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ABSTRACT

We observed ten species of psittacids, three species of columbids, and two species of cracids consuming soil from
banks of the lower Tambopata River in southeastern Peru. Our study used observations and soil analyses from eight
exposed riverbank sections to test the predictions of three models to determine why birds consume clay: mechanical
aid to digestion (grit), adsorption of dietary toxins, and mineral supplementation. We found that preferred soils were
deficient in particles large enough to aid in the mechanical breakdown of food and help digestion. Percent clay content
and cation exchange capacity (CEC), both predicted to correlate with adsorption of toxins, did not differ between
used and unused sites as had been found in a similar study. Instead, preferred soils were more saline and had higher
concentrations of exchangeable sodium. This suggests that the choice of soils at our site was based primarily on sodium
content. Birds may be using the heavy, plastic texture of soils rich in clays and high in exchangeable sodium as a
proximal cue for soil selection. Our findings suggest that avian soil selection decisions depend on the range of available
soil characteristics.

RESUMEN

Observamos diez especies de Psittasidos, trés especies de Columbidos, y dos especies de Cracidos consumiendo suelo
de los bancos del bajo Rio Tambopata en el sureste del Pert. Nuestro estudio utiliza observaciones de aves y analisis
de suelos de ocho secciones expuestas de los bancos de rio para probar las predicciones de tres modelos de porque las
aves consumen arcilla: ayuda mecénica para la digestién (arena triturada), adsorcién de toxinas en la dieta y suplemento
mineral. Encontramos que los suelos preferidos eran deficientes en particulas lo suficientemente grandes como para
ayudar en la trituracién mecénica del alimento y ayudar a la digestion. El porcentaje de contenido de arcilla y la
capacidad de intercambio catiénico (CIC), ambos esperados para correlacionar con la adsorcién de toxinas, no varié
entre sitios usados y no usados como ha sido encontrado en un estudio similar. En cambio, los suelos preferidos
fueron mas salinos y con mayor concentracion de sodio intercambiable. Esto sugiere que la seleccién de suelos en
nuestro sitio de estudio estd basado principalmente en el contenido de sodio. Las aves pueden estar usando las texturas
densas y plasticas de los suelos ricos en arcillas con alto contenido de sodio intercambiable como una sefial préxima
para la seleccion del suelo. Nuestros resultados sugieren que las decisiones de seleccion de suelos por las aves depende
del rango de caracteristicas de suelos disponibles.
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GEOPHAGY, THE INTENTIONAL CONSUMPTION OF SOIL
BY VERTEBRATES, has been recorded for a wide range
of bird and mammal taxa. In birds, geophagy is
known for geese, parrots, cockatoos, pigeons, cra-
cids, passeriforms, hornbills, cassuaries (Emmons
& Stark 1979, Wink et 2l 1993, Diamond et al.
1999, Burger & Gotchfeld, in press), and even the
extinct Carolina Parakeet (Jones & Hanson 1985).
Among mammals, a wide variety of taxa including
human and nonhuman primates have been found
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consuming soil on all continents except Antarctica
(Daykin 1960, Oates 1978, Jones & Hanson 1985,
Klaus & Schmid 1998, Wiley & Katz 1998, Krish-
namani & Mahaney 2000). A variety of theories
have been proposed to explain geophagy, including
mineral supplementation (reviews in Kreulen &
Jaeger 1984, Klaus & Schmid 1998), mechanical
aid to digestion (Best & Gionfriddo 1991), pH
buffering (Kreulen 1985, Mahaney ez al. 1999),
relief from diarrhea (Oates 1978; Vermeer & Fe-
rrell 1985, Mahaney, Aufreiter et al. 1995, Maha-
ney et al. 1996), treatment for endoparasites (Ma-
haney, Stambolic ez a/. 1995, Knezevich 1998), and
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adsorption of dietary toxins (Kreulen 1985, Dia-
mond et al. 1999, Gilardi et al. 1999, Mahaney et
al. 1999). It seems that all of these theories have
merit in at least some taxa although the reasons
why a given taxon consumes a given soil at a given
time is poorly understood for most species and may
require a complex combination of the above the-
ories.

