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Geophagy of Macaca Thibetana at Mt. Huangshan, China

YIN Huabao* ,HAN Demin, XIE Jifeng, ZHANG Chunrun,YOU Shuoyu
School of Life Science ,Anhui University , Hefet 230039 , China

Abstract: Geophagy, or soil ingestion, is the deliberate act of eating soil. This behavior is a widespread practice in the
animal world, particularly among generalist herbivores and primates. Primates consume a wide and complex variety of food
items that vary temporally and spatially. Mature leaves, flowers, leaf buds, fruits, seeds and invertebrates constitute the
bulk of potential food items. The close link between geophagy and primates suggests a need to ingest soil. Various
nonexclusive principal functions have been advanced to explain geophagic behaviors, the main ones being: taste
enhancement, detoxification of noxious or unpalatable compounds present in plant foods, supplementation of mineral
nutrients, alleviation of gastrointestinal upsets such as diarrhea, counteraction of the effects of endoparasites and reduction
of excess acidity in the digestive tract. So far no studies on the possible adaptive significance and ecological consequences of
geophagy in primates have been published in China. In this paper we report 207 incidences of geophagy observed among
provisioned Thibetana macaques ( Macaca thibetana) at Mt. Huangshan, China. The group consisted of 19 animals that
were routinely provisioned (four times a day) with cereal corn that supplemented their natural food sources. We gathered
data on the identities, ages and sexes of participants as well as the frequency, amounts, duration of geophagy. Soil samples
(uneaten and eaten) were analysed for the following chemical and physical properties: soil color, pH, water content,
mineral elements. The purpose of the study is to describe the behavior of geophagy and its implications for provisioned
species. The results show that soil is sought and purposefully selected, and that some sites are preferred and have been
mined by many individuals for a long time. Soils that the monkeys choose are yellow or yellow-brown, weakly acid, with an
abundant amount of clay, and are richer in certain mineral elements, especially iron, calcium and magnesium than uneaten

soil. Organic-rich soil appears not to be eaten by the monkeys engaging in geophagy. All age groups and both sexes
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consume soil, but adults as a group are more inclined to geophagy than the other age groups. Mean duration of geophagy
does not differ significantly with age or sex. Mean frequencies and amounts of geophagy do not differ significantly by social
rank for either males or females. Adult females are the most frequent consumers of soil. Mineral supplementation during
pregnancy and lactation may be important as a stimulus to geophagy behavior of adult females. This study supports the food
detoxification hypothesis that the soils consumed regularly by Tibetan macaques feeding on a variety of plant species help to
absorb the toxic constituents therein. Monkeys showed a decided preference for geophagy especially when they were heavily
provisioned. It is possible that Tibetan macaques ingest clay to alleviate gastric upsets made by high energy, low fiber
human foods. Tibetan macaques may indulge in geophagy for one or a combination of reasons. Therefore future research
requires interdisciplinary efforts among soil, plant and animal sciences, focusing on the roles of geophagy vis a vis primate
nutrient requirements, parasitology, feeding ecology, phytochemistry, soil microbiology, mineralogy of soil, and effects on

the bioactivity of consumed plants.
Key Words: Macaca Thibetana; geophagy; soil; primate; behavioral ecology

PRI AT ARG ShYIRT H A SRR L AT R A T M AL A A S
FREKESHY ) BRE B E T ARSI R E  AE W% (Loxodonta africana) | AE PN EF 4~ ( Synceros
caffer) PR RE ( Odocoileus hemionus) B 355 ( Tapirus terristris ) S e ( Mozama sp. ) . 15252 KN CFTZE5hY)
T E AT R AR

TER KLY J5 i, CRBUARY 185 Fh RASESN Wb, A 39 Ml 8 A & 47, (045 B A= A 7R S
T AR 39 AR KIEEY 12 R SR ( Apes) F1H 3 Fi 36 Filsf IV H ( Prosimians ) 11 7 64 FHr
K (New World Monkey ) H1 1% 10 F 2 73 FfIH KBl ( Old World Monkey ) H1 Y 19 Fir, Ho 49 Ff B}
( Cercopithecidae ) I 11 Fl R K s AE e £irn"

