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Parrots Take it with a Grain of Salt: Available Sodium Content May Drive Collpa
(Clay Lick) Selection in Southeastern Peru
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ABSTRACT

Soils from 18 parrot collpas (‘clay licks’) in southeastern Peru averaged four times more available sodium than uneaten control soils. Collpa soils contained marginally
more clay than control sites and clay content was uncorrelated with available sodium content. Parrots may select and ingest soils based on available sodium content.

Abstract in Spanish is available at http://www.blackwell-synergy.com/loi/btp.
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AMAZONIAN collpas (ALSO KNOWN AS SALT LICKS, NATURAL LICKS,
OR CLAY LICKS) are locations where animals consume soil (Jones &
Hanson 1985, MacQuarrie 2001, Downs 2006, Bravo 2007). In a
single day, up to 1700 parrots of 17 species may congregate on some
collpas (D. Brightsmith, unpubl. data). A number of hypotheses have
been proposed to explain geophagy (the intentional consumption
of soil) including: (1) mineral supplementation (Jones & Hanson
1985); (2) adsorption of dietary toxins (Johns & Duquette 1991);
(3) pH buffering (Oates 1978); (4) relief from diarrhea (Vermeer &
Ferrell 1985); and (5) mechanical aid to digestion (Best & Gionfrido
1991).

Research on parrots in southeastern Peru supports the first two
hypotheses (Diamond et al. 1999, Gilardi et al. 1999, Brightsmith
& Aramburú 2004, Brightsmith et al. 2008), but the conclusions
drawn from them are equivocal. Gilardi et al. (1999) found that
collpa soils bound alkaloid toxins and suggested that sodium was
not a primary factor for geophagy because, while sodium levels
were elevated at collpa sites, they were not significantly different
from unused layers on the same riverbank. Later research at one
of the same sites concluded that while consumed soil provided a
source of dietary sodium, clay content in the soil explained more
variation in bird use than either sodium concentration or the soil’s
ability to bind toxins (Brightsmith et al. 2008). As clay is negatively
charged and has a relatively large surface area, it is a strong adsorber
of positively charged toxins such as the alkaloids that are common
in the diets of Amazonian parrots (Gilardi 1996, Boul et al. 1997).
Though acknowledging the potential value of sodium supplemen-
tation, Brightsmith et al. (2008) and Gilardi et al. (1999) propose
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that parrots may cue on unctuous (smooth and greasy) soils high in
clay content, thereby gaining the advantages of detoxifying effects
thought to be associated with clay consumption.

If parrots eat soil to supplement mineral intake, mineral con-
tent at collpas should be higher than in: (1) other accessible soil
horizons within the same riverbank that are not consumed; (2) ac-
cessible yet unused soil horizons on nearby riverbanks; and (3) the
diets of parrots in the region. We hypothesized that high sodium
concentration would explain selection of collpa locations, and that
by sampling 18 collpas, we would reduce the correlations among
variables (e.g., percent clay and sodium) that limited the conclu-
sions of Brightsmith et al. (2008).

In December 2006 and January 2007, we collected soils from
sites on or near five Amazon River tributaries in lowland rain forest
(184–265 m asl) and dispersed across about 175 km of the De-
partment of Madre de Dios, Peru (Fig. S1). We analyzed particle
size and the concentration of 22 metals from soil collected at 18
collpas and 18 control sites. Four collpas are permanently protected,
four are currently part of a temporary research concession, two are
within a community reserve, and eight are currently unprotected
(Fig. S1). To control for regional variability in mineral concentra-
tions, we elected to use a block design with two control treatments.
Thus, there were three treatment groups for each collpa: (1) soil
from the area of geophagy (hereafter, referred to as ‘collpa soil’);
(2) soil collected from the same exposed riverbank yet from a dis-
tinct, adjacent unconsumed soil horizon (‘adjacent control’); and
(3) unconsumed soil collected from the nearest exposed riverbank
(‘nearby control bank’). At known collpas, we confirmed the species
and the exact locations of geophagy with personal observations, the
presence of beak marks in the soil, and input from biologists and/or
local residents. We avoided nearby control banks that were sandy
or otherwise unlikely locations for bird geophagy (e.g., inaccessible,
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heavy boat traffic; Gilardi et al. 1999). We collected at least five
subsamples from each site using latex gloves and a stainless-steel
screwdriver to chisel pieces of the soil directly into a plastic bag.
The samples were air-dried and packaged prior to transport (Tan
1996, Mahaney & Krishnamani 2003).

