[ Wildl Manage. 38(3):1994

secalogy of bird communities,
nsand patterns Cambridge Uniy.
|;)

TR RIS A
her 1993,
Morrison

tite Management (JWM) to evaluate
n

' 5

17 3239
55 137116
54 B53- 441
R3] [RRENEE]
31 176482
459

479

48h

657

ESTIMATES OF SOIL INGESTION BY WILDLIFE %
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Abstract:  Many wildlife species ingest soil while feeding, but ingestion rates are known for only u few
species. Knowing ingestion rates may be important for studies of enviroumental contaminants. Wildlite max
ingest soil deliberately, or incidentally, when they ingest soil-laden forage or animals that contain soil We
fed white-footed mice (Peromyscus leucopus) diets containing 0~13% soil to relate the dietary soil content
to the acid-insoluble ash content of scat collected from the mice. The relation was described by an equation
that required estimates of the percent acid-insoluble ash content of the diet, digestibilitv of the diet, and
mineral content of soil. We collected scat from 28 wildlife species by capturing animals, searching appropriate
habitats tor scat, or removing material from the intestines of animals collected for other purposes. We
measured the acid-insoluble ash content of the scat and estimated the soil content of the diets by using the
soil-ingestion equation. Soil ingestion estimates should be considered only approximate because thev depend
on estitnated rather than measured digestibility values and because animals collected trom locul populations
at one time of the year may not represent the species as a whole. Sandpipers (Calidris spp.). which probe or
peck for invertebrates in mud or shallow water, consumed sediments at a rate of 7-30% of their diets. Nine-
banded armadillo (Dasypus novemcinctus, soil = 17% of diet), American woodcock 1Scolopax minor, 109,
and raccoon (Procyon lotor. 9%) had high rates of soil ingestion, presumably because they ate soil organisms
Bison (Bison bison, 7%, black-tailed prairie dog (Cynomys [udovicianus. $%). and Canada geese Branta
canadensis. 8%) consumed soil at the highest rates among the herbivores studied, and varions browsers studied
consumed little soil. Box turtle (Terrapene carolina, %), opossum (Didelphis virgin:ana. 3%), red fox (Vulpes
nulpes. 3% and wild turkey (Meleagris gallopavo, 9%) consumed soil at intermediate rates. Ingested soil
may be the principal means of exposure to some environmental contaminants or the principal source of
certain minerals. Soil-igestion estimates may be required for risk assessments of wildlife inhabiting contam-
inated sites and for computing budgets of those nutrients associated mainly with soil.
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Wildlite may ingest substantial amounts of
suil while feeding. Concentrations of some el-
ements and environmental contaminants in in-
rested 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 are 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. 1986, Garcia-Bojalil et al,
1988). Arthur and Gates (1988) estimated that
soil ingested by pronghorn (Antilocapra amer-
icana) (5..4% of diet) and black-tailed jackrabbit
"Lepus californicus) (6.3% of diet) contained
more than half the total vanadium, sodium, iron,
and fluorine ingested.

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

3

ing salt licks or ingesting soil includes 30 spe-
cies (Cowan and Brink 1949, Hebert and Cowan
1971, Weeks and Kirkpatrick 1976, Kreulen and
Jager 1984). Deliberate soil ingestion is seasonal,
is especially common in ungulates in arid areas,
and in general probablv results from an in-
creased need for sodiurn (Kreulen and Jager
1984). The acid-insoluble residue of scut from
a herd of bighorn sheep (Ovis canadensis} in
Alberta was as high as 30% (Skipworth 1974).
Box turtles have been observed ingesting soil.
probably for nutrients other than sodium (Kra-
mer 1973). Lizards, crocodilians, and tortoises
also deliberately ingest soil (Sokol 1971). Ring-
necked pheasant (Phasianus colchicus) (Ko-
pischke 1966) and many other avian species con-
sume grit, either to supplement their calcinm
or because it is abrasive.

