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GRIT-USE PATTERNS IN NORTH AMERICAN
BIRDS: THE INFLUENCE OF DIET, BODY
SIZE, AND GENDER

JAMES P. GIONFRIDDO'2 AND Louis B. BEsT!

ABSTRACT.—We investigated avian grit use by examining the gizzard contents of 1440
birds collected from 12 states. Grit was present in gizzards of 62 of 90 species and varied
greatly in number and mean particle size. Gizzards of granivorous birds contained more grit
particles than those of insectivores, omnivores, and frugivores. Grit particle characteristics
(mean size, shape, and surface texture) did not differ among birds consuming different diets.
Mean grit size increased linearly with the common logarithm of the bird body mass. Within
avian species, grit-use patterns did not differ by gender. Grit use is widespread among birds,
and diet strongly influences the amount of grit used by birds. Received 18 Oct. 1995,
accepted 10 March 1996.

Best and Gionfriddo (1991) characterized grit use by 22 species of
North American birds. The impetus for that work was the relevance of
grit use to avian mortality caused by ingestion of granular pesticides used
to control corn rootworms and other agricultural pests (Best and Fischer
1992). Birds included in that study were limited to species that commonly
use midwestern cornfields during the breeding season, when pesticides
usually are applied. The present research examined grit use by a larger
number of avian species, over a wider geographical area, and included
many birds collected during the nonbreeding season. Our objectives were
to survey grit use by a broad range of avian species and to examine the
influence of diet, body size, and gender on the amounts and characteristics
of grit used by birds.

METHODS

We obtained birds opportunistically from a variety of sources including road kills, colli-
sions with windows and other objects, hunter harvests, and research projects. Birds were
collected year-round and from 12 (mostly midwestern) states. We removed the gizzards from
all collected birds and preserved them in ethanol. Later, each gizzard was sliced in half and
its contents were flushed into a petri dish and examined under a stercomicroscope. We
separated all grit particles from the other gizzard contents and excluded particles <0.1 mm
in size because (1) the size distributions of grit in the gizzards of most species showed that
as grit size decreased toward 0.1 mm, the number of particles per size class declined abruptly
(Best and Gionfriddo 1991), and (2) we felt that particles <0.1 mm probably represented
soil ingested incidentally during foraging. We then systematically counted the grit and char-
acterized particles on the basis of size, shape, and surface texture. The longest and shortest
dimensions of each particle in the 1440 gizzards we examined were measured to the nearest
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0.1 mm with a digital caliper or an ocular micrometer in the microscope. We used the
average of these two values as a measure of particle size and their ratio as a shape index
value. Shape index values were =1.0, with 1.0 representing a somewhat spherical shape
and larger values representing more oblong shapes. We characterized the surface texture of
each grit particle in 499 of the gizzards by using a classification system developed by
petrologists to describe mineral grains (fig. 1 in Best and Gionfriddo 1991). The five surface-
texture categories were angular, sub-angular, sub-rounded, rounded, and well-rounded. An
overall mean surface-texture value was calculated for each bird by assigning particles in the
angular category a value of 1, those in the sub-angular category a value of 2, etc.

For comparisons of grit use based on diet, we classified each bird as an insectivore,
granivore, omnivore, frugivore, or carnivore, taking into account the month in which the
bird was collected and following the classification of DeGraaf et al. (1985). We classified
Ring-necked Pheasants (scientific names of avian species are in Table 1) collected during
the non-breeding season, however, as granivores (rather than herbivores, as suggested by
DeGraaf et al. [1985]) because most of their non-breeding season diet consists of seeds
(e.g., Dalke 1937, Ferrel et al. 1949, Korschgen 1964). Carnivores and frugivores were
excluded from some analyses because of small sample sizes.

Except for the diet-based comparisons (in which data from species with similar diets were
combined), our analyses of grit use were limited to those species for which the contents of
at least five gizzards were examined. This limitation was imposed because of the great
intraspecific variation in the number of grit particles per gizzard, a variable for which there
is only one value per gizzard. For other variables, such as grit size, shape, or surface texture,
each gizzard yielded as many values per variable as there were grit particles in the gizzard.