We analyzed 277 subsamples for 22 available metals (alu-
minum, antimony, arsenic, barium, beryllium, cadmium, calcium,
chromium, cobalt, copper, magnesium, manganese, iron, lead,
molybdenum, nickel, potassium, silver, sodium, thallium, titanium,
and zinc) at EcoTest Laboratories, Inc., North Babylon, NY. The
available metals protocol included an extraction originally designed
to simulate the gastric environment of a human (Hunter & Kleine
1984) and subsequently modified to simulate the gastric environ-
ment of a parrot (Gilardi 1996). We agitated 1 g of soil at 38◦C
with 15 ml of pH 2.0-adjusted HCl solution for 60 min. The sam-
ples were centrifuged and analyzed for the metals as per United
States Environmental Protection Agency method 6010B using a
Perkin Elmer model 3300 (Perkin Elmer Inc., Waltham, MA) Op-
tima Simultaneous inductively coupled plasma spectrometer. To
address the alternative hypothesis that particle size may explain par-
rot’s choice of soils (Gilardi et al. 1999, Brightsmith & Aramburú
2004, Brightsmith et al. 2008), we analyzed samples for percent
sand (2000–50 μm; wet sieve), percent clay (< 2 μm; hydrom-
eter method; Miller et al. 1998), and percent silt (50–2 μm; by
subtraction) at the University of Maine. Due to time and budget
constraints, for each site, we used one or two randomly selected
subsamples (66 total) in the particle size analysis.

We used univariate analysis of variance (ANOVA) to determine
if the effect of collection site (collpa, adjacent control, or nearby
control bank) was significant for 21 available metals (277 subsam-
ples), percent sand, percent silt, and percent clay (66 subsamples).
We checked all variables for normality (Shapiro–Wilk tests) and
equality of variance (Levene’s test), and where distributions were
not normal (as was the case for sodium, magnesium, and percent
clay), we rank-transformed the data within each block before run-
ning ANOVAs. We used Bonferroni’s method to test for differences
between treatment group means (Miller 1981). To compare the re-
sults of metal analyses to those of particle size, we ran additional
ANOVAs on sodium and magnesium using the same data set (66
subsamples) as we used with percent clay, silt, and sand. To deter-
mine if response variables were correlated, we used Spearman’s rank
correlation test on all possible pairs of variables (Zar 1972).

At the 18 collpas, we obtained records of 30 avian species (in-
cluding 19 psittacids) consuming soil, 29 of which we observed
personally (Table S1). Of the 22 available metals we analyzed
(Table S2), only sodium and magnesium occurred at significantly
higher concentrations in collpa soils versus control soils. Collpa
soils had significantly more available sodium than both types of
control soils (F2 = 61.2, P < 0.0001; Fig. 1A). The mean avail-
able sodium concentration of 18 collpas was 1137 ppm (parts
per million), 33 times the mean total concentration of sodium
in foods of 18 psittacine species in southeastern Peru (N = 65 plant
species, 89 unique parts, x̄ = 35 ppm, SD = 32; Gilardi 1996,

FIGURE 1. (A) Mean available sodium concentration, (B) mean available

magnesium concentration, and (C) percent clay of soils in three treatments:

collpa, adjacent controls, and nearby control banks (N = 18 for each). Error bars

represent mean ± 95% CI calculated using error terms in the ANOVA models.

Treatment groups with the same lowercase letter indicate that rank-transformed

values were not significantly different (α = 0.05). Treatment group comparisons

shown for percent clay despite marginal overall model significance

(P = 0.075).
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Brightsmith et al. 2008). The mean available magnesium concen-
tration of collpas (527 ppm) was significantly greater than in control
soils (F2 = 10.8, P < 0.0002; Fig. 1B) and five times less than
the total magnesium concentration in foods of psittacine birds in
southeastern Peru (N = 65 plant species, 90 unique parts, x̄ = 2786
ppm, SD = 2050; Gilardi 1996, Brightsmith et al. 2008).