Wildlife also ingest soil inadvertently. Sund-
pipers probing for invertebrates on a mud flat,
for example, ingest soil with food items. From
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10 to 507 sand was reported in the alimentary
tracts of $ species ot shorebirds  Reeder 1951
Woondeock feeding on earthworms ingest sal in
the earthworm's gut and soil on the ontside of
the earthworm. Armadillo stomachs iave been
fonnd to contain large amounts of soil. probabi
ingested with soil organisms Chapman and
Feldhamer 1982) Grazers ingest dried mud on
urass and soil attached to roots

fu stidies on grazing domestic animals Fries
el al. 1982a soil-ingestion rates nsualhy have
been estimated from the soil content of the .-
imals” scat. The soil in seat includes soil delib-
crately ingested and soil incidentally ingested
during feeding and grooming Soil content of
wat is generally estimated from acid-insoluble
sh content (Skipworth 197 £ or trom concen-
trations in scat of an element such as titanmm
Healy 1868, Fries et al. 1982a which is abun-
dant inseil bit found only at low concentrations
i food items

We examined the relation between dietary
il content and percent acid-insoluble ash con-
tent of scat of white-footed mice kept ander
laboratory conditions. We then estimated -
erage sotl-ingestion rates for a vartety of spectes
\lthough sample sizes are inadequuate to provide
thorough data tor ecach species. they identify
those species ingesting substantial anonnts ol
\()ll

Work was supported in part by the Ottice ot
Palicy. Planning and Evaluation of the 1S -
vironmental Protection Awency (0 NMiller. Proy
cet Officer) L], LeCaptain and . D Fisemunn
collected some samples and carried out some
analvses. D A Jett provided expertise on the
white-footed mouse portion ot the studsy G 1
Friesand O. H. Pattee reviewed the manuscript
S Gotte, P. Henrv., K. Larson. G Linder. T
Mills, G Retd. R Sanchez, 5. K. Skagen. K
stone, and M. Vander Huaegen assisted with scat
collection. We handled animals in the study ac-
cording to a protocol reviewed by the Animal
Care and Use Committee of the Patuxent Wild-
lite Research Center.

METHODS
Acigd-insoluble Ash of Scat

The ratio of acid-insoluble ash to dry mass in
most animal and plant tissues is generallv a few
percent. Mineral soil, in contrast, generallv con-
tains =90% acid-insoluble ash This meuns that
a sl content of a few percent in animal or plant
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tissties can be measired by shung and wershy
We followed Statford nd Mocirah Pase

sample analves

W thawed and stirred each scat e gy
transterred 4 0210 o sabsampie i s o
& preweiched 30-ml. poreclan concbie T,
crucible was dried tor approxunatels 02 o,
100 Coand then werghed The ~ample w oy
[T

cradually heated moomuitle furnacee 1
wshed for s honrs, cooted, and swercbed T
added 3 mb ot oN HOT and ook tbe compre
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ertracted the samiple into 3 0l hot 7 FIOL G
filtered  through a sdow  ohiless blter paper
Whatman 420 which was retirned o the o
cible The crietble wias breated vo no0 ¢y
mutfle turnace for 2 hones, cooled and veratied
We v\.prt's,&ml restilts as aerdonsolutee e -
vided Dy drey mass

We calenlated method detection bt s e
tandard deviation meastired i sertes b spiked
samples. multiplied by the Stadent v came tor
=001 U S Foviron Prot Veenes 192 For
4 sample of 03 ¢ drye the method derection
Hmit was 07377 cash o dey mass and Tor aoa-
ple of 02 ¢ the method detecnon Timtwas 20
ashodry masss Both valines soere copas aient o
Abhout 0004 ¢ We checked aoadvses Ty rmmng
asample ot northern bobwute Coferne raane
arius ©seal sprhed with 377 ol and o dupneate

\lmplv with each vroup ot 6 INTIETRIES

Soil-Ingestion Equation

The purpose of the sotl-ingestion copdon was

to estitnade the traction of sorl i the et 0 an
paramelters swe estitnated and rom be
insoluble ash content ot the seat wick e e
aired. We detined v o= fraction o ol duet
drvmassta = digestibility of Tood s dr e
L = concentration of acid-insoluble el toed
dry mass)y and ¢ = concentration of e

sofuble ash in soil vdry masss W then denned

fraction of diet that was tood = 1 Coliactien
of diet that was digested = .1 Vot tien
of diet tound in scat = 1~ o ! vobracen

of scat that was acid-insoluble wen trom toeed =
bl = vroand fraction of scat that sas aouds
insoluble ash from soil = cxv. We vvpressed the

