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.\!Jstract: \-!any wildlifP >pPcit>s tngest soil while ft•t>ding, but ingestion rates art· known for .mlv a fnv 
'P''ctes Kn"" ing in>;t·stion ratt·s rnav lw important for studies of t•nvironrnentaf t•ontaminanb \Vildfift• rn,,,
lllgest soil dt•liberutelv, or incidentallv. wht•n thev ingest soil-laden forage or anitnals that contain soil \V,• 
fed whitt>-foott>d mice 1Peromyscus leucopus I diets containing 0-1.')% soil to n·lait• tfw dlt'tan ""I t'l>lltt•TJt 
to tht• actd-tnsoluble .1sh content of scat collt>ctt>J from the mict'. The relation was desndJt•d In .1n o•quatiun 
that required estimalt's of the percent ,Jcid-insoluble ash content of the diet, digestdJilitv of the dtt'l, ~nd 
min<'ral content of sod. \Ve collt>ctt>d scat from 21> wildlife species by capturing antrnals. se.trehing .qJpr<lpn,ll<• 
hallltats for scat, or remm ing material I rom the Intestines of <Inimab collt>cted for otlwr pmpnses Wo• 
rneasun•d the <Icid-insoluble ash content nf the scat and estimated the sod content of the dwts hv mt11g the 
soil-ingestwn t•quatron 'iotl ingt•stion t'Stimates should be considered onlv approximate lwcause tht>v dt>pend 
on estlln<Ited ratlwr than mea.sured digestdJilitv valut>s and because animals collected I rom lot·ctl poptdatioiJs 
at om· time •>I the yee~r mav not n•pnest•nt the species as a whole Sandpipers 1Calidns spp I. which probe or 
pt•ck for Invertebrates 111 mud or shallow watt>r, consumed sediments at a rate uf 7-:)()'-'f, ol thetr dit'ls '\int•
h,Htded e~rrnadillo 1 Dasr;pus rtot:emcinctus. sod = 17% of diet). American woodcock •.Sculopax """"'· I()'';:, 
and raccoon I PrOClfOil lotor. ')'';-I had high rates of soil ingestion, presumahlv bec,llli<' tlwv .lit• sod ore;•llmtm 
Bison I /hwn Jn·srm, 7"-; ), hlack-taded prairie dog 1 Cynomys lrulovtcianus, S% ). and (:.Ill ada l!;t.'t'S<> , Bmnta 
nmadens1.1. ,'l'';, I t'OIISI!nlt'd sod at the highest ratt:'S among the herbivnn•s studied, and varin11s hrowwr.s >t~tdi .. d 
('llllSI!nted little sotlllo.x tttrtle l'f,'rrapene carolina. 4%), opossum (Didelphis r;rrgin:ana . . i"·Ai, r<'d fo, '\'rdpes 
•Hdpes. :3%1, .md wdd turkev 1.Heleagns gallopaw, \J"'o) consumed soil at intt•rnwdratt• ratl's. lngestt'd soil 
""" be the princ1pal rnc>alls of t•.xposure to Stl!llt' environmental cuntamlflants or the pr~nc1pal sourcP ,,f 
certain mrnerals. Sod-tngestion t•stim.Jtes may lw rt~q11ired for risk assessments of wddlift· lllhaiHting t'll!llam
tnatt'd silt•, .llld for l'11lllpllting budgt'ls 11f those nutrients associated rnamlv w1th sod. 
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Wildlife may ingest substantial amormts of 
>oil while feeding. Concentrations of some el
ements .md t~nvironmental contaminants in in
~ested soil may be so high in comparison with 
the concentrations in an animal's diet that the 
soil becomes an important means of exposure 
(Arthur and Alldredge 1979) Estimates of soil
ingestion rates arf:' required for risk assessments 
that attempt to include all sources of exposure 
to environmental contaminants. Soil ingestion 
also may be. important to animals by supplying 
nutrients or by interfering with absorption of 
nutrients (Allen et aL 191-36. Garcia-Bnjalil et aL 
198/-3), Arthur and Gates ( l9HH) estimated that 
soil ingested by pronghorn (A.ntilocapra amer
icana) (.5.-1% of diet) and black-taded jackrabbit 
''~epus californicus) (6 :3% of diet) contained 
more than half the total vanadium, sodium, iron, 
and tluorine ingested. 

Deliberate ingestion of soil by wildlife is well 
documented; the list of animals recorded visit-

ing salt licks or ingesting soil trlt'ludes -.'50 'P<'· 
cies (Cowan and Brink l ~149, Hebert and (:ow an 
1971. Weeks and Ktrkpatrick l97(i. Kretdcn and 
Jager 191-34). Deliberate soil ingestion is seasonal. 
is especially common in ungulatt~s in arid areas. 
and in general prohablv n•sults from an in
creased need for sodium ( Kreulen ,wd Ja~er 
1984). The acid-insoluble rf:'sidue of scat from 
a herd of bighorn sheep (Ov1s canadensis) in 
Alberta was as htgh as :10% (Skipworth 197-11. 
Box turtles have been obsen<-'d ingesting soil. 
probably for nutrients other than sodium i,Kra· 
mer 19i3). Lizards, cro<'odiliam, and tortorSL'S 
also deliberately ingest S•ltl !Sokol ID71 ). Hing· 
necked pheasant (Phaswrws 1·olchicus 1 I Ko
pischke 1966) and many otht'r av1an specit•s Ct)!l

sume grit. either to supplement thetr calcium 
or because it is abrasive. 