In the western Amazon basin of Peru, avian
geophagy is relatively common, with hundreds of
individuals of more than 20 bird species ingesting
soil daily at dozens of different sites (Emmons &
Stark 1979, Gilardi & Munn 1998, Brightsmith in
press, Burger & Gotchfeld in press). Physiological
studies have shown that the soils chosen by birds
in Peru significantly reduce the toxicity of some
secondary plant compounds (Gilardi ez /. 1999).
Gilardi ez al. (1999) also showed that the soils (1)
are not useful mechanical aids for grinding food;
(2) are not ingested by individuals suffering from
diarrhea; (3) do not provide significant sources of
minerals except possibly sodium; and (4) do not
buffer gastric pH. This leaves adsorption of toxins
as the primary reason for geophagy among parrots
and other birds in Neotropical environments. The
mechanism by which adsorption of toxins is
thought to occur is that positively charged toxins
(especially alkaloids) bind to negatively charged
cation exchange sites on the very fine (<2 um) clay
particles (Burchill ez al. 1981, Gilardi er al. 1999).
Data from wild birds support this theory as soils
consumed by birds had higher clay content and
cation exchange capacity (CEC; Gilardi er al
1999).

Our study used a series of eight adjacent ex-
posed riverbank sites to determine which soil char-
acteristics were associated with high rates of geoph-
agy among parrots in the western Amazon basin.
These observations are designed to test the follow-
ing hypotheses; (1) if birds eat soil to aid in me-
chanical digestion, they would favor soils with par-
ticles large enough to aid in grinding food (>0.5
mm; Best & Gionfriddo 1991); (2) if birds ingest
soils to adsorb dietary toxins, they would choose
soils with the high CEC and clay content; and (3)
if birds consume soils to provide extra nutrients like
sodium, they would choose soils with the highest
concentrations of these nutrients.

METHODS

Stupy srre.—This study was conducted in the Na-
tive Community of Infierno, located in the buffer
zone of the Tambopata National Reserve, 26 km
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southwest of Puerto Maldonado, in southeastern
Peru (12°48’S, 69°18’W; 195 m elev.). The area is
at the moist tropical/subtropical vegetation bound-
ary (Holdridge 1967). Rainfall is ¢z 2810 mm per
year (Pearson & Derr 1986). The dry season starts
in April and ends in October (Pearson & Derr
1986; and D. Brightsmith, pers. obs. from Tam-
bopata Research Center 50 km southwest). The
surrounding area is made up of a mix of floodplain
and zerra firme forests. The 10,000 ha Native Com-
munity of Infierno remains more than 92 percent
forested, with deforestation concentrated along the
river edges (2 Hepworth, pers. comm.). The ge-
ophagy areas (henceforth referred to as lick sec-
tions) studied here are protected from hunting as
they lie within the 4000 ha ecological reserve that
was established by the members of the Native
Community of Infierno in the early 1990s.

The lick sections are exposed areas of soil along
the left bank of the lower Tambopata River near
the Posada Amazonas Lodge. Periodic flooding of
the Tambopata River causes erosion of the banks
and keeps the lick sections free of vegetation. The
study site is located 65 km from the base of the
Andes Mts. and river waters can rise and fall as
much as 5 m in 48 hours (D. Brightsmith, pers.
obs.).

SamrLe coLLecTion.—Samples were collected from
each of eight lick sections on 8 August 2001. At
sections where little or no bird activity was record-
ed, one sample was taken from approximately the
middle of that section. From sections where bird
activity was regularly recorded, samples were col-
lected from spots where bird beak marks were pre-
sent to ensure that the soil sampled was one that
was actually eaten by the birds. In two sections,
birds ate from two distinct locations and both of
these locations were sampled. In this way, ten soil
samples were taken from eight lick sections. The
samples were dry when collected and were stored
in zipper- lock plastic bags until analysis.