FE PR A HESH Y RN RAC R B B IS 2H o - 2B A Y i 28 RSk R ORSERIESE MR SR
B Z R AE AR, A SR Ee W) oo 3R AR & 0 T B R 3, oA — e st AT E . |
i TCHGE USSR A I R Sh W P AR A7 R SR E s & AT N T REME AR R, B T AA7E
LA F ARG MR B . 5 e R AN TS A S T B B TS AR F PR N A 2E BB K 1 pH R

B HFTA 1 AT RS AT R E AL EHRE R AR R A7 E A M = REENTTE, MR AR
Ly DX e R ) B3, Bl P 2 AR A T el s | SR, FEAAE Y it Bk B R RS, PR 4
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(FEE K, D EIAEFINER) LU A TR, M 20 4D 80 4R 4 Xt & 11 i Bk i
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AR SO B L AR AT TR M SR AL VB R B R R AR (] Y S A A
A , DL R - e A A M o %o B Ll R 1 AT O AT TR
1 #E7E%

1.1 WHEba

ABFGET 2004 4F 78 1L R K IR 2 A B A 145 (30°29'N, 118°10'E 3 14K 55 iF 600—1200m ) i#E47, #FF
FEHBAL T v 255 B S AT L D, 3 VAR A R Rk N I RR PRRE AR P T2 UG BB, HG i R R 22 DL A
( Castanopsis sclerophylla) . WX ( Cyclobalanopsis glauca) A1 1% ( Lithocarpus glaber) Hififi ( Lithocarpus henryi) |fif
ﬁ%( Castanopsis eyrei) AN e ( Cyclobalanopsis gracilis) HE, HERIER/NTE R FIHEEAR , % f7 1 ( Litsea
coreana var. sinensis) W2 ( Dendropanax dentiger) FEZSAT ( Camellia fraterna) %R 1L ( Rhododendron ovatum) .
S0 ( Phoebe sheareri) 55 ; LA B N T RE B AS IR AT AR A2 AR /D AR A E Dkt
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1.2 WFsEXT4

WEFE R4l B 1L R s T AL B PR S 19 H =i i4ER 9 H (48,59 ) AM4ERS H(4 6,
19) R BahEs (26 ,39),
1.3 AT HBREE SRk

WP SRRSO R Y ORI B AR AT A R AR TN R AR AT A RS
] AT AR ARG SR B A R, AR 215 Bl AT B H A R R 207 £,

AT AL A AR H T UG R 25 H S L PR AR NS 5 e, U (s) A
PN IR R TR T IRATRE S TR C A 44 B LA MERRE A, AR R — A AR MEIE MR T RER B
A, B AR R AR R A B AT A URBR LA KA S BURE AN AR, SRR, PR DL BBORE R B
WL e /D AP A TR B A B R DA R - URBRSR DL B A (A ) A AR, SRR, R
DLEVUREREL, SR P BB (M - d) P B i e - R B 1 S, DL otk sl e
AR7IEAFEIC, AT 3R () P R, DB & A =10m &b 3 48, ZREIN 25, I 7 5% 1
], BTG — AT AR UE ™ S REMMI ST B EER (B M = EE (105°C ,6—8h) , 15 A + ek
(HHMTE(g),
1.4 B3R SR RSEA M T4 B

P RSO S AR AL ) I SR R AT L] A HTOBOR 3E , AG S  h 2R 2RI 12
P B 7 OB, o8 £ 3R B B 2 AR RIS O AR ) | 20em Ab, B3R R A
2. HHAER/NREGE TR S R RN B0 5008, KT RAF, LA 5 W R HEs b vE ot

B LK - HERE SR A SE R b R R AR ST HOR T AT RS KR DT
52 5 -3 pH LA 000 52 5 3R 10 2 2 TR FH R WA e BE e
1.5 b

N FH SPSS 13. 0 BAAXHEAE AT 30T, BARSE T HE L) X£SE (mean=SE) %7K

22 IE S PERE S ( Kolomogorov-Smirnov Test) , T3 & 7K pH B X0 Y70 R & 8048 W E &40 1, iX 24K
PEAECE S5 AR LI RE i 2 ) 22 S P AT, SR P FEAS ¢ 36 b 2 MK T a=0. 05,