Wildlife also ingest sod inadverll'ntlv. Sand
pipers probing for invertebrates on a mud Hat, 
for example, ingest soil with food items. From 
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;ll to ti()''"; sand \~as reported 111 tlw .IIirnentar' 

tr.1dS ,,t 'i spt•ctes of ,!JoreiJirds 1\n•der I 'J.) I 

\\'n<>Lkock f.-.edin£( on L'arth'"'rm' IIll!t'St '"d :n 

the t>arth""rrn's gut e~nd "'d "ll till' ,,,,,,d,. ,f 
the earthworm .. \rm.Jdillo ,t,m,whs l1a\t· tlt't>ll 

l<lll!HI to c11ntain lan;t' e~mo1tnt' .,f ''"1. pnd,.d,i' 
'''l!':'>kd "tth 'oil orgaiW•II1> ( :hapm.lll .111d 

Feldh.Jrner llJ'i:2) CrazL·rs iiH(t'St drwd lllltd <Hl 

l!Lhs .llld "lll attached to rnnts 

In ,tudit·s <>rl grazl!lg domestic atllm.Ib h ,,., 
d .d l'JH:2a!, sod-ingntinn raks '''11alh l1,1''' 

lwt·n t'Stl!natt'd from the sod conte11t nl tlw <11-

,rn.ds' 'il':lt Tht> ,,i\ in sc:J.t !llclttdt·» snil ·.leld'
,·ratelv tlll!t'Stt·d and "Jt! inndt•ntail\ lrll!t''kd 

dming fe,..ding and grooming 'iotl ,_-,ntt>nt ',f 

··eel' is gener:tlh ,,,tim,Itt·d from .Ic!d-msoliiLI,· 

.1sh content : '-ikipw<>rth ll)7 I: 11r Fr11111 c'tllllt'll

lralton' in scat of .lll ,.\,·mt'IIt ;,~tch ·" IIL!IIItllll 

l !t•..Jh I ~Jb,'i. Fnes t't .tl. 11l'i:2u: "l11ch is .tf,,,,_ 
.!..Jill in soi\lll!t !nund '""' .1t lt>w c'<>lll't'ntuti"l" 

111 I ""d i t...ms 
\\',. t'Xarnined tlw relation lwt'"'''ll dwlan 

,,i},·tmtPnt and perct'nt ac!d-mst>hthlt' .1sh <'tlll· 

It'll! ot scat of whitp-foot...d min• kt'pt l!l<it·r 

l.dJ<lratorv conditions. \\·t· tlwn t·st!lllatc•d .tl 

··ragp sod-1n~estion r.tlt-s lor .1 ':trlt't\ ,f spt'l'lt'' 

\lth!lllgh 'am pit> SIZ<~s .trt• !l!adt'<JIIalt· to ['f"' I< it· 

t hornlll.ih data fllr <·ach '!'''''It'S. t h,., !dt'llt d-. 
tht:st• spPt'lt'S ill[!t'sting ,,,f,,t.llliul .ll!llll!!lls ,[ 

"llf 
\Vork """ ><tpporit'd Ill p.trt II\ tlw ( >lhct' «1 

l'ol1cv. Plannirll! .tnd E\.dl!,tlit~ll <>I till' 1 S, [:,,_ 

'ir:lllnwntall'rott•t'tl<l!l .\[!1'11\.'\ ', 1\ \ld\,·r l'r<JJ

,.,-t Oflin'r ,1 L J Lt>< :.tptain .tnd J [) 1-:i.'<'lll,lllll 

''"1\ected some samples .wd c·.trnt·d <>IJt '"'llt' 

.lfl:lhSPS [) \ jt'tt prm·lllt'd t'\[W!t\)1' <Ill tfw 

wlnte-toott>d mom1· pllrti<HI nl tlw ,(lid\ (; F 
F nes and 0. H. Patt1'e re\ ie" ,..d t lw ma111 her 1pt 

S Cotte. P Henn 1\: L..1r>on. C L1nder. r 
\!ills. C. He1d. H. Sanclwz. S 1\: 'ik.Jgen. 1\: 

Stc•nt', and \1. VJnder Haegen .tsslsted wtth scat 

c·nllection \Ve handled arurnals 111 the st11dv ,tc

cnrding to a protocol reviewt'd ll\ the .\nim..1\ 

L..1re and Cse Committee of the P.ttU.\t>nt \\'ild
life Research Centt'r. 

METHODS 
Acid-Insoluble Ash of Scat 

The rat10 of acid-insoluble e1sh to dn mass 111 

most animal and plant tissues ts ,\!;enerallv ,1 t'·" 

percent. \lineral sod, in contrast. gt'nerallv L'<>ll

tams :o:80o/o acid-insoluble .tsh Thi:; meam th..1t 

a sod l'Ontent of a few percent 1n animal or plant 

ii,SIIt'SC:lllfW lllt'.lSI!lt'.\ \l\ l'lillll! 1[,<1 

\\ t' foll<mt'd 'll,df"rd t!ld \[, < .r,tlil 

,,,mple .tnah 'l' 
\\.t· th.t'"'d .111d 'tJrrt·d t'.l< h ,, .li ·-"''i', ,, <I 

tr.lmterrt•d .tl12-l I) ·c. ·-lll"·"'ll'lt' l11 ,, , 

,l pre\\t't\!ht'd .)0-rnl. ptlrt.'t·Lttrl 1 1~H :\,:,. 1 'w 

'r11cd>lt> "-L' ,\rwd t"r .tppr<~\lltl.lkl, ~- '~<":r, 
,It ll!ll I ,111d :lw11 '-"'a_dwd l'!rt· -.ttt'['l,- '' r, 