actd-insoluble ashomoscat vy as
y = ib{l = x] =~ cx U -l v
Solving for x vields

x=h -y ~ay wy o -5
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red by ashing and weighing,
rd and MeGrath (1986 for

stirred each scat samiple and
g snbsample cdry mass) to
alb. poreelain crueible. The
tor approxiunastely 12 hoars
weighed. The sample was
ca mulfle turnuce to 150
conled, and weighed., We
HCand took the samiple to
hour on a hot plate. We re-
e into 3 ml hot 3% HCT and
slow, ashless tilter paper
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was heated 1o 600 € in a
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s oas acid-insoluble muass di-

thod detection limits as the
wasired in o series of spiked
by the Student's r-value for
on Prot. Agency 1992), For
dryvi the method detection
1odry mass), and tor a sam-
wod detection limit was 2,14
hovalues were cquivalent to
hecked analvees by running
Fhobwhitte «Colinus rirgini-
tth 3% sod and a duplicate
oup ol 10 sumples

ation

ssotl-ingestion equation was
wn of soil in the diet trom
vated and from the acid-
of the scat, which we mea-
v~ traction ot soil o diet
stibility of food (dry muass);
Uacid-insolable ash in food
concentration of acid-in-
rv mass) We then detined
was tood = | v fraction
ested = (1 - x), fraction
t= 1 — al x); fraction
-insotuble ash from food =
ion of scat that was acid-
nl = cx. We expressed the
scat (y)oas

Fexsob gl x)
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This equation was derived from basic as-
sumptions about digestion. Before it was applied
in the wildlife survey, however, we tested the
equation on mice under controlled conditions
to ensure that empirical data fit predicted values
ot the equation.

Laboratory Mouse Study

We maintained 25 white-footed mice indi-
vidually in stainless steel hanging cages (18 x
I3 <10 em), at 23 C. and in 14 hours light/
dav. A mash diet (Natl Inst. Health 07 rat and
mouse meal) was provided ad libitum in Wah-
mann critical measurement powder feeders,
which minimize spillage. We placed paper be-
neath cages to collect scat. We prepared diets
containing 0, 2, 5, 10, or 13% Beltsville fine
sandy loam. which had been dried and sieved
(2-mm mesh). Five mice were assigned random-
Iv to each treatment and were fed treated diets
for 4 days. We collected scat during the next 4
days and recorded food consumption. Then we
fed mice control diets for 4 days, randomly as-
signed mice to a new treatment group. and re-
prated the process to obtain 10 values of percent
acid-insoluble ash in scat for each diet,

The mash diet had a 2.2% acid-insoluble ash
content. This is higher than would be expected
in natural diets because the mash diet contained
ground limestone, zine oxide, and other inor-
ganic supplements. The acid-insoluble ash con-
tent of the soil (¢) was 92%. We estimated di-
gestibility us 76% by comparing acid-insoluble
ash content of the control diet with that of scat.
These parameters were entered into the soil-
ingestion equation so predicted acid-insoluble
ash content of scat could be compared with ob-
served values.

Wildlife Survey

We collected .scat samples in various states
{Table 1) from captured animals (eastern paint-
ed turtle [Chrysemys picta}, box turtle, white-
footed mouse, meadow vole [Microtus penn-
sylvanicus), armadillo, opossum, woodchuck
[Marmota monax], raccoon, and sandpipers
(Micropalama himantopus, Calidris pusilla, C.
minutilla, C. mauri]), from various habitats
(black-tailed prairie dog, white-tailed prairie dog
[Cynomys leucurus), red fox, white-tailed deer
[Odocoileus virginianus], mule deer [, hemio-
nus), bison, elk [Cervus elaphus], moose [Alces
alces), and Canada geese), and from carcasses
collected for other studies {feral hog [Sus scrofa),
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blue-winged teal [Anas discors], ring-necked
duck [Aythya collaris), wood duck [Aix sponsa),
mallard [Anas platyrhynchos], and American
wobdcock). We used only samples uncontarni-
nated by soil and thought to be no older than 2
days. Sumples were kept frozen natil analysis.

Earthworms ure eaten by many species of
wildlife and contain much soil. We collected
samples of 2 species (Lumbricus rubellus, Ei-
senoides lonnbergi) and measured acid-insolu-
ble ash content.