AT ABEE () B NARIES G, R Wilcoxon AESERLAKG LG (FEiHE N “ 27, WAL, B 1k
K a=0.05),
2 #R
2.1 ELyS g6

FERFFE X8, i 17 11 AN R0 PR = B 610m, Hodfy 8 N AU A 2 MA 2 A2 I
T B IR 7, 3R 7% B8 2 VR P-4 7 b T 1T R A1, e I 7 T 58 125 em 85 12em P47 b T IR
10em, HACH R W, 4heE 145, 2 IHROR BB A IR 7R

B AR ZEHE, 1 DS SR R 8—12em, ¥ HEEH T B 2, HYR
WA 2 R O TR AR S S AU IR IR E IR Oy R ) A
2, JREY) 10—22em, AR YR A IEY . & L2 T2REREHA TIEZ,

JIT A R S DAl o (A B AR 5 DA I AR A (5YR 5/4.5/6 .5/8;10YR5/8) . AEBILE
(X R ) - 40 €2 D) BRA 8 s A 6 £ (10YR3/3 .5/237.5YR 3/3 .5/3)
2.2 3 pH EME KR

B 33 S AR U 30 pH (R RRME (2 1) . QMSTREAS K5, e 3 SRS + 1 pH [H2E R
W3 (1=3.577,df=18,P=0.002<0.05) , & 34 pH {H3>5. 05 AEHCE H 44 pH {7 MEEM<S.0,
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TIEEACKR (R D AEREHIESIERE L EZ TR EE2ZES (1=-1.634,df=17,P=0.121>0.05) , 1
AR 2 MM ETKFES15% ;s MAERE H5E4A 8 MEM & /KES15%

#*1 HR5IENQTERN pH EFGKER

Table 1 pH and water content of eaten soil and control soil

§ FRI%EE pH £ 7K Water content/ %
Ff b Sample —— —
SF-14){H Mean=SE gt Range SEH{E Mean+SE i i Range
4 Eaten 5.37+0.12 5.02—6.44 15.34%1.35 9.93—22.76
LB 4 Control 4.79+0.09 4.19—5.16 18.74x1.60 9.32—25.23

2.3 +HETYILR
F2 RREHESIERE BRSPS M c RS R, Hh g RSO R SRR, SRR
TIEF L, B B E 5 (P<0.01) ; F5MEE St s TIR I E 3 R B2 5% (P<0.05)

®2 BHES5ERELIEPTYUTERSE(nyke)

Table 2 Mineral elements among samples of eaten soil and control soil

WYL E JEHUE 14 Uneaten soil B & 18 Eaten soil

Mineral elements  -HJ{ Mean=SE WIEE Range I MeansSE JEE Range !
B K 1109.50+57. 50 1032.00—1167.00 1262.50+42.07 1159.00—1364. 00 ns
£ Na 124.01£12.20 118.00—136. 00 169.00+17.61 143.00—221. 00 ns
#5 Ca 44.15+0.95 43.20—48.90 105.40+30. 67 59.30—164.00 *
B Mg 1921.50+39.50 1882.00—1961. 00 2520.75+125.36 2305.00—2771.00 ®
2 Fe 16031.00+800. 50 15231.00—16823. 00 21351.25+706. 45 19318.00—22149. 00 * ok
i Cu 9.15+0.95 8.20—9.66 8.92+0. 65 7.41—10. 60 ns
B Zn 56.40+0.90 55.20—57.30 73.43+5.42 62.10—86.30 ns
ffi Mn 6.56+0.10 5.90—6.46 9.49+1.16 7.01—12.20 ns

% P<0.05; % % :P<0.01;ns: LREEFZEF(P>0.05)
2.4 HEIATREER TR B

FERER A& B B B P AL, DB/ N SRy AR A7 .09 :.00—13 .00 AT 13:00—17:00( & 1)