c:r.!d!t,dh lwa!t'd Ill t :nttl!lt• itlr\1,1• ,. '" l--111 

.t:-!Jt•d r!)!" ') lHlllf'), IHI!t'd. ,I!Hl \\ t'l'_',i t·d , \ 

.,tid,·d j mL <li h's II<:\ .tl!d '''" ·!' 11111" 

dr\Tlt"-.S 111 LdHnlt! iH~llr <1!1 t 1<1! Lt!t· \\ :·r· 

<'\lLtclt-d tlw ,,llllplt> 1111"- :I lt<•l- I \1 li,,[ 

hltt·n-~d lhr()\1\!,h cl --.!1)\\ ,·,ldt• ... ..., :!Itt~- ,1!\t•; 

\\li.dman -L2: .,,Jllch .,,_,, rt·lt!ll.t'<i ''' ·!w 1'1 

, ,Lie I'll<' ,-r<ll'd>it· "-l' 11<'.11•·.\ '" r,llll I 

ITlllHlt• !'llfn:lc't' lor :2 li«III'S <«•it·.\ ,111<1 .,,,_,.d 

\\ ,. t'\prt·~~ed rt·-.,tdl> .1:-- .t\·td 1 11--'llttt·,,· 'r: t·· 

'itft.d \l\ 'In· ma_,, 

\\·<. ,-"k'dait-d nwtiH~<i dt·lt·• t'"" ;,,,1 . 

II 

t' 

.. f.utdard dt•\Jcttion lllt',t>liit'd 111.1 "'t'!lt'" d -pih.t'd 

',llllplt·~- rnldt!plied I" th,· 'lltldt·nt . ·'""' ·,r 
/

1 = (} l)j l S l·~II\][f)f} i>r{d \L!,•'Tll'\ \ Jl/.2 •tf 

.1 ,,_unplt• t)t II.) 1.2: tir\ tht· tl\l'liltlt! lt·f•·\ t:•1n 

~inut \\"..iS()-;.)··; ,t.)IJ dn tll .. l"" .trHl !·>t .1 ·.~tn

i'lt• ,II) :2 l! tlw nwlht~d .\,·It·• lt«l! lrtllll "_,, :2 

,t:--,h t!r\ rn .. t:-." g,ltlt \,dltt'" ._,,.r,· ''l';t'.,t;t·ril t11 

,dJ<lllt I) 110-t g \\t· 1 !rt•c·kt·d c<ll.tl,,,., I•\ 1'-!li;lllll! 

,, ,,llll[lit· tJI !ltJrt!Jt'rll 1>"1"' h1t•· ( •!filii<> • uc:·nt

<11111-'' 'l'.lt '[llkt•d \\!til ,J •tJ!I I!!< I I •!111'11< ,ti<' 

'-,llllplt· ''tth ~·:u.·l1 ~r,HJP td ,0 ,ltJqd,· 

Sotl-lngestton Equatton 

Tfu· p11rpn"'" 11~ !111· ...,~~il-lrit!'.·'>tr~'rl \··;1: tl11':1 \'.t' 

t•> , • ....,tJrn.ttf' the fLHti!Hl td '>t>Jl :r1 t\11· i:t·l. ·Ill 

p,tr.tiiH'lt~r" \\t' t'....,lliilatt•d .ltld ·r11!Jl i·r· 11 1·.~ 

!llstJI!lhlt• .t,h <'illllt'llt •>I I lit• "'-11 '-' 1111 i !i<',t" 

•llrt'd \\',, ddin•·d ~ "'ILl< ll<~ll ! .,.,, "' .],,., 

llr\ rn....t'-1) 1: 11 ~ di~'·"~tJhdit\ ,1( I•HH[ 11~ · ·.\'" 

!J = ~._·,nJct>ntr.Itinn ,Jt .Jcid·ltl'-illlJidt· t',ll :r1 :.·t·d 
drY [fl;j SS ) ; ~ll ll1 I' :::-: l I ) ll t t' fll r ,lt I 1 I I I II h ! l 1 t ~I 

'"lllblt> .tsh 111 ;od ·dn 111,1,,, \\ ,. rht'" ,!,·tll'-'''1 

lradwn ,f dwt that was l<Hai 

"t did that was dtl!t'Slt'd ~ rl 

"f dwt lo!!lld lll :;cat = I 

!r 11 'l1'll 

:I H 'I• '[\ 

,,f SC:lt th:1t \\:IS aciJ-ill,<>itlhft• .L'II !r~t<ll !·" <t 

l!\l - tl: .l!ld fr.tdl<lll .. t ''-" ti .. tl l.l' :rl

lllS<>illhle ,tsh lr"rn "'" = 't \\ ,. ''-l"'''"·<i 'lit· 

.lL'!d-!n,t!lttiJit' aoh Ill scat 'I .ts 

\"I 

'iolving For x 'wlds 

X = I !J - If - II If : <Ill 

• 
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1n•d In a'httlt.; .111<! w,.it.;hing 
•rd .tnd \!('( :r.tlh 'l ~JHb\ for 

•llrr<·d e.wl1 "''li ·.antplc .llld 
II g 'lli>."Lrtlfllt• dr\ lll.LSS) lo 
•tl. j)<•rn•lain crlll'li>l ... Tlw 
lor :tppr<>\LLLI:tl<·lv 1:2 ho<tr<; 
\\t'igiH-·d rlw "ltllplt• was 

' .t rn<dfl,. I ltrna\'t' '" -l!iO ( ;, 
,.,,,l,·d .. tnd '"'le.lt•·d. \v,. 