Digestibility and Acid-Insoluble Ash Content
of Soil and Diets

We did not have estimates of the ratio of acid-
insoluble ash to drv muss of diets without soil
for wildlife, but we used 2% for all animals,
assuming that the true value was less for all diets.
We estimated acid-insoluble ash content of soil
as 90%. expecting the actual value generally to
be >90%.

We assumed digestibility of summer diets of
deer and moose at 62%, from Arthur and All-
dredge (1979), who found that on average mule
deer ingested 1,390 g (Alldredge et al. 1974
and produced 327 g (Arthur 1977} of scat per
day in summer. Other grazers were probably
slightly less efficient. Forage digestibility for cat-
tle on rangeland was estimated at 49% in Juue
and 42% in August (Mayland et al. 1977). Bison
are thought to be more etficient than cattle in
digesting poor-quality forage (Meagher 19780,
so we assumed digestibility was 50%. We used
the same estimate for elk, which eat grasses and
forbs in summer (Boyd 1978). We selected 33%
for meadow vole, following Keys and Van Soest
(1970), who showed experimental diets contain-
ing 50% orchardgrass (Dactylis glomerata) or
brome grass (Bromus spp.' (and 30% milk and
starch) had a digestibility of ubout 33%. und
Batzli and Cole (1979), who estimated digest-
ibility of monocotyledonous shoots as 34% and
of dicotyledonous leaves and stems as 74%. The
white-footed mouse and other omnivorous
mammals have higher digestibilities than do
small grazing herbivores, such as voles (Grod-
zinski and Wunder 1975). Consequently, we as-
sumed digestibilities of 65% for white-footed
mouse, woodchuck, and prairie dogs. Feral hogs
are omnivorous, eating primarily mast, herbs,
and fruit, but also roots, mushrooms, and in-
vertebrates (Chapman and Feldhamer 19582).
We assumed digestibility to be 30% according
to 3 observations: (1) total digestible nutrients
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Table 1. Acid-insoluble ash of scat, assumed digestibiity of diets. and estimated soi in diets of widife

No amplest Auid-insoiuble ash oot wcat v Ve Yot
anais sed — figrsty T
Species and state cansmals sampien S R Pty 7 fet T
Box turtle, Md. Y H 53 3 4y "0 13
Eastern painted turtle. Md 4 21 24 NI T S
White-footed mouse. Md 94 S5 07 5711 "3 2y
Meadow vole, Md. T N9 12 t2-11 35 AN
Black-tailed prairie dog, Kuns 12 22 12 FO-05 a3 -
White-tailed prairie dog, Colo 5 12 37 T [ o=
Nine-banded armadillo, La 35 11 052 25-00 T -
Opossum. Md.. S.C ) 28 36 3701 Tu 9y
Feral hog, 5.C.. 15 7Y 12 19g-22 S0 2
Woodchuck, Md. t 2 240 3314 I 2
Raccoon, Md. 1 28 S Y 15350 "0 Vg
Red fox, Md. T ) Ih 1523 Tt S
White-tarled deer, Md. 16 T 054 13963 " 20
Mule deer, Wyo. 5 5 ) 0 38-9 0 nl 20
Elk. Wyo { i 11 [ S 20
Moose, Wyo B i 12 5 2-5h a2 2
Bison, Wyvo 4 15 041 1H5-17 30 nos
Blue-winged teal Minn 12 23 038 0TI5S00 ) 20
Ring-necked duck. Minn 5 T2 01l 1 50-1 2 " 20
Wood duck, Minn T 2 13 1073 X .
Mallard, Minn. 94 y 4 11 06T 0 H
Canada goose. Md 23 12 153 3-8 23 52
stilt sandpiper, Kans b3 10 T0 T
Semipalmated sandpiper. Kans. [ 56 To 30
Least sandpiper, Kuans L bl 21 T T
Western sandpiper. Kans 17 12 0 S
American woodcock. Me n 22 35 B3 - 10 50 04
Wild turkev. S.D 12 16 25 S 4 W 9

" When a sampie analvzed was 4 cothposite the no ot arumais. composite 15 given 1 parentheses