Soir anaLyses.—Soil analyses were preformed at the
Laboratorio de Andlysis de Suelos of the Universi-
dad Nacional Agraria La Molina, Peru. The percent
dry weight (fraction) of soil in seven different size
categories clay (<0.002 mm diam), silt (0.002—
0.05 mm), very fine sand (0.05-0.1 mm), fine sand
(0.1-0.25 mm), medium sand (0.25-0.5 mm),
thick sand (0.5-1 mm), and very thick sand (>1
mm) were determined by dry filtering the sand
fraction through a series of progressively finer filters
and weighing each fraction. The remaining silt and
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clay was suspended in dilute sodium hexametap-
hosphate and sampled at a fixed depth and time to
determine the clay content (Tan 1996). The silt
fraction was then calculated by subtraction.

The cation exchange capacity (CEC) was cal-
culated using the ammonium acetate method (Tan
1996). The soil complex was saturated with the
ammonium cation (NH%4*) washed with ethanol
and the adsorbed NH4* was qualitatively deter-
mined by titration. The amount of exchangeable
cations Ca?*, Mg?*, K*, and Na* were calculated
by replacement with ammonium acetate, washing
with 95 percent ethanol, and the concentrations of
the resulting cations were measured using atomic
absorption spectrophotometry (Tan 1996). Results
were calculated in milliequivalents/100g of soil.
The pH of each sample was determined in the lab
by suspending 20 g of soil in 20 ml of distilled
water, agitating 30 minutes, then letting it settle
for 30 minutes and reading the pH of the resulting
solution (Tan 1996).

The available phosphorus was determined us-
ing the Olsen method by extraction with 0.5 M
NaHCO3* at pH 8.5 and results given in ppm
(Tan 1996). The concentrations of available Cu,
Zn, Mn, and Fe were determined by extraction
with NaHCO3* EDTA and quantified by atomic
adsorption photometry. Results are presented in

Birp oBservaTiONs.—Observations of the lick sec-
tions were conducted from a point on the far side
of the river ¢z 250 m away. The observation point
was located near the center of the 370 m spanned
by the eight exposed lick sections under study.
During observations, each lick section was scanned
every five minutes using a Bushnell Spacemaster
telescope with a 20-60x eyepiece and the number
of birds was recorded. Observations were conduct-
ed during 23 early mornings (0500-0700h), 17
late mornings (0700-1200h), and 13 afternoons
between 4 April and 9 August 2001 (included in
this are 8 full days when the lick was observed from
ca 0500h until 1730h).

Lick site pescrirTioN.—The length and height of
each lick section were measured, but this was not
found to accurately reflect the area of the exposed
soil due to the large amount of vegetation that en-
croached from all sides. For this reason, photos of
the lick taken on 29 March 2001 were used to
estimate the amount of exposed soil at each river-
bank section. The photos were reclassified in Ado-
be Photoshop to make all exposed soil white and

all vegetation black. The number of white pixels
was then summed. The number of pixels was then
converted to square meters by calculating the
length in pixels of a 1 m pole that appeared in the
photo.

Statistics.—The rank lick size and rank bird use
were compared using Spearman’s rank correlation
(Gibbons 1985). Areas that received bird visits on
more than 10 percent of the days when birds were
recorded were classified as used and the rest were
classified as unused. All samples from used sections
showed bird beak marks when collected while none
from unused sections showed such beak marks. Soil
characteristics were compared between used and
unused soil samples. The small number of soil sam-
ples analyzed (IV = 10 total) prohibited the use of
multivaritate techniques, so each soil characteristic
was analyzed separately using rtests (Gibbons
1985). The P-values for these tests are reported as
“raw P-values” in the tables. To reduce the prob-
ability type I errors inherent in running large num-
bers of univariate tests, stepwise Bonferroni correc-
tions were run independently for the 7 soil particle
sizes categories and 13 soil characteristics (Sokal &
Rohlf 1995). The results of these corrections are
presented in the tables as the corrected P-values.
Variation around the mean is described with the
standard deviation.

