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ABSTRACT

The diets of hunter-harvested mallards (Anas platyrhynchos) taken throughout Illinois
from 1979 to 1981 and containing ingested lead shot, ingested steel shot, or no shot were
compared.  This is the first known study to investigate whether free-ranging mallards
mitigate the effects of lead exposure by adjusting their diets.  Mallards containing
ingested lead shot consumed significantly more plant matter (P < 0.001) and a higher
number of plant species (P < 0.001) than controls.  In addition, our results indicate (P =
0.07) that mallards with ingested lead shot were more likely to consume animal matter
than controls.  These findings agree with numerous dosing studies that have demonstrated
the role of diet in alleviating the symptoms of lead poisoning in waterfowl.

INTRODUCTION

The ameliorating effects of diet and the rate of food consumption on the toxicity of
ingested lead in waterfowl are well documented.  Several investigations have reported the
effects of diets on lead poisoning in waterfowl (Jordan and Bellrose 1951, Sanderson and
Irwin 1976, Forbes and Sanderson 1978, Sanderson and Bellrose 1986).  These investi-
gations concluded that the amount of food, protein, calcium, and soil consumed may have
some mitigating effects on the symptoms of lead poisoning in ducks dosed with lead shot.
Jordan (1968) noted that when given a choice of food items, lead-poisoned birds shifted
to items more easily digested.  He suggested that lead-poisoned birds in the wild may
select foods that tend to alleviate the effects of lead and thereby enhance their probability
of surviving.  Jordan and Bellrose (1951) concluded that diet rather than the level of shot
dose was the more important variable in lead poisoning.  Diet also had a major influence
on the retention and erosion of lead pellets in the gizzards and the amount of lead retained
in body tissues of mourning doves (Zenaida macroura) (Marn et al. 1988).  However, to
our knowledge, the diets of free-ranging wild ducks containing ingested lead or steel
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pellets have not been examined.  This study investigated whether wild mallards with
ingested lead shot attempt to ameliorate the symptoms of lead exposure by modifying
their diets.

METHODS

From 1979 to 1981, 9,300 hunter-harvested mallard gizzards were collected at 29 public
and private sites throughout Illinois to document shot ingestion rates (Anderson and Hav-
era 1989) and food habits (Havera 1998).  Examination of gizzard contents by X ray
(grit) and fluoroscopy (food) with visual verification, as described by Anderson and Hav-
era (1989), revealed that 404 of the gizzards containing ingested lead shot pellets and 92
of those with ingested steel shot pellets also contained food.  Steel (nontoxic) shot has
been required for use in sport hunting of waterfowl in at least some areas of Illinois since
1977 (Anderson and Havera 1989).  To investigate whether gizzard contents of mallards
with ingested lead pellets or steel pellets differed from those without ingested pellets, an
equal number of controls (404 for lead and 92 for steel) was selected randomly from
those gizzards of harvested mallards taken on the same date and at the same location.
This approach allowed for similar availability of food resources, which varied among
weeks, years, and locations.  Food contents of gizzards with lead shot were not directly
compared with those that had steel shot because sample sizes from the same dates and
areas were not sufficient.

The food contents were identified, measured by the use of the dry volumetric method
(Rogers and Korschgen 1966; L.J. Korschgen, Mo. Dept. of Conserv., pers. commun.),
and recorded to the nearest 0.01 ml; grit was measured to the nearest 0.1 ml (Havera
1998).  The percent calcium content of grit from 75 randomly selected gizzards that con-
tained ingested lead shot and their respective controls was determined by methods modi-
fied from Harper (1964) and Harper and Labisky (1964); the grit was dissolved in acid
and a gravimetric procedure was used with inductively coupled argon-plasma emission
spectroscopy.

Comparisons of food and grit contents (Table 1) between gizzards with ingested lead shot
and their controls and gizzards that contained ingested steel shot and their controls were
evaluated with Wilcoxon Signed Ranks Test.  The percent calcium in grit in gizzards
with ingested lead shot and their controls was compared by the use of the paired t-test
(Wilkinson 1996).  The aggregate volume of plant food and the percentage with animal
food were compared for gizzards that contained ingested shot and their controls by use of
the percent test (Sokal and Rohlf 1981:735).  The level of statistical significance used
was P ≤ 0.05.

RESULTS AND DISCUSSION

There is evidence that the diet and body condition of hunter-harvested ducks may differ
from those collected by researchers (Greenwood et al. 1986, Reinecke and Shaiffer 1988,
Sheeley and Smith 1989, Dufour et al. 1993, Heitmeyer et al. 1993).  Biases may also
occur when contents from gizzards rather than from gullets (esophagi and proventriculi)
are used to determine foods consumed by waterfowl (Perret 1962, Bartonek and Hickey
1969, Dirschl 1969, Swanson and Bartonek 1970).  Although these shortcomings are of
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major concern for food habits studies per se, we believe that gizzard contents from
hunter-harvested birds are useable for our study objective of comparing relative food
habits of mallards with and without ingested shot.