II( :I .tnd tn .. k I h,· sarnplt' liJ 
ho1rr 011 . .L lrol pLLit· \\',. n•
,. <rilo :; rnl hot 1'; II( :1 .tnd 

slmv. asltlc·s.s lill<'r papt•r 
"IJ wa~ rl'l urn,·d It> t fw <TII
w:h lw.tlt-d lo IJOO ( 111 a 

iJ<HtrS. I'IIOI<•tl. :llld Wl'it.;flt'd. 
.s ·'-'• .wid ir""lui>l<· rna" di-

·thud dPit't'tll>fl lirnits as th•· 
lt':ISIIrt'd in .I Sl'l"lt'S of 'ipikl'd 
!., lht' Slndt'nl s /-vain•· lor 
IJLL I' rot .\l!;t'liL'\ l <Jq2). For 
dn 1 tht• nwtlHHI dt•lt't'lloll 
1 drv mas.>l .. tnd lor .t sam
'"d dt'lt•dton li1nit was 2.1 •;. 

it'·"''''' w•·n· t'qnivalt·nl lo 
IH·l'kl'll an.tl\ "'' J,, run rung 
,j,,l,willlt· ,( 'ul111us nn;uti· 

>th )'', '"" .111d .t duplll'.LI<· 
""!' .,j IIJ s.lltiplt·s 

atton 

~ ...,,ttl-ingt·...,tioll t'qttalion '"as 
l<lll ,j sod Ill lilt' dit'l !rom 
ll,llt·d ,lilt! from tht• .tclll

,j I ht· scat, '' hH.·h '' L' rrwa-
1 rad It> II ot .soil 111 did 

stthi!itv of food 1<!rv mass): 
t .wtd-irisoi<Ii>i•· ash 111 food 

r'<Hl<'t'lllration ol acid-in
!"\ 111ass• \\'" tlwn dl'fined 
w a.s I ood • I 
t•sted ~ 1111 

l = I II\ I 

x. fraction 
x ), fraction 
x); fraction 

·IJlsolublt> ash from food = 

11 >II of 'cat I hat was ,Jcid-
111 -~ t'X. \\'e t'.\lH"I'SSt'd the 

'cat ,y 1 .1s 

, ('.\"I,\ I a[ I X jl. 
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This equation was derived from basic as
sumptions about digestion. Before it was applied 
in the wildlife survey, howevt'r, we tested the 
<''Illation on mice under controllnl conditions 
to t'I!SIIre that ·~mpirical data ht prt•dicted values 
of tfw equation. 

Laboratory Mouse Study 
\Vt• maintained 2.'5 white-footl'd mict• indi

,·iduallv in stainless stet'! har1ging cages ( U:l x 
I:) < 10 ern), at 2.'3 C:. and in l-t homs light/ 
dav .\mash diet (Nat!. lnst. Health 07 rat and 
mouse meal) was provided ad libitllm in \V al1-
mann critical ITlt'asurernent powder feeders, 
which minimize spillage. 'vVt' placed papt'r be
IIt':.tth cages to collect sc:.~l. \Ve prepared diets 
umL.tining 0, 2, .'i, I 0 <lr ].)o/r, Beltsvillt' fine 
sandv loam. which had bt•t·n drit'd and sievt>d 
(:2-mm rnt•sh) Five Ill let' wert> assigned random
lv to each treatnlt'nt and wt·re ft>d trt:>att'd diets 
for -I days. \Ve collectt'd scat during tlw next -I 
davs and n·conled food crmsumption. Thl'n we 
ft>d mice control diets for -I days, randomlv as
signt•d mict· to .1 nt•w treatnwnt group. and re
Jlt'ated the process to ohtain lO values of pt·rcent 
acid-imoluble ash in ocat for each diet. 

Tilt' mash diet had ,, 2.2"0 actd-insoluble ash 
contt•nt This is higher than would be expected 
in natural diets hecaust• the mash diet contairlt'd 
gr<Ht!ld limestone. Lllll' oxide. and ollwr inor
gariic .supplerntents. The .tcid-insolt,ble ash con
tt•nt of thl' soil (c) was D:2~'(, Wt• estimated di
gesllbility as 7(i% by comparing ,tcid-insolllb!e 
ash content of the control dit't with that of scat. 
These parameters were entt•red into the soil
ingestion equation so predicted acid-insoluble 
ash content of scat could be compan~J with ob
served values. 