JirA 207 B AT RS, 37, 29% K AETE BOF,

N 16:00—17:00 =—1 43
62.8% KHEHETH , MEEFEE (XY =8.904,df =3,  15:00—16:00 112.6
P=0.031<0.05) . £ AT H T% 4 AE 13:00 BL g F0— >0 ns
J& 15 10:00—11:00 A — =4 (21. 7% ) E’J%‘i?@ 12:00—13:00 F11.9
TATHEA . BB E A TR E LR oo — .
FHLA BN T A K ARG SV, W 09:00—10:00 ———1 6.3
> kA L ¥4 e S 0 5%  10%  15%  20%  25%  30%
SR . J:jFﬂlTﬁFi’Jﬁ&ﬂm M;u EI’J%WMT#XJL%\ 9043 . Pacent of geophiey
BRI T, E R (69. 48% ) £+ 4T K & AE A I a] B 2
T T A oS E1 BLERBEELITHAELSG (B FENEIL) (N=207)

Fig.1 Diurnal distribution of geophagic events. Data is

2.5 FHEEHR , , o
expressed as the percent of observations during each daily period

207 Bl R AT B RRE R AR B M 000 ) (v=207)
¥IZ5 7B 8, £3 BVFHELRAFR S5
B A

T AR 5 AR AR B R S AN ] RN AT 25 A I TR AT MR S A 2
], AT T 22 5 W PEAR 0 A I 45 2R R 2 2 ] S A bl E PR 25 7 (£ =-2. 840, P =0. 005<0. 01 ) , BLAF M
PEE I 0% i T AR A
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2.6 VIE LR E
SFAMTSE Y 207 63 447 K B, 198 il sk ®3 FHRLAREFRREANTIE
Tﬁiﬁ?%ff#ﬁﬂ{r I‘ETJ . El\: [J_[ ﬁ%ﬁ{%ﬁiﬁﬁyﬁﬂj $% Table 3 Mean frequency o;g;oglig;ﬁgwng age and sex
ZEIA] 2 53.50+2. 89 (SE) , Hrpr, K41 (79.29% ) ff&f”” Mean f1~eq;:;lcy fﬁw/'\
RAE Imin 7247, AN 1—2min, i D HOH S 4min, (Mean=SE)
T A ST L IR S S o "
PR 54T HAEHEE Adult female 0. 58:+0. 08 70
ZAES BB, B AT R FIRF LB M AE AL wtr e Adult male 0.48+0.05 40
AEMEPE S HETELR (Z=-1.429,P=0.153>0.05,n, =
68 ,n,=37) AWM (B DR 5 AR (AE
WERE) 4 ( Z=-0.303,P=0.762>0.05 ,n,=93 ,n,=105) Hh , YT B EVEEF
F4 FHERLITHBEREAEEREEINTHSE
Table 4 Mean duration of geophagy among age and sex
AR RS Y&+ Rt/ s LY AR A
Age and sex Mean duration ( Mean=SE ) Range Sample size
BL4H Infant 58.86+7.83 13—195 n, =36
DAERE Juvenile 55.28+6.69 11—240 n, =57
BUAEHEE Adult female 54.99+4.26 17—165 ny =68
BCAEMENE Adult male 42.81+3.62 14—97 ny =37
FAGAEL Group of immature 56.67+5.07 11—240 ns =93
WAEAL Group of adult 50.70+3.08 14—165 ng =105

2.7 FHELE
207 B A7 MEHE T FA R (g) M 1.2820.93(SE) , Hi &+ f>1g 19,5 40.10% , %5 2%
B R AEAERA RIS A3 A

®5 FHRIBEFRIEINFHSH

Table 5 Mean amount of geophagy among age and sex

szl FHE g g FEAEL
Age and sex Mean amount ( mean+SE ) Range Sample size(n;)
BLUAE Infant 0.70£0. 11 0.31—3.72 n, =41
AERE Juvenile 1.04£0. 12 0.33—4.34 n, =56
FRAEMEPE Adult female 1.81+0.23 0.31—9.92 ny =70
AR HEYE Adult male 1.49=0.21 0.31—6.20 ny =40
FAAEA Group of immature 0.90=0. 08 0.31—4.34 ns =97
AR Group of adult 1.610.15 0.31—9.92 ng =110

ZoAR SRR ARG I, P-4 1 - do 0 AT P 4 5 SR A M P4 ( Z = -2, 426, P=0. 015<0. 05,0, =70, n, =
40) ARBAEH S AR (Z=-4.152,P=0.000<0.05 ,n; =97 ,ng = 110) Z 0] SFFTE W TERE 52 U M1
S+ T R BRI & i TR MAE
2.8 FHEEMIRME L ESHESERTALR