RESULTS

Birp use.—Fifteen species of birds and two mam-
mals were recorded during 191 hours of observa-
tion. Birds of the family Psittacidae (parrots, ma-
caws, and parakeets) dominated the sample in both
number of individuals and number of species (Ta-
ble 1). Other species recorded included three pi-
geons (Columbidae: Patagioenas spp.), one guan,
and one chachalaca (both family Cracidae). Birds
were recorded on 21 of the 25 days. Bird use varied
significantly among sections (X? = 47.3, df = 5,
P < 0.00001 for the number of days each spot was
used). The three indices of bird use, sum of daily
maxima, total bird minutes, and number of days
each spot was used, produced nearly identical ran-
kings among the sections (Table 2). Section num-
ber 7 received the vast majority of bird use accord-
ing to all three measures. It had 85 percent of the
total bird minutes recorded, a sum of daily maxima
ten times more than the next most used lick, and
received bird visits on 21 different days. Sections 9
and 6 were next in the ranking and received nearly
identical use. Sections 4 and 8c each received one



TABLE 1. Bird species‘ use of geophagy sites along the Tambopata River in Southeastern Peru. The total bird minutes is the sum of the number of individuals seen during five-minute
scan of the lick. The sum of the maximum number of individuals is the maximum number of individuals seen of a single species on each day summed across the 21 days

of observation. See footer for description of days seen.

Days on each section

Days Total bird Sum max

Species 4 5 6 7 8a 8b 8¢ 9 seen? min individuals
Ara chloroptera (Red-and-green Macaw) 0 1 0 9 0 0 0 0 9 386 80
A. macao (Scarlet Meacaw) 0 3 0 3 0 0 0 0 5 50 19
A. severa (Chestnut-fronted Macaw) 0 0 4 7 0 0 0 2 12 225 104
Amazona farinosa (Mealy Parrot) 0 1 0 5 0 0 0 1 6 181 76
A. ochrocephala (Yellow-crowned Parrot) 0 2 5 8 0 0 1 3 14 477 210
Pionus menstruus (Blue-headed Parrot) 0 0 3 14 0 0 0 2 15 413 211
Pionopsitta barrabandi (Orange-cheeked Parrot) 0 0 0 11 0 0 0 0 11 48 32
Aratinga weddellii (Dusky-headed Parakeet) 0 0 0 12 0 0 0 1 12 2055 648
A. leucopthalmus (White-eyed Parakeet) 0 0 0 1 0 0 0 0 1 2 2
Pyrrhura rupicola (Black-capped Parakeet) 0 0 0 1 0 0 0 0 1 107 20
Patagioenas 3 spp. (pigeons) 0 0 0 13 0 0 0 0 13 359 48
Penelope jacquacu (Spix's Guan) 1 2 0 1 0 0 0 0 4 23 7
Ortalis guttata (Speckled Chachalaca) 0 0 0 3 0 0 0 0 3 10 5
Total? 1 4 5 210 0 1 4 21 4334 1462

2 The days seen is the number of different days on which birds were seen using the clay lick.
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TABLE 2.

Bird use and size of exposed riverbank geophagy sites at Posada Amazonas along the lower Tambopata River

in southeastern Peru. Bird data were collected from 4 April to 9 August 20001. Three measures of bird use
are presented: the sum of the maximum number of each species seen on each day; the number of days on which
the section was use; and the total number of birds that were recorded during the five-minute scans. The final
column shows the approximate surface area of exposed soil for each lick section. There was no significant
correlation between the size of the lick and its bird use (Spearman’s rank correlation, P = 0.22).