Bird body masses were obtained from Dunning (1993). For dimorphic species used in
intraspecific comparisons by gender (i.e., species with =5 birds of each gender included in
the sample), we assigned the gender-specific masses given by Dunning (1993). For the other
dimorphic species, we assigned to each bird the mean of Dunning’s values for males and
females.

Analysis of variance (ANOVA) was used to identify differences in grit use among birds
consuming different types of foods. When ANOVA detected differences among dietary
groups, we used Student-Newman-Keuls (SNK) multiple comparison tests to identify spe-
cifically which groups differed. Using data only from those species for which we examined
the contents of =5 gizzards, we calculated Pearson product-moment correlations to examine
if the mean number of grit particles per gizzard was related to grit occurrence (the percentage
of gizzards containing grit) or mean grit size. We used regression analysis to examine the
relationship between mean grit size and bird body size. Two-tailed #-tests were used to
examine if mean grit counts, sizes, shape index values, or surface-texture values differed by
gender. Unless otherwise indicated, a significance level of P = 0.05 was used for statistical
tests.

RESULTS

Gizzard contents of birds representing 90 species and 10 orders were
examined. Grit was present in gizzards of 62 species (9 orders). Fre-
quencies of occurrence of grit in gizzards and grit counts per gizzard
varied greatly among species. Species with low frequencies of occurrence
of grit (and low grit counts) generally were insectivores, whereas those
with high frequencies of occurrence (and high grit counts) usually were
granivores. Among the 35 avian species for which =five gizzards were
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examined, frequencies of grit occurrence in gizzards ranged from O to
100%, and mean grit counts per gizzard ranged from O to 281 (Table 1).
Gizzards of Ring-necked Pheasants, American Tree Sparrows, and House
Sparrows had the highest frequencies of occurrence of grit and also gen-
erally had the highest grit counts. Low frequencies of occurrence and grit
counts were recorded for Eastern Kingbirds, Cedar Waxwings, Barn Swal-
lows, Dickcissels, Common Yellowthroats, Yellow-rumped Warblers, and
Northern Orioles. Grit occurrence and mean grit counts were correlated
(r = 0.502). Intraspecific variation in grit counts was substantial: standard
deviations typically exceeded mean values (Table 1).

Mean grit counts per gizzard differed among birds consuming different
foods (F; 143, = 59.01, P < 0.001). Gizzards of granivores contained more
grit particles than those of insectivores, omnivores, and frugivores (SNK
test, P = 0.05) (carnivores were excluded because of small sample size).
The adjusted mean grit size (see below), mean shape index value, and
mean surface-texture value did not differ among granivores, insectivores,
and omnivores (size: Fooq = 2.41, P = 0.090; shape: F,q = 0.691, P
= 0.501; surface texture: F,,, = 2.455, P = 0.087). Carnivores and
frugivores were excluded because of small sample sizes.

Regression analysis indicated that mean grit size was related to bird
body size, increasing linearly with the log, of the body mass (Fig. 1).
To permit examination of the relationships between mean grit size and
other variables (with the effects of bird body size partitioned out), we
adjusted the mean grit size for each species by adding the species’ residual
value to the overall mean grit size of the sample (Steel and Torrie 1980:
251). For most (22) of the 33 grit-using species for which we examined
=five gizzards, there was no detectable relationship between the adjusted
mean grit size and the number of grit particles per gizzard. In 11 species,
however, a significant (P = 0.01) negative correlation was found between
these variables.