" Diets and digestibilities were estimated from other published audies

© The fraction of soil tn the diet o x 1 was estiumated from the sod ingestion ecquation © = b 4« an caw 0 - o wherte 4 the o asouble

ash i scut, a = digestibility of food idry mass) b = concentration of acid msolutde ashon food drey mass

sl tdry massy

ot a dried alfalfa diet (crude protein = 20%%; ted
to swine was 30% (Church and Pond 19741 (2)
digestibilities ot 13 shrubs and forbs in collared
peccary ( Tayassu tajacu} were estimated from
37 to 79% (Strev and Brown 1989 and 3 di-
gestibility of acorns in northern bobwhite was
estimated at 49% Karasov 1990),

We assumed an average digestibility ot 40%
for turkey, according to estimates of 22-36% tor
6 kinds of plants eaten (Karasov 1990) We as-
sumed a digestibility of 25% for Canada geese.
following results of a studv of feeding on cord-
grass (Spartina alterniflora) (Karasov 19901 A
digestibility of 30% was assumed for mallards.
from an apparent energy coefficient for alfalfa
of 32% and values for 5 aquatic plants from 13
to 30% (Karasov 1990). Blue-winged teal. ring-
necked duck, and wood duck eat vegetable ma-
terial and invertebrates {Johnsgard 1973 and
we assumed the digestibility was 60%, a rough
estimate, from a wide range of digestibilities

comneentotet g e e nn

reported tor ducks eating vecetable naterial
cKarasov 19900 The apparent et dhonsabie en-
ergy coetficient tor woodceock teeding onocarth-
worms is 397 Vander Huaeden (9920 nd hes
cause coetfictents for birds calomiated » o
matter tend to be slightlv lower than those cals
culated 1rom calories  Karasov 1990w -
sumed digestibility was 337

Digestion of aquatic invertebrates rareb
been studied. but in a studyv of the \irican biack
ovstercatcher Haemnatopus moqguint the ap-
parent metabolizable energy coetticient was es-
timated to be 0.72 tor polvchaetes Pucudoner
eis vartegata) and rock nusseis  Coronoitdus
meridionalis) and 073 tor lnopers Patella
granulans) (Karasov 19900 Consequentlsy  we
assumed digestibility ot sandpiper diets was 070

We lacked data on red fox opossin ruceoon.
box turtle, und eastern puinted turtle. whicn are
omnivorous {Llewellvn and Uhler 5932 Frost
and Barbour 1972} and on armadillo. wihieh eat
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diets ot wildlite.

"y Assumed? Estimated
e digesty- soil in
Range hility (%) diet %)
Lty T0 15
114 70 2.9
» T ] 35 2.0
RESY | 53 2
10-43 Hho Ty
63 a7
70 17
70 9.4
30 2.3
63 <20
X¢] 9.4
70 2.4
-6 3 62 2.0
8- 0 62 2.0
H-10 30 =20
256 62 2.0
317 S0 6.4
2-51 650 <20
W12 60 - 2.0
0-75 t0) bl
647 30 3
938 25 82
0 n
T0 30
0 7.3
70 18
340 n3 104
134 10 9.3

iy ¢ ¢ by where y - the acrd-tnsoluble
5. ¢ = concentration of aeid insoluble ash

cating vegetable muaterial
aoparent metabolizable en-
wnodeock feeding on earth-
der Haegen 1992), and be-
r birds caleulated from dry
ightly lower than those cal-
es o Rarasov 1990), we as-

was HH%

i invertebrates rarely has
astudy of the African black
natopus moquini) the ap-
e energy coefficient was es-
or polvchaetes (Pseudoner-
rock mussels (Coromytilus
073 for limpets (Patella

Toam Consequently, we
of sundpiper diets was 0.70.
tred fox, opossum, raccoon,
n painted turtle, which are
lyn and Uhler 1952, Ernst
ind on armadillo, which eat
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Fig. 1. Relation between the ratio of acid-insoluble ash to dry
mass of scat and the soil content of the diet of white-footed
mice under laboratory conditions. The points are observed val-
ues and the line shows the curve predicted by the soil-ingestion
equation (y = [b{1 — xj + cx|/[1 — a1 — x}], where y = the
acid-insoluble ash in scat; x = fraction of soil in diet {dry mass|;
a = digestility of food [dry mass): b = concentration of acid-
insoluble ash in tood [dry mass}; and ¢ = concentration of acid-
insoluble ash in soil [dry mass]). The agreement between the
points and line shows that the equation is useful in practice.