Section Sum daily maxima Days Total bird min Average rank Size (m?)
4 2 1 2 5.83 19
5 33 4 67 3.77 62
6 162 5 246 2.33 115
7 1104 21 3706 1.00 36
8a 0 0 0 7.50 50
8b 0 0 0 7.50 16
8c 5 1 5 5.20 14
9 156 4 308 2.77 134
Total 1462 21 4334 56

brief visit while 8a and 8b received no bird visits.
Mammal use consisted of a 15 minute visit by a
single red howler monkey (Alonatta seniculus) and
a less than 10 minute visit by an Amazon red squir-
rel (Sciurus spadiceus).

The data suggest that bird species differ in their
preference for lick sections as 100 percent of pi-
geon (/V = 13 lick visits) and Orange-cheeked Par-
rot (N = 11 lick visits) sightings were on spot 7,
while only 42 percent of sightings of Yellow-
crowned Parrot (/V = 19 lick visits) sighting were
on lick 7. The sample sizes were too small to per-
mit statistical testing; interspecific patterns will be
addressed in future papers.

Site cHaracterisTics.—The lick sections ranged
from 5 to 38 m long and 3 to 12 m tall. Vegetation
covered the majority of many sections, making
these sizes biologically irrelevant. As a result, the
total amount of exposed soil in each section was
used as a measure of size for each section. This
ranged from 14 to 134 m? (x = 56 m? * 45.9) .
There was no significant correlation between the
amount of exposed soil in each section and the
total bird use (Table 2; Spearman’s rank correlation,
F=191,df =1, 6, P = 0.22).

SoiL partiCLE size.—Birds ate soils with signifi-
cantly less very thick sand (particle size >1 mm,
Xused = 1.6% * 1.3, X ynused = 6.5% £ 2.9; raw
P = 0.006, corrected P = 0.044) and significantly
more silt (particles between 0.002 and 0.05 mm,
Xused = 47.1% = 8.6, Xypused = 28.6% * 4.0; raw
P = 0.002, corrected P = 0.016; Table 3). The
consumed soils also had less thick sand (particle
size between 0.5 and 1 mm) but this trend did not
hold when P-values were Bonferroni-corrected

(particles between 0.5 mm and 1.0 mm, Xyq =
1.8% = 1.2, Xypused = 4.1% = 1.8; raw P = 0.04,
corrected P = 0.2; Table 3). There were no de-
tectable differences for the other particle sizes an-

alyzed (Table 3).

Soi. GeocHemistry.—The concentration of ex-
changeable sodium ions averaged more than seven
times greater in consumed soils than in uncon-
sumed soils (Xyeq = 253 ppm = 49.8, Xunused =
34.4 ppm * 9.0; raw P < 0.0001, corrected P =
0.001; Table 4). The electrical conductivity, a mea-
sure of total salinity, for consumed soils was over
20 times greater than unconsumed soils. There was
no overlap in salinity between used and unused
soils. This trend was significant based on raw -
values but it did not hold up after using the Bon-
ferroni corrections, due in part to the high varia-
tion within used soils (xyeq = 1.74 dS/m = 1.47,
Xynused = 0.08 dS/m * 0.09; raw P = 0.04, cor-
rected P-value = 0.36; Table 4). Consumed soils
also contained lower concentrations of aluminum
cations and hydrogen ions but this did not hold
up statistically after the P-values were corrected (x,.
sed = 222 ppm * 232, Xypused = 658 ppm £ 269;
raw P = 0.03, corrected P = 0.27; Table 4). None
of the other ten soil properties tested (CEC, Ca?*,
Mg?*, K+, Cu, Zn, Mn, Fe, pH, and available P)
showed significant differences between the con-
sumed and unconsumed soils (Table 4). Soils con-
sumed by birds included a range of types including
silty clay (V = 2), silty clay loam (/V = 1), loam
(V= 2), and clay (/V = 1), while soils that were
not consumed included clay loam (V= 3) and clay
(V= 1; soil types from Tan 1996).
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TABLE 3. Particle size percentages for used and unused soils at avian geophagy sites in southeastern Peru. Raw P-values are calculated using t-tests and then these P-values are corrected

using a stepwise Bonferroni correction for season tests.