Among the 17 species for which we examined =5 gizzards for each
gender (Table 1), mean grit counts differed (P = 0.05) intraspecifically
by gender only in Ring-necked Pheasants (+ = 3.40, 31 df, P = 0.002)
and Red-headed Woodpeckers (¢ = 2.45, 16 df, P = 0.026). In both
species, gizzards of females contained more grit than those of males.
Gender comparisons of adjusted mean grit sizes, mean shape index values,
and mean surface-texture values detected few differences. Because sur-
face-texture values were calculated only for 499 birds, sample sizes per-
mitted gender comparisons within only five species: Northern Bobwhite,
Brown-headed Cowbird, Red-winged Blackbird, Vesper Sparrow, and
House Sparrow. In Brown-headed Cowbirds, females used larger (¢ =
2.97, 87 df, P = 0.004), less oblong (+ = 2.72, 87 df, P = 0.008), and
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Fic. 1. Relationship between mean grit size and mean bird body mass. Body masses
were obtained from Dunning (1993). Each point represents a species for which the contents
of at least five gizzards were examined.

more angular (z = 2.38, 43 df, P = 0.022) grit than males. Female Ring-
necked Pheasants and Horned Larks used smaller grit than males (pheas-
ants: t = 2.48, 31 df, P = 0.019; larks: # = 2.10, 28 df, P = 0.045).

DISCUSSION

The most commonly proposed function of avian grit use is the facili-
tation of mechanical grinding and pulverization of food in the gizzard
(Meinertzhagen 1964, Ziswiler and Farner 1972). Grit also may provide
supplementary minerals, especially calcium (e.g., Korschgen 1964, Norris
et al. 1975, Turner 1982). Avian grit use often varies with such factors
as the bird’s diet (e.g., Mott et al. 1972, Norris et al. 1975, Alonso 1985,
Bishton 1986), age (Bartonek 1969, Verbeek 1970, Alonso 1985, Mayoh
and Zach 1986), body size (Best and Gionfriddo 1991), and gender and
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reproductive status (e.g., Harper 1964, Kopischke and Nelson 1966, May
and Braun 1973, Pinowska and Krasnicki 1985), as well as with the
availability of suitable grit particles (Bump et al. 1947, Tindall 1973,
Norris et al. 1975).

Diet is a major factor influencing avian grit use. Grit generally is found
in the gizzards of most species that eat plant material (Farner 1960, Mei-
nertzhagen 1964) and many that eat insects (e.g., Barlow et al. 1963,
Jenkinson and Mengel 1970, Barrentine 1980, Mayoh and Zach 1986).
Relatively large amounts of grit often are associated with diets consisting
of hard, coarse materials, especially seeds and other plant parts (Meiner-
tzhagen 1954, Farner 1960). Insectivores often use less grit than herbiv-
orous or granivorous birds (Mott et al. 1972, Bishton 1986, Hogstad
1988), and frugivores typically use little grit (Meinertzhagen 1954, 1964).
The amounts of grit needed by insectivores and granivores may depend
on the hardness of the items consumed. The digestion of soft-bodied
insect larvae, for example, may require relatively little grit, whereas the
breakdown of hard-bodied insects (e.g., adult coleopterans) may require
large amounts (Pinowska 1975, Gionfriddo and Best 1995). Grit-sized
hard insect fragments (e.g., Bird and Smith 1964, Jenkinson and Mengel
1970, Mott et al. 1972) or hard seeds (e.g., Beer and Tidyman 1942,
Sharp and McClure 1945, Lewin and Lewin 1984) are sometimes retained
in the gizzard where they serve as grit substitutes by aiding in the me-
chanical grinding of softer foods. When such grit substitutes are present
in gizzards, less grit is required. Hard insect parts or hard seeds were
present in some of the gizzards we examined, and therefore, in some
cases, our grit counts may underestimate the birds’ need for grit.

Our finding no differences in adjusted mean grit size, mean grit shape,
and mean grit surface texture among birds consuming different diets sug-
gests that different foods may not require grit with different physical
characteristics for adequate digestion. The characteristics of grit particles
in birds’ gizzards are influenced by avian preferences and aversions (Best
and Gionfriddo 1994), the availability of grit particles with different char-
acteristics (Bump et al. 1947, Tindall 1973, Norris et al. 1975), and rates
of breakdown and passage of grit from the gizzards (Lienhart 1953,
Korschgen et al. 1965, Vance 1971, Norris et al. 1975, Gionfriddo and
Best 1995).