PSR T A R SAE S AR AT TR E EZMEH ., 25k T FHE R kE+
AR MEE A SERF A Z BN ES Gt R BRI B EWE S (P>0.05), Hi gHiRY
A e R G HE e ( =3. 641 ,df=3,P=0.303>0.05) ; Mt (x* =5.910,df=4,P=0.206>0.05) , &+
SR RS HE  HEVE (* =1. 898 ,df=3,P=0.594>0.05) ; #itE (x> =8.870,df=4,P=0.064>0.05) ,
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B AT RIE SR A R R, X — R B R A TR E A MR K syt
XN E LA AT K 3 A D5 RN R Ok Pt 242580 137 Qs IE HIRMAT 25
MEQ@E AT A H B (RIE AT B3E AL 2

AW IR o, B R RE R E 05 SR R 8, X R SRR H R R A L BT
H B s B2 s REBE A LR OB AETE & i 2 MK 2 R 1248 R IR iU, 280 2 58
SRR REAT oA AR FOE B b R g, BRAMITSE T, 2O S B, A AR 4 MR A\ S B bR 1T AR
BB AR R | Gl A MRS DT HGE RS B B R 3. X5 B8R ( Macaca cyclopis) =
AR ( Macaca fuscata) [12) MEHE ( Macaca radiata) [14] AR L L X A 2% 32 R ( Hybrid Macaque ) R GBS
I, BRAME AT PR G R B I R AT A KU 2R A R AR B AR AT
NP AAR R R R MA Z 5 '] A7, RS A AT N AR E 2170,

REBAKEDY, 45 ANELEN ) TR md SR 00 L8, 7EPYIR AR b IX, 2 N —H & &
Wt VB BRI ANG AR I AIE L ORG ERESE T B A FE T R, — ELAR B E A I
R — i, IR SRR, T B AL 3 AR OB S HHEE SR Qai i & AT
SRR L 2R s @I B S A TR A AR AR e P T R R, B A P B
eIl A A R IR A TR, SRR T IR

ANTHRESREH 35 T E AT AR AMA, Knezevic il , #i B 7E Cayo Santiago [ ZE/ bl
HETAI I ( Macaca mulatta) € 47010 64% RHALEN THREE B AR (66% —73% ) ') M 75 s JL v Hb
DX A SR (62% ) 71 AT SN o AR BIF  B LR A% o AR B B AT 0 2 (69. 48% ) I 7]
Bl FEAEPEAN TR ARG, mILE RGN TR (I E5OR) e Ragay, B hE2 s
WIS . PRI, o B AT R R AEE N TS, AT R SR 4, U HJE b iy 08 52 A iAoy R % 22
fift B W AN TE BT TS 1 I O

WPICRA I — HERT S R KR LAT B 28 B G 0T s R s i A K Ok Bl RN,
TEHXHE T 55 P20 I FLI ] A A 88 1 R A O P A A i A et B 9 & i - I DAL
FRESATSEIE] (2—5 F) WEME IEAE 22 A S A LI, 75 SN SE R B AR W) o R | DA A BT s A
TRIJTHFER DG, X —IURAE QTSR LLR AR INE 2303 Th W2 fo o g T e 2 i ot vh A 4

AR SCNAT g A 252 R SR BRI ST A ) £ B2, w020 T s L R B AT O SR AT B
LI R B AT s AL R e R ATV AR DR BR VP 2R, T e — R R R BU LM I R ERSEEM . Il Rk
MRS Bt — 2D 25 G o) A S 33 3 DT, NI M R KRB IRy A dvy BRI MRS AT
B, DL A Y | R RR G LA 3T SRR vk A AR W R R R A
Wy A 5 AR 0 A T, A REARAS SN A B RE , [RIE, R B A WA R R LA R B R A
TAT L] R E NS ENE,
BT : 5 [ A 9 7K ATE R A A2 2R Carol. M. B 247 X A U SO B2 114 16 ke i) €0, S 2 3L 3508 4 SC ik
FIERE AR Glander. K. E. B HEH 73 SCHR 5 57 10 XU DCEF AR s v AR T H OB AR R BF S i 4
e 25745 By e MBS
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