Clay
<0.002 mm

Silt

Very fine sand
0.002-0.05 mm

0.05-0.10 mm

Fine sand
0.10-0.25 mm

Thick sand Medium sand
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0.5-1.0 mm

Very thick sand

>1mm

Bird use

43.8
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0.76
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DISCUSSION

SITE CHARACTERISTICS AND BIRD USE.— T he fact that
the spot the birds used most was one of the smallest
and most enclosed suggests that the size of the ex-
posed area of soil is not driving the choice of ge-
ophagy sites by these birds. This was not what we
predicted at the outset of this study. Behavioral ob-
servations have shown that birds are extremely cau-
tious as they approach the lick sections and fly up
repeatedly, even after they have started consuming
the soil (Burger & Gochfeld in press). These be-
haviors are most likely due to caution associated
with predation risks. This caution may be adaptive
as raptors do occasionally capture birds at licks and
this predation may be more common in areas with
much vegetation (D. Brightsmith, pers. obs.). It is
also suspected that humans and other mammalian
hunters kill birds at licks (Burger & Gochfeld in
press). For this reason, we expected that birds
would prefer to use the most open and exposed
sections from which they could see approaching
mammals and raptors and be able to take flight
easily. This prediction was not supported by the
data; however, Burger and Gochfeld (in press) re-
port that clearing riverbank vegetation in a known
geophagy area resulted in the immediate use of this
section by birds. DB has heard of similar phenom-
ena at two other licks in southeastern Peru. As a
result, future work could use controlled experi-
ments to investigate how physical characteristics
and the amount of vegetation influence bird use of
geophagy sites.

MEcHANICAL AIDs TO DIGESTION.—Qur finding that
birds avoid soils with the highest concentration of
large sand particles supports the idea that these
birds do not consume soils to provide a mechanical
aid to digestion (Diamond ez 2/ 1999, Gilardi ez
al. 1999). Soil particles ingested for grinding pur-
poses among cornfield birds in NA usually range
from 0.5 to 3.5 mm (Best & Gionfriddo 1991),
much larger than the silt and clay particles (<0.05
mm) that make up the majority of the soils con-
sumed at geophagy sites in southeastern Peru. In
the current study, we found that birds chose soils
with significantly less very thick sand particles (>1
mm) and possibly less thick sand particles (0.5-1.0
mm). These are the only particles in the size range
reported as useful for grinding purposes (Best &
Gionfriddo 1991). It is of note that the percentage
of these large sand grains was relatively small in all
soils we tested (x = 10.6% for unused soils and
3.4% for used), suggesting that parrots and other
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TABLE 4. Geochemistry for used soils at avian geophagy sites in southeastern Peru. Raw P-values were calculated using
t-tests and then these P-values were corrected using a stepwise Bonferroni correction for 13 tests.

Exchangeable cations (ppm)

Total CEC
Sample Bird use (meq/100g) Ca?* Mg+ K+ Na+ Al3+ + H+

5 1 14.56 383 518 66 206 21
5 1 12.32 537 466 63 252 21
6 1 16.8 144 423 106 238 505
7 1 13.12 130 542 47 204 225
7 1 18.24 136 782 70 334 55
9 1 17.6 156 615 285 284 505
4 0 14.4 114 441 70 46 542
8a 0 17 134 334 137 37 743
8b 0 13.28 224 536 137 25 360
8c 0 20.96 126 332 109 30 986
S 1 15.44 248 558 106 253 222
D, 1 2.46 172 128 90 50 232
r— 0 16.41 150 411 113 34 658
SDyueed 0 3.41 50 98 31 9 269