For the overall model, percent clay was only marginally differ-
ent between collpa and control soils (F2 = 2.80, P = 0.075). Collpa
soils had more clay than adjacent control soils, but no more than
nearby control bank soils (Bonferroni t33 = 2.5, α = 0.05; Fig. 1C).
In contrast, when run on this same smaller data set (66 subsamples
total), available sodium and available magnesium concentrations
were still significantly greater in collpa soils compared with either of
the two control soils (Na: F2 = 46.0, P < 0.0001; Mg: F2 = 8.17,
P < 0.0013). There was no difference in percent sand or percent
silt between collpa soils and control soils (P = 0.55 and P = 0.30,
respectively; Table S1).

The concentrations of sodium and magnesium ions in the soil
were positively correlated (r = 0.15, P = 0.015), while percent clay
was not correlated with sodium (r = 0.04, P = 0.74) or magnesium
(r = 0.16, P = 0.19) concentration.

The available sodium concentration in collpa soils was four
times higher than in adjacent control soils, 12 times higher than
in nearby control bank soils, and 33 times higher than the mean
total sodium of psittacine diets in southeastern Peru (Gilardi 1996,
Brightsmith et al. 2008). Available magnesium concentration was
also greater in collpa soils than in control soils. However, we doubt
the importance of collpas as a biologically significant source of mag-
nesium as foods of psittacine birds in the region had total magne-
sium concentrations approximately five times greater than available
magnesium at collpas (Gilardi 1996, Brightsmith et al. 2008). Al-
though we compare total magnesium to biologically available mag-
nesium, we believe this is a valid comparison as Henry and Benz
(1995) found that 95 percent of the total magnesium in plants is
available to galliform birds. We suspect that high magnesium con-
centrations are the result of a correlation with sodium and not an
explanation for collpa selection by parrots.

Given that collpas were only marginally higher in percent clay,
our data suggest that parrots are not targeting the most unctuous
soils. Rather, the strong correlation between available sodium and
soil consumption suggests that sodium may be driving the selection
of collpa soils in the southern Peruvian Amazon. The mechanism be-
hind this selection remains unknown as no studies have adequately
tested parrots’ ability to detect sodium.

The attraction to sodium is by no means unique to parrots.
Sodium accounts for more than 90 percent of extracellular fluid
cations in vertebrate bodies in which it is required for the regu-
lation of blood pressure, the conduction of nerve impulses, and
muscle contraction (Guyton 1976, Randall et al. 1997). In do-
mestic chickens, sodium deficiency results in weight loss, decreased
egg production, increased susceptibility of chicks to disease, and
cannibalism (Begin & Johnson 1976, Enos & Monsi 1977, Berger
1987, Pimentel & Cook 1987). Frugivorous and granivorous species
(e.g., parrots) may be particularly vulnerable (Symes et al. 2006),
as sodium is not required by many plants (Epstein 1972, Klaus &

Schmidt 1998) and, along with other soluble nutrients, is generally
in low abundance in the Amazonian soils (Stark 1971a, Terborgh
1992) and flora (Stark 1971b).

Presumably, parrots that risk predation and pay the metabolic
price of traveling to collpas (as much as 2 h and many kilome-
ters; Munn 1992) are increasing their fitness in some way. In fact,
Brightsmith (2004) and G. Powell (pers. obs.) have reported in-
creased collpa use during the macaw nesting season, and collpa soil
has been collected from the crops of macaw chicks in the region (D.
Brightsmith, pers. obs.). While sodium is likely playing a key role
in the selection of soils by parrots, we acknowledge that there are
likely multiple physiological benefits of geophagy. We recommend
that future work address the detoxifying potential of collpa soils,
with bioassays that both accurately represent the gastrointestinal
environment of psittacids and account for the variety of toxins in
psittacid diets (Gilardi 1996). To assess the conservation value of
this important yet commonly unprotected resource, future studies
should determine if parrots obtain sodium from alternative sources
and must ultimately comprehend how collpa use affects psittacid
fitness.
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TABLE S2. Mean (± SD) particle size percentages and available
metal concentrations (in parts per million) of soils at 18 parrot collpas
in southeastern Peru.
FIGURE S1. Distribution of collpa and nearby control sites sampled
in the Department of Madre de Dios, Peru.
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