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Abstract Reconstructing the diet of extinct species is a fundamental goal in vertebrate
paleobiology. Dental calculus is the calcium phosphate deposits on teeth, which captures a large
number of food particles and contains the food information of ancient animal. It is possible to
explore ancient animal dietary and investigate the environmental information from dental calculus.
A large number of starch granules were found in dental calculus of Dicros gansuensis excavated
from the earliest Late Miocene Guonigou fauna of the Linxia Basin, Gansu Province. It is the
first time that starch granules from Late Miocene were found. We classified the ancient starch
granules by its morphological characteristics and also analyzed the starch granules of leaves of
modern plants around the living environment of D. gansuensis to find modern starch granules and
compare them with ancient ones. The results indicate that D. gansuensis may eat not only shrubs
leaves, such as the plant from Caprifoliaceae, but also some tree leaves from Juglandaceae (walnut),
and maybe some herbs from Ranunculaceae and Polygonaceae. It is consistent with the results
of previous morphological studies, and it also provides more information. Our study extends the
range of time and object for dental calculus research, and offers more possibilities for research on
feeding habits of ancient mammals.
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americanum = A[FAEITEE K R S5 A, KT REBEFR S PooidfaREIR,, 3
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YIBECRH . BB HE, 2007), 2B JE M — K 4afh,
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B HH SRR (HMV 1528) 3k 41
Fig. 1 Lateral view of the cranium of Diceros gansuensis (HMV 1528)

The arrows indicate the location of samples
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B2 IEH OGS MG HIRREE(HMV 1528)% 45 41 e ks

Fig. 2 Starch granules from Diceros gansuensis (HMV 1528) dental calculus in normal and polarized light

From left to the right, the 2™ and 4™ columns are the polarized light figures of the 1* and 3" columns
Scale bars=20 um
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3.2 IMKEYM AR ER ST

R T RS A I A S T R W TE R R, AT TR TR R R A A R rh A A
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FAED O T B VER R T XS

MREMMRKI DG E 2 AR 98 TAR(S £ o148, 1998) At i JR B =k
HIES TR FAE N 5L A, M T 22RH(Chenopodiaceae) . BBkl (Juglandaceae) .
Z Rl (Polygonaceae)., & F}(Ranunculaceae), #7il 1 Fl(Elacagnaceae)fl 2L & F)
(Caprifoliaceae) 24F YT (21).

SERCACAE Y it R b TE R L ) AL IR T . B e FHZR IR A S T PR AR R I
PhEGR MR A5 G s POl TR A= I pd i B, ISR s B &

=1 DRAEYIM F B
Table 1 The sample of plant leaves

Family Species

Caprifoliaceae Kolkwitzia amabilis Graebn.
Lonicera japonica Thunb.
Lonicera maackii (Rupr.) Maxim.
Lonicera tatarica L. ‘Fanguo’
Lonicera tellmanniana Meisn.
Weigela florida (Bunge) A. DC.

Chenopodiaceae Chenopodium album L.
Chenopodium urbicum L. subsp. sinicum H.-W.Kung & G.L.Chu
Elaeagnaceae Elaeagnus mollis Diels

Elaeagnus pungens Thunb.

Elaeagnus multiflora Thunb.
Juglandaceae Carya cathayensis Sarg.

Cyclocarya paliurus (Batalin) Iljinsk.

Juglans mandshurica Maxim.

Juglans regia L.

Pterocarya stenoptera C. DC.
Polygonaceae Polygonum viscosum Buch.-Ham. ex D. Don

Reynoutria japonica Houtt.

Rumex acetosa L.

Rumex japonicus Houtt.
Ranunculaceae Aconitum carmichaelii Debeaux

Actaea cimicifuga L.

Aquilegia viridiflora Pall.

Clematis heracleifolia DC.