Wildlife Survey 

We collected. scat samples in various states 
( T.tble 1) from captured animals (eastern paint
ed turtle [Chrysemys picta], box turtle, white
footed mouse, meadow vole [i\4icrotus penn
sylvanicus ], armadillo, opossum. woodchuck 
[Marmota monax], raccoon, and sandpipers 
[Micropalama himantopus, Calidris pusilla, C. 
minutilla, C. mauri ]), from various habitats 
(black-tailed prairie clog, white-tailed prairie dog 
[Cynomys leucurus ), red fox, white-tailed deer 
[Odocoilew uirginianus], mule deer [0. hernia
nus], bison. elk [Cervus elaphus ], moose [A lees 
alces ], and Canada geese), and from carcasses 
collected for other studies (feral hog [Sus sera fa], 
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blue-winged teal [:\nas discors], nng-n<'cked 
duck [Aythya collaris ], w< •od duck[,\ ix sponw ]. 
mallard [..-\rws platyrhynchos), and .\nlt'rican 
wdodcock). 'vVt:> ttsed onh samples llnc·ont~mi
nated by soil and thought to he no older tkm :2 
days. Samples wert' kept irnzt'n 11111 i! analvs1s 

Earthworms :.tre eaten by rnanv spec1~:s "f 
wildlife and contain mul'h soil. \Vt' cn!le..:tt•d 
samples of 2. species (Lwnlniclts mhl'lilts. f-:i
senoides lonnhergi) and measml'd .tcid-msolu
ble ash content. 

Digestibility and Acid-Insoluble Ash Content 
of Soil and Diets 

We did not have estimates of I he ratio ol acid
insoluble ash to drv mass of diets withrll!l soil 
for wildlife. but we used 2";, for all anmtals. 
assuming that the true value was lt•ss fm all diets. 
We estimated acid-insoluble c~sh content of soil 
as lJO%. expecting the :.tctual value gt>nerallv to 
be >90%. 

'vVe assumed digestibility of summer diets of 
det•r and moose at 62~i·, from :\rthur and All
drPdge ( l\)79), who found that on avt'ragt-' nwle 
det•r ingested !,:390 g rAIIdredge et a!. 1971) 
and produced .'527 g (Arthur I ~l771 of scat pt•r 
day in summer. Other grnt'rs wt•rt• probablv 
slightly less efficient. Forage digestibilitv for cat
tle on rangeland was •~stimated :tt -19% in )11rw 
:.t!ld nn in August (Mayland Pt al. llJ77) Bison 
..trt~ thought to he more dhcient than •·:.~ttle in 
digesting poor-qualitv forage ( ~!eagher I \)7.'\ I. 

so we assumed digestibditv was :)0%. \\',· IIS<··d 

the same estimate for elk, which t•at grasses .tnd 
forbs in summer (Boyd !97'l) Wt· sdectt~d .).')";. 
for meadow vole, following Kevs .md Van Soest 
( 1970), who showed t~xperimental dwts contain
ill!!; .'50% orchard grass (Dactyl is glorrwrata) or 
brome grass (Bromus spp. • (and .)0% milk and 
starch) had a digestibility of abo11t .).')%. and 
Batzli and Cole ( 1979), who t~stimated digest
ibdity of monocotyledonous shoots as ,)4~!·;! and 
of Jicotyledonous leaves and stems as 71%. Tlw 
white-footed mouse aud other omnivorous 
mammals have higher digest1bilities than do 
small grazing herbivores, s11ch as voles ((;rod
zinski and Wunder 1975). Consequently, we as
sumed digestibilities of 6.'i% for wlnte-footed 
mouse, woodchuck, and pr;urie dogs. Ft~ral hogs 
are omnivorous, eating prirnanly mast, herbs, 
and fruit, but also roots, •nushroorns, and in· 
vertebrates (Chapman and Feldharner I9H2.). 
We assumed digestibility to he .)0% according 
to 3 observations: ( 1) total digestible nutrients 
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'.o ,Jmplt:"~~ 
.JIL..Ii\.'f"'d 

'i[)("t":lt"S . ..~nd ,tJ.te .~nun.d:- ),lrll\llt'' 

1\ox turtle. \I d. ~ 

E..1stern paintt-'d t ltrtiP. \td '! 

\\"lute-fnott'd ITI1lt1St> \td 'J' 

\lee~dow 1ole. \td. 
Bl..~ck-te~ilt•d pre~me dog, O.:..~m 12 
\\'hi lP- Lult-'d pre~me dog, ( :olo .) 

\:in•·-he~nded ..trrnadillo. L..~ 'j 

()possum. \hi.. sc IIi 
Fc>r..tl hog, 'iC I) 

\Voodchuck, \td. " 
Haccu,m. \ld 
Ked fn,, \I d. 
Wh1te-taded deer, \hi. lb 
\tule deer, \Vvo. ) 

Elk. \Vvo 
\1onst-, \\' \1) 

Bi>on. \\''I) 
Blue-w•ngt'd teal. \ll[lrl 1:2 
HJng-neckt'd duck. \linn I) 

\\'qod duck. \linn 
\lalla rd. \linn ~.~ 

C..tnaJa L;O<>Se. \td 
,,, 
-) 

Stdt 'andp1pt>r, K..tns 
Sermpalrn..tted 'andp!j.>t'r. o.:~m h• 
Least sandp1p..r, K~m h< 
\\'estern ,,wdpiper. o.:~n> I' 

\rnt"'ncan WIIOJCoCk. \It-> 

\Vdd turkev S.D 12 

\Lid-lfl'>OJtJtllt• ...1,)1 ••t 

'I· 

:~ h ,) 

~] .21J 

" 
-, I) ~I 

"•) I 2 
I 2 

12 ) -
11 q 1)2 

2S ) f) 

-:- ') I 2 
IJ 2 _2 I) 

..:'I '-J'I 

i I 2 I} 

I) ) ~ j 

h j I I) 

I I 
) I) 12 

I) 1)'11 
2 II iti 
!)-;-.2 II II 

21 I ; 
t)\) I I 

12 I ) 

HI 
)() 

21 
4.2 

} .) 