mainly soil invertebrates (Chapman and Feld-
hamer 1982). We expected digestibilities to be
<475, which was the approximate value sug-
gested tor carnivores (Robbins 1983), and above
the values of herbivores. Grodzinski and Wun-
der (1975) reviewed literature on energy use of
laboratory and natural foods for omnivores and
suggested an average digestibility of 77%. Nat-
ural foods would presumably have lower values
than laboratory foods. We assumed T0% as a
rough estimate 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. Mean
daily food consumption per mouse, expressed
on a soil-free basis, was 3.5 g at 0% soil, 3.3 ¢
at 2% soil, 3.5 g at 5% soil, 3.9 g at 10% soil,
and 3.8 g at 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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tor the 4 species of sandpipers. which probe or
peck for invertebrates in mud or shallow water
(Johnsgard 1981). Armadillo (179, woodeock
(9%), and raccoon (9%) had the next highest
estimates; they presumably ingest soil s they
eat soil organisms. Bison (7%, prairie dows (87,
and Canada geese (8%) consumed a high per-
centage of soil and browsers consumed little soil
Values of acid-insoluble ash in scat of ducks
were very skewed. Samples from most naliards
contained little or no sediment (x = 3397, hut
10% of the mallards (out of $8) with the highest
sediment content consumed an estimated 2657
sediment in their diet. The mean for 3 wood
ducks was below the method detection limit,
but samples from 2 wood ducks contained - 704
acid-insoluble ash.

Percent recovery trom spiked samples wus
98%. Relative percent difference of the dupli:
cate samples was 20%. Acid-insoluble ash con-
tents of earthworms sampled were 13 (Lum-
bricus rubellus) and 24% (Eisenoides lonnbergiy

DISCUSSION
Strengths and Weaknesses of the Method

Our estimates of soil-inuestion rates should he
considered approximate (Table 11 The analyt-
ical technique and small sample sizes for some
species introduced error. Using the soil-inges-
tion equation to estimate dietarv soil ingestion
introduced additional uncertainty. We know that
soil-ingestion rates would be expected 1o depend
on ecological variables and that deternminmg a
value representative of a species would require
more extensive sampling at various sites and
seasons. Waterfow! results were most variable.

Errors in estimating some parameters in the
soil-ingestion equation muy reduce accuracy of
soil-ingestion estimates. Estimated mineral con-
tent of soil is probably nor an unportant source
of error unless soil ingested has an unusually
high organic matter content. Using an estimate
of 90% throughout the study seems reasonable
In a typical example, in which the soil-ingestion
rate was estimated as 3.2%, increasing Lhe es-
timate of the mineral content of the soil to 100%
would change our estimate of soil ingestion to
3.6%. Estimated acid-insoluble ash content of
the diet is important for diets with soil contents
close to the method detection limit of 2%, but
it makes little difference for most species | Tuble
1). However, some grass species contain »2%
acid-insoluble ash (Mavland et al. 1973). The
lowest soil-ingestion rates were recorded as ~ 2%
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saither than as precise valines cTable T The os-
Himated digestibility is probably the most serions
witree of error in sotl-ingestion estirmates. It di-
soctibility of bison diets was 0% rather than
the assimed 30% 0 then we would have nnder-
estimated sotl consiumption by 207 FHlowever.
when estimated digesability s high and adso
inacenrate. error can be large. I for examnple
digeshibilite of an opossin diet were S0 rather
than 70 then soil consurnption would actialls
e little more than half what we estimated. Con-
sequently, the mean soil-ingestion estimates are
less accurate than mean actd-insoluble ash mea-
arrements of scat {Table D