MR BRI s R R S BAOILES . O T HEBR IS MR AR S s T, S
R T B &G 2808 K B LU AR5 2

MREIHRERABRERSIHE A NFMEYWES] TR, 5. R
(Kolkwitzia amabilis Graebn.), 4424 (Lonicera maackii (Rupr.) Maxim.), R L
(Lonicera tatarica L. ‘Fanguo’). #pily fE(Weigela florida (Bunge) A. DC.). fHBk(Juglans
regia L.) 7 ZL(Polygonum viscosum Buch.-Ham. ex D. Don). R (Rumex acetosa L.).
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5 3. (Aconitum carmichaelii Debeaux). FtER(Actaea cimicifuga L.). #>}-3%(Aquilegia
viridiflora Pall.)DA N KITERZE 3% (Clematis heracleifolia DC.). 3k H A 10489 G-+
AR INTERNRL; THRRITERPRRIAR 205 um, YMEREIEIE , Bs G, Ko
BRASZE, BT REZEHEY)H DL HEARI Te A0 5 50), BORCE B .

[Fi] —AEL Py gt v B SE R SN S8 AR ], AnSABREF A EHBR R b e ke A 3R T
TCHBRA, WA REA R, HABIRRGAARNFEEZ3A-F), R 24520 58
PAMERZZIE BRI, REITLIZ, B AIF(EI3A), WHARGERTE 1R B
TUEMRLHLG, I HIHE T —4&00E T 8 G (KI3B); i GEM R/ NI S RHEAS
EHMV 152878 45 47 & 0SS e b s (B 2K AL . 57 R i Mo 18 4 it 52 AL X
(KI3C, D), SRBEBAFZ5A TEMRLIX K, BRI o 55 =Bl 2L B % E M kL I o5
i, FEILUZ, ZEEH S AYR(EI3E), HoAm 6 ] WL AL 2531 6 (KI3F); %3
AL EIR R U] SHMV 1528 45 4 rh &5 T2 (2D A iE B kit W) 4, TRAR 5 HkE
RN W IR 25 P RE A2 H THMV 152828 2547 v Gk b (BI2D FF LR 00 MoK i, A T
o HEMHMV 15281k A n] e ARk

AN [FIRHE P SO T A SE R T BRI S AR . IR ABE(J&13T) Rl 4 4R 2L 4 (B13U), 43
SJE TERH AR, BERE A W —FiEw AL, RAREOR, BEAR—M>20 um, it 5]
G, IMNBRECNEDE, REICREEA S MECRS)E . BAR ERZALTER A 3
BB (EI3G) SRR R IE By 2E a2 AR R (BB A WAFTEA Iz b . HLERSD
JEE IR —, R LA 2B TERRL(EI3G)FRHIE S HMV 1528 8 45 1 v TU 2 (&
2K TE R RARAH L . HEWTHMV 1528 ] BEth 23 U BOR A ARt . B XTI AR AE D)
MR SER RIS TAERITR A, AHEBR 2 I Z Rt R A e AR R i v B
X—IEO . T ZE R ) TAER AW e S IE M RDE S8, — 3 S iEwrkn e
BOTHTRORE R, (RS IRA S 41k

R IR A —JETE R RL(RI3K), I s Pk, AMERRER DY, RIICESCE 2,
Zat oo — A 56 AR — N E S Anid e, HEoRM a2 meh o 2
ANHRIN) it 2 1) 28 bR T o ARSCTE AR (B13Q) 5 HAR HARL, H = F 5HMV 1528 F 4%
A TR TEPRL (I 2M) UL ARARARL, - FH OHHE 20 R A FT fE 25 BT PR RIAR S (1) g

RS — 2RV RL(EI3M), SNBSS L, B ATk, RImIZEL, Wt
T FEEAL AT W A R AT (B3N, SR 3T 0 DO 2R MR, X 5 HMV
1528 285 47 vh 55 DU TE R R (EI2G) B ARL, DRtz R AR ] Re s BB R S5