Iii .2 .. ) 

,;,jJ 

ILLn~t' 

) I) -I') 
II II 

) -I I 
1>11 
I!~ .I) ~ 

'' nO - ,_ 
l- --,I 
I 'J-.22 
I))-] q 

1 ';_ "j() 

l ...., - ~-; 

'I )q--t) 'i 
1) ).~-')I) 

Ill [II 

) - ) h 

I i-17 
I) 7_2 ) I 
<))Il-l 2 

II ) 

1) :h-1~ 
) ( l- ~.'-) 

" ; ~ Ill 

" I ~\} 

I '' ':•·•J' 

1 • .:•'''' 

1111'· 

II 

II 

.,, 

'1.-) 

''.) 

I) 

711 
-H) 

'11 

" ·-!) 

i)~ 

I)_: 
-111 

'• -
-")1) 

"il 

•>() 

••I) 

;!I 

') 

II 
II 

-II 

II 

HI 

ll.ltl'<! 

:t>~ 

-'I 

'I 

., I 

I I 

..: i) 

,21) 

.2 !) 

.2 I) 

" ' 
..: 1) 

,-

., 
II 
'I 

' \Vht>n ..t ).Jmple .tuah11:eJ W..t.'l .1 nHnpo\tlt' tht" rttr <Jt trHfTl.li'J , ~>mP')"ilt•· l\ ~IH'rl lfl p.!n•ntht--.r\ 
'· D1t•l-; .Hid dr~f',ttbdrlll'S wt-re ~·,IHII.ilt·d from 11lht-r pubh.,ht-d '!Hdlt:'' 

fhc lr.JctlfHl of '>Ud tn tht- ,lwt x 1 W.l!l ,•,tun.rtt•d !rom tlu• .. od ill~t"'>lion ··qu.llrou r "' h 'I • ·Jr1 <lll ; ' .... j It' I!' 1 '~It " '!I d I'>< q 111 de 
.t..,h rn ''-'.it. rJ -:: dtcf"shbdrtv .rl food 1drv lll..t~''·}, ~, nrH·r·ntr.Jturn .,j rud llh(lluhlt· l'•h 111 f..,od tin rrLI'>\ 
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• •Ill I'll! I 1! lo •I• •I I< .j ' 1'11111' 1\n 

ol a dnt:>d alfalfa diet (crude prott:>Jrl = 20"0; lt,d 

to swine was 50% 1Church ..tnd Pond l97 ~~- 1:21 

digestibilities <Jf 1'3 'hrubs ..1nd forbs in collared 

peccarv 'Tayassu ta;acu: wert> estJmJted tr<lrn 

)7 to 79% i.Strev and Brown l91-l91 . ..1nd )! di~ 

~est1bditv ol acorns m northern bohwlutt' 11 .1s 

estimated at -19% 'Karasov 1990\. 

\Ve assumed an average digestibilitv ot -J()<'; 

for turkev, according to estimates of :2:2-.'Sti\( for 

6 kinds of plants eaten I Karasov 1990 I \\'e as

sumed a digestibility of :25% for Cu1ada -~eese. 

following results of a studv of feeding on cord
grass !Spartina alternzflora l I K.uasov I <j':)() 1 .\ 

digestibility of :30% was assumed for mallards. 

from an apparent ent>rgy coefficient for ..~Ifalfa 
of :32% and values for 5 aquatic p!Jnts from 1.'5 
to :30% (Karasov 1990). Blue-winged teal. nng

necked duck. and wood duck t:>at vegt:>table rna~ 
terial and invertebrates 1Johnsgard 197.5 '· and 
we assumed the digestibilitv was 60'\'. a mugh 

estimate, from a wide range of digestliJ!hties 

rqJIIrt<-'d lor ,11wks t'.lt!JJ~ ,..,_:,·1.,),1,· "IL!i•·rLil 

· O.:..lre~sov llJYOI Tlw ·lf'{'Jrt'llt '"'" ,),,ll:.d·i·· t'\1-
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1\0rms IS 'jqr-; \·.uidt>r I J.,,.!.!t'll : "''-' 

c·ause l'lwffi,·wnt> for h1rds .·.1i, 'll,dt·,l 

lll..ltter tend t" lw ,lil!;htl\ ! .. ~~.·r 111.,11 
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l::d lit'-
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, 
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'Jio SOIL IN DIET 

Fig. 1. Retat1on between the ratto of acid-insoluble ash to dry 
mass of scat and the so1l content of the diet of white-footed 
mtce under laboratory conditions. The points are observed val
ues and the line shows the curve prediCted by the SOil-ingestion 
equation (y = [bi1 - XI + cxj/[1 - a11 - x}j, where y =the 
acid-insoluble ash in scat: x =fraction of sod in diet (dry massj; 
a = digesttbility of food (dry massj: b = concentration of acid
Insoluble ash in food (dry mass!; and c =concentration of acid
insoluble ash in so1lldry mass]). The agreement between the 
potnts and line shows that the equat1on is useful tn practice. 

rnainlv soil invertebrates (Chapman and Feld
hanlt'r 1982) We expected digestibilities to be 
<V 'a, which was the approximate value sug
gested for carnivores (Hobbins l9H:3), and above 
the values of herbivores. (;rodzinski and Wun
dt>r ( l97.S) reviewed literature on energy use of 
laboratory and natural foods for omnivores ..1nd 
suggested an average digestibility of 77%. :--iat
mal foods wo11ld presumably have lower values 
than laboratory foods. vVe ..ISSUrned 70% J.S a 
ro11gh t'stirnate for these species. Because esti
mates of digestibilities were only approximate, 
estimates of soil ingestion also were only ap
proximate, as will be described later. 