Of the various grit, plant, animal, and corn (Zea mays) variables compared, mallards with
ingested lead shot consumed more plant matter (P < 0.001) and a higher number of plant
species (P <0.001) than their counterparts without ingested shot (Table 1).  In addition,
there was an indication (P = 0.07) that a higher percentage of them had eaten animal
matter than their controls.  There was no difference in the average volume of grit in giz-
zards with ingested lead shot and their controls.  Although the average calcium content of
grit in gizzards containing lead shot (0.183%) was higher than that for the control group
(0.157%), the difference was not significant (P = 0.25).  No difference in the amount of
corn consumed was noted for mallards containing ingested lead shot.

The only significant difference between the diets of mallards with ingested steel shot and
their controls was that the controls consumed more corn (P = 0.03).   We can not explain
the statistical or biological significance of this result other than speculating that either
these control birds fed in cornfields with minimal hunting pressure and lower shot avail-
ability or perhaps that ducks with elevated iron levels from ingested steel shot for some
reason chose more non-corn food.

A larger volume of plant matter (higher food intake) and a greater number of plant spe-
cies in gizzards of mallards with ingested lead shot, in conjunction with an indication that
more of these birds ingested animal matter (high in protein), suggest that wild mallards
modify their diets to alleviate the symptoms of lead exposure and are consistent with the
following findings from dosing studies.

The type of food consumed is probably the single most important factor affecting the
toxicity level of ingested lead in waterfowl (Jordan and Bellrose 1951).  Forbes and
Sanderson (1978) remarked that the food consumed by waterfowl influenced the degree
of lead poisoning through its nutritive content, binding capacity for lead, hardness and
size, effect on acid secretion, and probably other factors.  Sanderson and Irwin (1976)
found that the diet of mallards apparently not only provided protection from lead after it
was absorbed from the digestive tract, but diet also may have enhanced the excretion rate
of lead.  Stendell et al. (1979) concluded that diet had an important effect on the rate of
uptake of lead in wing bones of mallards.  Finley et al. (1976) reported that mallards
dosed with one lead shot and maintained on a balanced diet may not accumulate
extremely high lead levels in the kidney and liver.  Jordan and Bellrose (1951) reported
that birds maintaining a normal rate of food intake failed to show symptoms of lead poi-
soning and they suggested that the volume of food intake may be important in alleviating
lead poisoning.

In several experiments with various kinds of foods, Jordan and Bellrose (1951) found that
foods high in protein were most successful in alleviating lead toxicity.  Natural food
items mitigating lead poisoning included green foliage of aquatic plants, followed by
small seeds, such as those of millets and smartweeds.  Animal food was also beneficial
whereas corn was the least beneficial.  Sanderson and Irwin (1976), Finley et al. (1976),
and Finley and Dieter (1978) noted increased toxicity of ingested lead in mallards fed a



92

corn diet.  Chasko et al. (1984) determined that black ducks (A. rubripes) and mallards
feeding on a variety of plant and animal foods were less susceptible to lead poisoning
than those feeding on cereal grains.  Koranda et al. (1979) noted that a high protein-cal-
cium diet was important in mitigating the effects of lead in dosed mallards and that some
aquatic plants were high in calcium content.  Other studies have demonstrated the benefi-
cial effects of protein or calcium in alleviating lead toxicosis in mallards (Godin 1967,
Longcore et al. 1974, Clemens et al. 1975, Carlson and Nielsen 1985).

The use of lead shot for sport hunting of waterfowl was banned throughout the United
States beginning in 1991.  Unfortunately, spent lead shot will remain available in many
wetlands into the foreseeable future.  The encouragement of diverse and abundant plant
and animal food resources on refuges, public hunting areas, and private clubs will help
alleviate the impacts of lead exposure in waterfowl that ingest lead pellets.  It is ironic
that waterfowl may ultimately be the instruments that remove the last vestiges of lead
shot from our nation’s wetlands.
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Table 1. Characteristics of gizzard contents (x  ± SD) of mallards with ingested lead shot,
with ingested steel shot, or with no shot (controls). The gizzards were collected
throughout Illinois during the hunting seasons, 1979–1981.

Gizzards

Characteristic

With
lead shot
(n=404)

Control
(n=404)

With
steel shot

(n=92)
Control
(n=92)

Volume of grit (ml) 2.16 ± 1.03 2.24 ± 0.83 2.21 ± 0.84 2.27 ± 1.03
Volume of plant matter

(ml)
3.01 ± 2.22A 2.43 ± 1.83A 2.56 ± 2.19 2.84 ± 2.65

Volume of animal matter
(ml)

0.04 ± 0.27 0.02 ± 0.19 <0.01 <0.01

Volume of corn (ml) 0.62 ± 1.52 0.75 ± 1.55 0.64 ± 1.51B 1.15 ± 2.55B

Aggregate volume of
plant food in gizzards
(%)

98.78 99.12 99.89 99.72

Percentage of plant food
(%)

98.48 ± 9.12 98.94 ± 7.84 99.81 ± 0.73 98.63 ± 10.51

Number of plant species 4.3 ± 2.4A 3.7 ± 2.1A 3.6 ± 1.9 3.7 ± 2.3
Number of animal

species
0.1± 0.5 0.1 ± 0.4 0.1 ± 0.4 0.1 ± 0.3

Percentage of gizzards
with animal food (%)

11.14C 7.43C 10.87 8.70

A P < 0.001
B P = 0.03
C P = 0.07