HAGRHA LIR30, P), KIFEREGE(EI3S, T) . FZ(E3W, X)Lk (#3Y, 2)H+
FITER R S HMV 1528 2845 47 T B SERPRLBCA AR o

WAL RS EXT L, 450 SE Ry R A R AR B (oL B0 A A 0 0 M R A
AR 2R A AT sk [ XMty . ik, HMV 1528445 1] At e iApk BBk A B
WA REE A A RHEAR R ER A ARSI, o n] gess it B 2e/r 2R AR S B R
FE- SR
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K3 IEROES M T AR o R R

Fig. 3 Starch granules from young leaves in normal and polarized light

From left to the right, the 2" and 4™ columns are the polarized light figures of the 1" and 3" columns
Scale bars=20 um
A-F. Juglans regia L. ({A#k); G, H. Lonicera tatarica L. ‘Fanguo’ (B 2. 4%); I-L. Rumex acetosa L. (FRIR);
M, N. Aquilegia viridiflora Pall. (#%}-3%); O, P. Weigela florida (Bunge) A. DC. (17 1L);
Q, R. Kolkwitzia amabilis Graebn. (JE5E); S, T. Clematis heracleifolia DC. (K EL£:3%5);
U, V. Lonicera maackii (Rupr.) Maxim. (& Z.4); W, X. Polygonum viscosum Buch.-Ham. ex D. Don (7 3);
Y, Z. Aconitum carmichaelii Debeaux (1 3k)
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ARMETE oM 1 B PO SR T8 S R PR BRI S A R e AR I SRR, O
458 A YITE A ROE B0 LR A A EPERTIT, Bt 00 T RB A B PERIE . HOf
BRRER T 2 HHIA AR R R — AR AR, DLEORARIRI T4, st nl
REHCE I PG h— SERE TR ARSI (AT ) AN A ST (AR AR AN B R
K)o X—WIFER IS E R — 2, e 1 o T A R R R T
ZIELARS RIS R . S350, ASRBIFTE YRR A S8R 2 T 240 11.6
MafJ i FopT i, 3R T R 45 AT B ARG, oL s B RS T T T
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Bogt Rt b BAF ALY AT T et A R EARMMAA T B, FEAFR
W F 5 FORA TR IR P 0938 T, AR B E S e
09 RS A e R IR BB S i 46 T 09424

References

Asevedo L, Winck G R, Mothé D et al., 2012. Ancient diet of the Pleistocene gomphothere Notiomastodon platensis
(Mammalia, Proboscidea, Gomphotheriidae) from lowland mid-latitudes of South America: stereomicrowear and
tooth calculus analyses combined. Quat Int, 255(1): 42-52

Barton H, 2005. The case for rainforest foragers: the starch record at Niah Cave, Sarawak. Asian Perspect, 44(l): 56—
72

Blatt S H, Redmond B G, Cassman V et al., 2010. Dirty teeth and ancient trade: evidence of cotton fibres in human dental
calculus from Late Woodland, Ohio. Int J Osteoarchaeol, 21(6): 669-678

Deng T, Qiu Z X, 2007. First discovery of Diceros (Perissodactyla, Rhinocerotidae) in China. Vert PalAsiat, 45(4): 287—
306

Deng T, Hou S K, Shi Q Q, 2015. Selection of the lower boundary stratotype of the terrestrial Upper Miocene Bahean Stage
in China. Acta Geosci Sin, 36(5): 523-532

Gallant D J, Bouehet B, Baldwin P M, 1997. Microscopy of starch: evidence of a new level of granule organization.
Carbohyd Polym, 32: 177-191

Ge W, 2010. The application of starch analysis in archaeology. Ph. D thesis. Hefei: History of Science and Technology,
University of Science and Technology of China. 1-138

Gobetz K E, Bozarth S R, 2001. Implications for Late Pleistocene mastodon diet from opal phytoliths in tooth calculus. Quat
Res, 55(2): 115-122

