae C, 53.2 18.4
Nassella pulchra Pooideae C, 57.6 233
Nassella pulchra Pooideae C, 72.8 36.1
Calamagrostis ophitidis Pooideae C, 66.4 293
Aristida purpurea var Aristidoideae C, 73.5 45.7
wrightii
Arundo donax ssp Arundinoideae C, 54.0 41.0
versicolor
Chasmanthium latifolium Centothecoideae C, 27.1 11.2
Sporobolus airoides Chloridoideae C, 15.1 5.8
Eragrostis ferruginea Chloridoideae C, 36.6 24.1
Danthonia sp Danthonioideae C, 26.5 23.7
Panicum virgatum Paniceae C, 14.7 3.6

Mclnerney et al. 2011
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SUPPLEMENTARY FIGURE 1. Poaceae phylogeny with Cs/C4 photosynthetic pathway character states shown at tips and the four Cs-C,4

contrasts generated using phylocom. Dated phylogeny modified from Bouchenak-Khelladi et al. (2009).
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