RESULTS 
Mouse Study in the Laboratory 

Mice accepted foods containing soil. 1\lean 
daily food consumption per mouse, expressed 
on a soil-free basts, was :3.5 g at 0% soil, :3.5 g 
at 2% soil, :3.5 gat .'5% soil, :3.9 g at 10% soil, 
and :1.8 gat 15% soiL As expected, acid-insoluble 
ash content of scat varied with soil content of 
the diet (Fig. 1 ). Values were clustered about 
the mean of each treatment level, and data were 
closely approximated by the theoretical soil-in
gestion curve. 

Survey of Wildlife 
Substantial amounts of soil were ingested by 

several wildlife species (Table 1). Highest esti
mates of soil ingestion (7 -:30%) were recorded 

'"'\\, . ...,; 
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for the ·! species of sandpipt•r• .. winch proht• "r 
peck for invertebrates in mud or sllJ.II,,w watn 
(Johmgard 1981 ). Armadillo 1 17":: w"od('()('k 
(!J%), and raccoon (9'!{,) had Llw llt·.xt h1~lwst 
t~slirnates; they presumably ira;est l<lll .to tbt•\ 
r•at soil organisms. Bison\ 7'';, I, pratrit' dogs 1 ';";: 

and Canada get•se (1-j%) ,.,,nstlllled .1 ln~h JWr· 
L'entage of soil and brows•·rs con.-,mnt•d httlt· '"tl 
Values of acid-insoluble ash in '>cal ol titll'kl 
were very skewed. Samples from lll<>.sl mallanls 
contained little or no wdimt•rtt 1 x 7 • :\ )"; i, !>ttl 
10% of the mallards (out ,,f ,')111 with tlw higlw1t 
sediment content consumed ..tn ,.,tim.tll'd :21i'·; 
sediment in their diet. The lllt'an lor .j wuod 
ducks was below the rndlltld dl'tt•t'li<l!l limtt, 
but samples from 2 wood ducb t'<lllt ai!lt·d · 7()''; 
acid-insoluble ash. 

Percent recovery from spikt'd ,amplt•:, wa' 
9Wo. Helative percent differenL·t• ,,f the d1Ipli
cate samples was 20%. ,\cid·tflS()Ittble ..1sh tOll· 
tents of <>arthworrns san. plt·d w<·n· [.) \ Lwll· 
lmcus ruhellus) and 24'!(, (Eisentmii'S !tmrii;,•rgi i 

DISCUSSION 
Strengths and Weaknesses of the Method 

Our estimates of soil-irll~estion ralt's should lw 
considen•d approximate ("Ltbl<' l i Tl~t• .utah I· 
ical technique and 1mall >amplt• '1/J'S fm ><Hilt' 
specit'S introduct'd t•rror l 'sing tlw "lil-inl(t':.
tion equation to estimat<' dit'l..~rv \llll llll(<'stion 
introduct'd additional11ncntaintv \V,• know that 
soil-ingestion rates wmdd he expedt·t Ito dqH·rtd 
on ecological variables ar!ll that dt'lt'rllllltllll( .1 

value representative of a ;pi•l'ies wllltld rt•qltire 
more extensive sampling ..tt variott.:, sitt•o .tnd 
seasons. Waterfowl n•sults wen· most v.triahle 

Errors in estimating some paramet•·rs in tfll' 
soil-ingestion equation m;,v reduet' an'tirac\ ol 
soil-ingestion estimates. E:.timatt·d mlfl<'ral t'oll· 
tent of soil is probably IIO' an important soiirt't' 
of error unless soil ingested ha, .tn ll!lttsuallv 
high organic matter content. l'sin~ an t'Slimalt' 
of 90% throughout the study St"erns reasonahlt· 
In ..1 typical example, in which tlw soil-inl(<'Stton 
rate was estimated as .'1.2%. incn•asing tlw <'S

timate of the mineral cont•~nt of the soil to I UO"'c 
would change our estimate of soil ingestion to 
:).6%. Estimated acid-insolnblt' ,1sh content "f 
the diet is important for diets with soil '''llltt·nts 
close to the method detection limit of 2"i., htit 
it makes little difference for most specit·s 1 Table 
l ). However, some grass specit•s contain • :2"(, 
acid-insoluble ash (Mayland et aL UJ7.)). The 
lowest soil-ingestion rates were recorded as < :2"0 
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lt!IL<led di.:•·">tthilit\· '' proluiJI\ tilt' most •J·•r:oJtS 
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'-''''lthilit\ 11f lnson dtds \\,ts UJ'; r.ttlwr tlt.ttl 
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t•st:mc~tt>d stlli l'llflSII!ll[ltl<Hl !J, .21)'·; I [tJ\\ ,., ··r. 