Hardy K, Buckley S, Collins M J et al., 2012. Neanderthal medics? Evidence for food, cooking, and medicinal plants
entrapped in dental calculus. Naturwissenschatten, 99(8): 617-626

Henry A G, Brooks A S, Piperno D R, 2011. Microfossils in calculus demonstrate consumption of plants and cooked foods
in Neanderthal diets (Shanidar I1I, Iraq; Spy I and II, Belgium). Proc Natl Acad Sci USA, 108(2): 486491

Hershkovitz I, 1998. The evolution of oral microbiota and the spread of dental diseases. In: Greenblatt C L ed. Center for the

Study of Emerging Diseases. Philadelphia: Jerusalem Balaban Publishers. 363—383



Chen et al. — Implications for Late Miocene diet from Diceros gansuensis 353

LiM Q, Yang X Y, Wang H et al., 2010. Starch grains from dental calculus reveal ancient plant foodstuffs at Chenqimogou
site, Gansu Province. Sci China Earth Sci, 40(4): 486-492

Liang Z, Deng T, 2005. Age structure and habitat of the rhinoceros Chilotherium during the Late Miocene in the Linxia
basin, Gansu, China. Vert PalAsiat, 43(3): 219-230

Lieverse AR, 1999. Diet and the actiology of dental calculus. Int J Osteoarchaeol, 9(4): 219-232

Loy T H, 1994. Methods in the analysis of starch residues on prehistoric stone tools. In: Hather J G ed. Tropical
Archaeobotany: Applications and New Developments. London: Routledge. 87-114

MaY Z, LiJ J, Fang X M, 1998. Pollen assemblage in 30.6-5.0 Ma redbeds of Linxia region and climate evolution. Chin
Sci Bull, 43(3): 301-304

Mercader J, Bennett T, Raja M, 2008. Middle stone age starch acquisition in the Niassa Rift, Mozambique. Quat Res, 70(2):
283-300

Power R C, Salazar-Garcia D C, Wittig R M et al., 2015. Dental calculus evidence of Tai Forest chimpanzee plant
consumption and life history transitions. Sci Rep, 5: 1-13

Steininger F F, 1999. Chronostratigraphy, geochronology and biochronology of the Miocene “Mammal-Zones (MN-Zones)”.
In: Rossner G E, Heissing K eds. The Miocene Land Mammals of Europe. Miinchen: Dr. Friedrich Pfeil. 9-24

Tao D W, 2011. Starch grain identification and analysis and its implication in Archaeology. Ph. D thesis. Beijing: Scientific
History and Archacometry, University of Chinese Academy of Sciences. 1-132

Torrence R, 2006. Description, classification, and identification. In: Torrence R, Barton H eds. Ancient Starch Research.
Walnut Creek: Left Coast Press. 115-144

Voorhies M R, Thomasson J R, 1979. Fossil grass anthoecia within Miocene rhinoceros skeletons: diet in an extinct species.
Science, 206: 331-333

Warinner C, Hendy J, Speller C et al., 2014a. Direct evidence of milk consumption from ancient human dental calculus. Sci
Rep, 4: 7104

Warinner C, Rodrigues J F, Vyas R et al., 2014b. Pathogens and host immunity in the ancient human oral cavity. Nat Genet,
46(4): 336-344

Qu Y T, 2014. Dietary behaviors of Gigantopithecus blacki and their potential impact on the evolution of G. blacki. Ph.
D thesis. Beijing: Institute of Vertebrate Paleontology and Paleoanthropology, University of Chinese Academy of
Sciences. 1-170

Yang X Y, Kong Z C, Liu C J et al., 2009. Characteristics of starch grains from main nuts in North China. Quat Sci, 29(1):
153-158

Yang X Y, Kong Z C, Liu C J et al., 2010. Morphological characteristics of starch grains of millets and their wild relatives in
North China. Quat Sci, 30(2): 364-371