The large amounts of grit we observed in gizzards of Ring-necked
Pheasants, American Tree Sparrows, and House Sparrows were not sur-
prising because these species feed mainly on seeds on the ground. The
relatively low grit counts and frequencies of occurrence of grit in gizzards
of Eastern Kingbirds, Barn Swallows, and Cedar Waxwings were ex-
pected because these species feed on insects or fruits, aerially or in trees.
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The other species that tended to use little or no grit (Common Yellow-
throat, Yellow-rumped Warbler, Northern Oriole) also glean insects in
trees or shrubs. The finding that Dickcissels used little grit on their North
American breeding grounds is consistent with Zimmerman’s (1963) report
that wintering Dickcissels in central America used relatively large
amounts of grit, but that breeding birds in Illinois used little. Zimmerman
(1963) attributed the difference to the Dickcissels’ heavier use of insects
in North America and seeds in central America. Field studies of other
avian species that shift diets seasonally also have documented correspond-
ing shifts in grit use (Bishton 1986, Hogstad 1988, Gionfriddo and Best
1995). Investigation of seasonal patterns of grit use by additional species
that shift diets seasonally would further clarify the relationship between
grit use and diet.

The observed log-linear relationship between mean grit size and bird
body mass is similar to that reported for 19 avian species collected mainly
in the Midwest during the breeding season (Best and Gionfriddo 1991).
Augmenting the earlier sample by including birds representing many ad-
ditional avian taxa, geographical locations, and seasons did not substan-
tially alter the linear model describing this relationship. The lack of a
strong relationship between mean grit size and mean grit count for most
(22 of 33) species we tested differs from the results of other field (Myr-
berget et al. 1975, Norris et al. 1975, Alonso 1985, Best and Gionfriddo
1991) and laboratory (McCann 1939, Smith 1960, Gionfriddo and Best
1995) studies which found that the larger the grit particles, the fewer were
present in gizzards. The current finding is consistent, however, with the
results of a diet experiment with captive House Sparrows (Gionfriddo and
Best 1995).

Grit use by males and females often is reported to be similar (e.g.,
Alonso 1985, Norman and Brown 1985, Garcher and Carroll 1991, Gion-
friddo and Best 1995). When differences exist, they sometimes are due
to differences in body size (Rajala 1958, Pulliainen 1979, Norman and
Mumford 1985) or to females’ increased calcium requirements during egg
laying (Sadler 1961, Harper 1964, Taylor 1970). Females may greatly
increase their consumption of grit during the egg-laying period (Pinowska
and Krasnicki 1985), and/or they may selectively consume calcium-rich
grit particles (Harper 1964, Korschgen 1964, Kopischke and Nelson
1966). Such reproduction-related changes in grit use (and gender differ-
ences that result from them) may be short-lived (Pinowska and Kra$nicki
1985), however, and therefore probably would not have been detectable
in our study.

In addition to demonstrating the importance of diet and body size as
factors affecting avian grit use, our study shows that grit use is widespread
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among birds, both taxonomically and geographically. Moreover, although
the collection of birds for this research was not limited geographically or
temporally to areas or seasons of application of granular pesticides, our
results nonetheless have important implications for the design and use of
such products. Granular pesticides are applied to millions of hectares of
agricultural crops in North America each year (U.S. Dept. Agric. 1992).
Many of these pesticides are acutely toxic to birds (Balcomb et al. 1984,
Hill and Camardese 1984), and one potential route of avian exposure is
consumption of granules as a source of grit. Our results indicate that, if
this is an important route of avian exposure to granular pesticides, then
in pesticide-treated areas granivorous birds (including such important
game species as the Ring-necked Pheasant and Northern Bobwhite) may
have a relatively high risk of exposure because they use more grit than
birds that eat other foods. Our results confirm that altering granule size
to reduce avian risk is not likely to be effective. The wide range of grit
sizes used by birds, and the extensive interspecific overlap in grit sizes
result in there being no ‘““safe’ granule size that would be infrequently
used by birds, given the upper and lower limits to pesticide granule size
imposed by other factors, such as human safety and ease of application.
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