o 0.64 0.23 0.09 0.86 <0.0001 0.03
P 0.98 0.85 0.61 0.86 0.001 0.27

geophagous birds at our site may be highly sensitive
to these particles. Avoidance of sand may be ad-
vantageous as the large and resistant sand particles
have comparatively little surface area for the ad-
sorption of dietary toxins and should release few
useable minerals. Among mammals, ingestion of
sandy soil has been found to lead to excessive tooth
wear (Kruelen 1985). Parrots have beaks that grow
continuously throughout their lifetimes, so beak
wear among these birds may be much less impor-
tant than tooth wear. Mammalian studies have
shown that large amounts of sand sometimes ac-
cumulate in the digestive tract. In extreme cases,
this can be fatal (review in Kreulen 1985). Volant
birds, like all those studied here, have many weight-
reducing adaptations. While it is unknown if sand
is retained by these species, if it were to accumulate
in the gut, it would provide strong selective pres-
sure against consuming soils with large sand grains.

ADSORPTION OF DIETARY TOXINS.—We found that
birds chose soils with significantly more silt but did
not choose soils with higher clay content or higher
CEC. Previous work in Peru found the opposite
trends despite the fact that they were studying a
nearly identical suite of species at locations only 50
and 250 km away (Gilardi ez 2/ 1999). Both Gi-
lardi et al’s (1999) work and this study looked at
clay content and CEC, characteristics that correlate
with toxin adsorption. If the correlation between
the measured variables and toxin adsorption are not
perfect, it could lead to erroneous conclusions re-
garding the reasons for avian consumption of clay.

Evidence for this is scanty but can be found in both
the bird and mammal literature. In New Guinea,
birds consumed soils with high silt (48%), low clay
(13%), and low CEC (11 meq/100g), but these
soils had toxin adsorption capacities equal to or
greater than the Peruvian soils with high clay (50
and 80%) and high CEC (21-33 meq/100g; Di-
amond et 2/ 1999, Gilardi ez al. 1999). African
termite mound soils and forest floor soils have been
analyzed and the predicted positive relationship be-
tween percent clay and adsorption of toxins was
found for only one of the four toxins examined
(Mahaney er al. 1999). We are currently conduct-
ing analyses to directly compare used and unused
soils for their ability to adsorb dietary toxins. This
should help clarify the role of toxin adsorption in
soil choice among this suite of avian species.

MiNERAL  sUPPLEMENTATION.—The  significantly
higher amounts of exchangeable sodium ions in
consumed soils suggest that birds are choosing soils
based on sodium content. The trend toward higher
total salinity for consumed soils provides additional
evidence that salts are driving the selection of soils
by these birds. To put the salinity values found here
in perspective, values of 1 or greater are usually
found in arid zone soils in which evaporation ex-
ceeds precipitation (Sposito 1989). In addition, in
agricultural systems a soil is classified as “saline” if
the salinity value is greater than 4. By these criteria,
four of the six consumed soils qualify as “typical of
arid zones” and two of these almost qualify as sa-
line.



BIOTROPICA
Wednesday Sep 29 2004 04:48 PM
Allen Press DTPro System

bitr 36_408 Mp_105

GALLEY 105 File # 08TO

Avian Geophagy in Peru

TABLE 4. Extended.