The methods used 1 this study are appro-
priate tor measuring relatively high concentra-
tions of soil in scat. and they are eusier to e
than methods recquuring analvsis of ttannum or
other elements. The titanium method candetect
low concentrations of <ol but it reqinres esti-
mating titanium content of the sod mested
The method-detection linut of the insoluble-ash
o7 ash dry mass for 4 02 g sampies

method (2.
was adequate for our prurposes. but we conld
not obtain an adequate mass of scat for some
wpecies. We had to combine samples from ey
cral sandpipers. and we failed to obtan samples
of adequate mass trom northern short-raled
dhrew  Blarina brecicaudar carcasses. \We cons
adered digesta trom lurge intestines the same
as scat. but this was o simphification for birds
10w hich the addition of aric acid increases the
amount ot dryv mass produced hut presumabis

ll()t‘S nol 1nerease .l\'l(l-i”.\()lll})lt‘ Al\h

Relation of Soil Ingestion to Feeding Habits

Soil from salt licks probably contrnibuted little
to our soil-ingestion rates. In some sitaations,
however, salt licks might be an important source
of contamination. Weeks 1 19781 observed white-
tailed deer ingesting soil from a site where 1un-
known chemicals had been dumped. as well as
from natural salt licks. Feces trom these deer
contained an average of 29,4 inorganic matter
Fastern fox squirrels (Sciurus niger) and wood-
chucks have been observed licking road sur-
faces, presumably for sodinm (Weeks und Kirk-
patrick 197%). and this behavior would expose
them to soil and contaminants,

MMuch of the soil that grazers consume is prob-
ably from soil adhering to ingested plant ma-
terial Chernev et al. 11983) found that during
peak periods of soil ingestion. cattle rumen con-
tained 9.3% soil and forage contained 7 0% soul
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MANAGEMENT IMPLICATIONS

Analy sing scat is a means of estinrating oy
posure ot wildhife 1o ol oA rthoare and N eaze
1979, Arthur and Gates 19ss and wane con-
taminants - Clark et al 1992 Nuson et al el

Sotl or contammants 1noseat nas be s

KB

he from recent exposure hecarse tocd mones
through the gut of most anomals iocles Looig

or at most ra tew davs large mamenals soat
may be nsed to estimate exposure wathent barn
g an animal and. in many mstances woateant
capturing it Analvsis ot scat toestumate sy
sure of wildlife to contaminants 15 best wnted to
contaminants that are poorly absorbed tromihe
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otlata rate of 5.8% are prob-
ith cattle on poorly vegetated
estion increases us forage be-
ole (Fries and Paustenbach
lies on cattle and sheep have
Insh vegetational conditions
tis soil, but when forage is
iy be as high as 18% (Fries
9900 Most herbivores studied
vionl however i Tuble 15, Elk,
Ldeer, mule deer, and wood-
rates of sotl ingestion, al-
/e been reported to trequent
ind Jager 195401 Animals de-
3 soib at salt licks may not
mch soil incidental to their
118 not necessarily associated
soil ingestion. as ilustrated
tts. We had expected feral
e quantities ot soil because
Ptubers However, feral hogs
55 soil (2.3%) than has been
o for domestic swine (Fries
1 on soil invertebrates or
sociated with sediments may
sediment. Farthworms are
ol Acid-insoluble ash con-
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Aand 3-419% (Statford and
il coutents have been esti-
retal 1993) and about 20%
Aquatic organisms may con-
wunts of sediment: the bur-
agenia limbata) is estitmat-
ediment (FHare et al. 1989),
bigh concentrations of lead
s (Birdsall et al. 1986) are
with ingested sediment.

VPLICATIONS

a means of estimating ex-
soif tArthur und Alldredge
aates 1988) and some con-
1k 1982, Mason et al. 1992),
-in scat mav be assumed to
osire bf‘(f.’.l”h(‘f t()()(l moves
wst animals in a few hours,
lays (lurge manumals). Scat
ate exposure without harm-
in many instances, without
is of scat to estimate expo-
ntaminants is best suited to
e poorly absorbed from the
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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, we need to
learn about the bioavailability of soil-bound en-
vironmental contaminants.

Studies on cattle (Fries 1982, Russell et al.
1985, Fries and Jacobs 1986), sheep (Fries and
Marrow 1982), and swine (Fries et al. 1982b)
have shown that soil was the main source of
exposure to environmental contaminants that
included lead, polychlorinated biphenyls, poly-
brominated biphenyls, hexachlorobenzene, and
DDT. Because soil-ingestion rates of some wild-
life species are estimated to be at least as great
as those for domestic species, we conclude that
soil ingestion is also an important route of ex-
posure to environmental contaminants for wild-
life. When an environmental contaminant is
present at high coneentrations in soil but at low
concentrations in an animal’s food, soil-ingestion
rates should help in evaluating toxic risks to
wildlife.
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