\\ ht•fl t•sti!T1c!it'd dil.(t''tillliil\ iS ht.:h .did .ti'll 

in .. tn:,trate. t•rr•>r c·.tn I"· I.H'!<' II f"r t'\.tiiipit· 

di.:t·strhilil\ 11f .lfl opllsstllll .lwt '"'r•· "I) r.tth,·r 

tlt.trt -;-o•·;. tlwn soil,·•lll,tllllptllln ""tild .tLlllc~ll' 
lit' I itt It> more than lulf "hat'"' t•<ttm:tlt·d l :"n

"''iltt'ntk. tfw mean •nil-tfl\!l'Stt<>n t·sttm,tl•·s .trt' 

),.,, ,tccuralt' than mt·an ,tud-tttsollthlt> .tsh nw.t

'llrt>l1lt'nt; "t scat , T.dJit' it. 
Tlw mt'thods used 111 this .tttdv .trt• .tpprn

pn.llt• f<>r nwas11rtn.: rt·latt\t'l' ht.:h ''"lll'l'lllr.I

lt<'lll nf s11il in 'L':tt .. ltl<l the\ .trt• t'liSiPr tn ll•t· 
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Relation of Soil Ingestion to Feeding Habits 
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patnck 19/.')l. and tfus bt>ha>rtJr would nposc 

them to soil and contaminants 
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.1blv from soil adhenng to mgested plant ma
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.od :lt .1 rate 1 d 1) .'\~';._are proh

tth cattlt• on poorlv vt·getated 
.t";t ion mcre:L1es .1s I oragt· be
·,le 1 Frws c111d l'.lttstt>nhach 
lws on c:attlt· .1wl slit•t•p havt~ 
!ttsh vPget.tlional nmditiom 

I IS sod, hut wht•rt forage is 
1.1) !J, •• 1s l111.;h .ts I .')•·;. 1 Fri,·s 
Jq(}J \lost h.·rhl\orl'.s stiH!wd 
1 ·,od. llllWt'\ 1·r 'T.dJ!t• II. I<lk, 
I dt•t•r. rnult• dt·t·r .. tnd wood-

ratt•s of sod ing .. stiorl, al
:t• bt•en rt~portt·d to I rt>qnent 
1ml Jager I DH I I .\ r1imab de
~ soil .Jt salt I icks ma v not 
llll'h .soil inndt•nt:.d to their 
; IS not llt'l'essardv .t'lc><·iated 

•:oil irw;estion .. 1s dlmtratt•d 
tits. Wt> had npt•ded fnal 
e quantities 11f soil bet·ause 
! lnht>rs I !ownt•r. ft·ra! lwt.;s 
'\S soil 1:2 .')";,) I k111 ha.s h1 '<'rl 

, lor dorrlt'slil' '"lilt' 1 Fries 

<HI sod t!IVI'T'tt'hratt•s or 
:sociated wtth ~t·dinwnts mav 

sedtfT!t'llt E.trthworrns are 
I! II. . \cid- imoluhlt· .1sh con
' haw· lwt•n llll':l>llrl'd .1s 1:) 
.1.1nd .)---~!·;. ,')t:dford .1nd 
d contt•nts lu v•· ht·•·n ,._sti
r t•l .d. l\)q:ll ,lfl<i about :20~'1) 

-\quattc organlsrl!S 111av c·on
!<Hlltts of '<·dimenl. the btlr 
:a!!cnw lrml)(ltll I 1s t•stimat
l"dnnent .lLtn• d .d. 1\Jh\ll 
lu~h concentration> •>I !.·ad 
s ( lltrdsall d .d. I <JI·Hil .trt' 

with mge~ted .sediment. 

v1 PLICA TIONS 
,1 means of ,.,lirnating e•x
'oilt . .-\rthm and .\lldredge 

:.~te~ l8HI'l) and some con
d. l9H2. \las011 t'l .Ji. 1992). 
in scat rnav h·· asstlrtlt-~d to 

osure bt·callll' I ood moves 
wst drlirn.lls in :t ft•w hour'>, 
!:.tvs tlar~e mammalsl. Scat 
,lit' exposure w1thout harrn

n manv tnstances, without 
ts of scat to estimate expo
ntarninants is lwst suited to 
e poorlv absorbed from the 

gut. so that absorption and excretion can be 
ignored. In addition to knowing rates of soil 
ingestion for evaluating hazards of environ
mental contaminants to wildlife. w<' need to 
lt,arn about the bioavailability of soil-bound en
vironmt>ntal contaminants. 

Stud it'S on cattle (Fries 191'l2, Hussell et al. 
l9.'l.S. Fries <~nd Jacobs 1%6), shet•p (Fries and 
\farrow 19!32), and swine (Fries et <II. 19H2h) 
have shown that soil was the main somce of 
exposure to environmental contaminants that 
included lead, polychlorinated biphenyls, poly
brominated biphenyls. hexachlorobenzene, anJ 
DDT Bec:wse soil-ingestion rates of some wild
! ife species are estimated to be at least as great 
as those for domestic species, we conclude that 
onil ingestion is <~lsn an important ro11te of e_,_ 
posure to environmental contaminants for wild
life Wht•n an environmental contaminant is 
prest'nt ,lt high conctontrations in soil but ..tt low 
concentrations in an animal's food, soil-ingestion 
rates should help in ••valuating to.xic risks to 
wildlife. 
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