Electrolytic
conductivity or

Nutrients (ppm)

salinity (dS/m) Cu Zn Mn Fe Available P pH
0.47 0.6 2.1 3.2 14.9 5.4 5.9
1.24 0.4 2.4 1 29.9 13.8 6.3
3.85 2.2 13.9 35.3 55.7 4.2 4.1
3.31 0.6 4.7 66.2 61.8 5.3 4.2
0.57 0.5 3.4 18 50.2 9.2 5.1
0.974 0.9 5.2 31.9 74.3 5.1 4.5
0.019 0.6 4.2 10.6 34.5 3.5 4.3
0.034 0.9 4.5 14.8 127.8 4.6 4.3
0.21 1 3.3 46.1 64.4 6.3 4.4
0.056 1.3 5 8.8 73.7 4.7 4.2
1.74 0.87 5.28 25.93 47.80 7.17 5.02
1.47 0.67 4.40 24.27 21.77 3.68 0.92
0.08 0.95 4.25 20.08 75.10 4.78 4.30
0.09 0.29 0.71 17.53 38.91 1.15 0.08
0.04 0.80 0.59 0.67 0.27 0.19 0.11
0.36 0.96 0.99 0.96 0.84 0.81 0.66

The diets of Scarlet Macaws and Red-and-
green Macaws in southeastern Peru contain ca 38
and 42 ppm sodium, respectively (Gilardi 1996).
The mean concentration of exchangeable Na* in
the soils consumed in this study was 253 ppm. The
exchangeable sodium in the samples was all bio-
available because clays only weakly bond Na* ions,
and in the highly acid environment of the gut, the
Na* would be almost instantaneously exchanged
for H*, making the sodium available for uptake
(Tan 1996). This shows that the parrots are con-
suming soils with at least eight times more sodium
than their diets. The samples undoubtedly con-
tained additional amounts of water-soluble sodium
that were not measured in this study.

The importance of exchangeable sodium in this
system goes beyond the simple release of sodium
in the gut. Clays with higher concentrations of ex-
changeable Na* tend to become “dispersed.” This
means that the soil structure collapses and the soil
becomes very dense and plastic when wet and very
hard when dry (Tan 1996). The difference in tex-
ture is clearly noticeable in the field (D. Brights-
mith, pers. obs.) and should be noticeable to birds
as well. These dense clay soils are also nearly im-
permeable to water and almost impenetrable to
roots (Tan 1996). This may explain how these an-
cient soils maintain concentrations of soluble salts
similar to those from arid environments in an area
with over 2.8 m of rain per year.

The suggestion that vertebrates consume soil to
obtain sodium is hardly novel, as sodium supple-
mentation is the most common explanation for ge-

ophagy among vertebrates (reviewed in Klaus &
Schmid 1998). Gilardi et 2/ (1999) could not rule
out sodium supplementation as a contributing fac-
tor in parrot geophagy but their data showed only
a weak preference for soils with higher sodium con-
centrations. One reason for this finding may be
that both used and unused samples from their three
Manu sites had sodium concentrations 11-47
times greater than the average parrot diet. As ge-
ophagy may simultaneously satisfy multiple physi-
ological needs, soil choice by vertebrates may be
influenced by multiple criteria (Kruelen 1985).
Therefore, at sites with uniformly high sodium
concentrations like Manu, birds” soil selection de-
cisions may be based on other variables such as clay
content or cation exchange capacity.

Soil selection among geophagous species is ob-
viously nonrandom. This trend holds regardless of
the taxon and location in question (Oates 1978,
Knezevich 1988, Mahaney ez al. 1999, this study).
Experimental evidence has shown that soils are ca-
pable of adsorbing biologically relevant quantities
of toxins in vitro and that soil consumption by
parrots does reduce the absorption of toxins in vive
(Gilardi er al. 1999). Our study did not find evi-
dence that the parrots are choosing soils with great-
er CEC or clay content, the characteristics that cor-
relate with the capacity to adsorb toxins. Instead,
we found that birds chose soils with higher con-
centrations of sodium. These two findings are not
mutually exclusive but instead suggest that there
may be a set of conditional rules for soil selection.
In situations in which sodium concentrations are
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variable, the birds appear to choose soils that are
highest in sodium (this study). In areas in which
sodium concentrations are uniformly high, birds
may choose the soils that have the largest ability to
adsorb dietary toxins (Gilardi ez al. 1999).
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