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The Na:K problem

�‡Na is the only vital nutrient for vertebrates that is not 
needed by most plants (Taiz & Zeiger 1998)

�‡Na limits ecosystem function
�‡ Limits litter decomposition in northern Peru (Kaspari et al 2009)

�‡Na hunger usually drives soil consumption
�‡K is the primary cation in most plants
�‡Low Na:K ratios cause reduced bird growth

�‡ Na:K ratios of 0.5 to 1.8 recommended for young poultry 
(Johnson & Karunajeewa 1985, Table 1)

�‡Lowland Peru Na:K very low
�‡ Parrot foods in Peru Na:K ratio 0.0033

(Gilardi 1996, Brightsmith et al 2010, Table 1)

Natural Na sources
Soil, mineral water and palms

Soil in chick diets

Macaws at the clay lick, Tambopata Research Center

Macaws at the clay lick, Tambopata Research Center, Tambopata National Reserve Macaws drinking from sodium rich mineral springs, Contamana, Peru

Macaws eating Attalea butyracea trunks, Sandoval sector, Tambopata National Reserve
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Resource Sodium Potassium Na:K

Food items
41

±39, N=95
15,208

±14756, N=95
0.0033

±0.004, N=95

Clay lick soil 
(available minerals)

1360
±462, N=12

140
±24, N=12

9.8
±3.1, N=12

Mineral 
springs

1951
±33, N=2

230
±2, N=2

8.5
±0.07, N=2

Palms
(A. butyracea)

2431
±2065, N=6

6933
±5529,N=6

0.57
±0.63, N=6

0.5 to 1.8
Recommended
(for growing poultry)

Conclusions
Researchers in Na poor areas should 

watch for other unexpected Na 
sources 

Clay licks and other Na 
sources help parrots correct 
naturally low dietary Na:K

ratios

Many questions still unanswered:
What is the lower limit of dietary Na:K for parrots?

Do other Amazonian herbivores eat soil for the 
same reason?

Do Na levels limit Amazonian herbivore 
populations?
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Soil clay lick and 
chick diets

Sandoval
Palm trees
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Figure 1: Clay lick 
distribution. 
Red = highest probability of 
clay lick occurrence. MAXENT 
model using 24 environmental 
variables and locations of 52 
known clay licks in South 
America (from Lee et al 2009)

Highest lick densities
�‡In the western Amazon Basin (Fig 1)
�‡Far from the ocean
�‡In tropical and subtropical moist forest
�‡In areas of ancient marine intrusions

Coastal areas
�‡No parrot clay licks known
�‡Birds use other Na sources

�‡Mangroves > 55,000 ppm Na

�‡Parrot foods have high Na:K ratios 
�‡7.1 �“ 28, N = 30 food items from Costa Rica      

Matuzak and Brightsmith unpublished 

This work is part of the 
Tambopata Macaw Project 
under the direction of Donald 
Brightsmith since 1999
�‡Main research base is 
Tambopata Research 
Center 

�‡All three sites are in 
tropical moist forest 
~250m elevation

Parrot clay licks occur where
�‡Little Na in ecosystem

�‡Leaching is high 
�‡Sodium input is low 

�‡Dietary Na is low 
�‡Suitable soils exits

�‡Old marine intrusions, evaporative 
concentration of Na, etc.

Soil (TRC and other sites)
�‡ Clay licks are sites where parrots and other 

animals consume soil
�‡ Common in western South America 

�‡ Also in Africa, Mexico, New Guinea, etc.

�‡ Highest Na:K ratio in the region (Table 1) 

Mineral water 
(Contamana site)

�‡ One site in central 
Peru

�‡ Water has high 
Na:K ratio 

�‡ > 2500X higher than food items 
(Table 1)

Palms (Sandoval site)
�‡ Attalea butyracea growing 

in one patch of high Na soil
�‡ Parrots eat leaves and 

trunks
�‡ Parrots kill palms 

�‡reduce 30+ m palms to <5 m stubs

�‡ Na:K ratio
�‡K much lower than most local vegetation
�‡100X higher than diet (Table 1)

Parrot behavior is similar at all sites
�‡ Large groups at predictable times
�‡ Stereotypical behavior seen only at these Na sources

Suggests hormonally driven Na hunger

Parrot clay lick use 
�‡ Highest during the breeding season

�‡ True for nearly all parrot species in Tambopata

�‡ Adults feed soil to chicks

Soil increases Na:K ratio in chick diets

Crop samples Sodium Potassium Na:K

With soil (photo A)
570

±460, N=8
9300

±3100, N=8
0.055*
±0.29, N=8

Nosoil (photo B)
120

±970, N=22
6600

±1200, N=21
0.018*

±0.013, N=21

* t-test  p- < 0.001

Literature cited
Brightsmith, D. J., and R. Aramburú. 2004. Avian geophagy and soil characteristics in southeastern Peru. Biotropica 36:534-543.
Brightsmith, D. J., J. Taylor, and T. D. Phillips. 2008. The roles of soil characteristics and toxin adsorption in avian geophagy. Biotropica 40:766-774.
Brightsmith, D. J., D. Matsafuji, D. McDonald, and C. A. Bailey. 2010. Nutritional content of free-living Scarlet Macaw chick diets in southeastern Peru. J Avian Medicine and 

Surgery 24:9-23.
Cáceres, A., and D. J. Brightsmith. In review. Palms as a Supplemental Sodium Source for Parrots in the Western Amazon Basin. Biotropica.
Gilardi, J. D. 1996. Ecology of Parrots in the Peruvian Amazon: Habitat Use, Nutrition, and GeophagyPh.D. dissertation, UC Davis, Davis, California.
Gilardi, J. D., S. S. Duffey, C. A. Munn, and L. A. Tell. 1999. Biochemical functions of geophagy in parrots: detoxification of dietary toxins and cytoprotective effects. Journal of 

Chemical Ecology 25:897-922.
Johnson, R., and H. Karunajeewa. 1985. The effects of dietary minerals and electrolytes on the growth and physiology of the young chick. Journal of Nutrition 115:1680-1690. 
Kaspari, M., S. P. Yanoviak, R. Dudley, M. Yuan, and N. A. Clay. 2009. Sodium shortage as a constraint on the carbon cycle in an inland tropical rainforest. Proceedings of the 

National Academy of Science. USA 106:19405-19409.
Lee, A. T. K., S. Kumar, D. J. Brightsmith, and S. Marsden. 2009. Parrot claylick distribution in South America: do patterns of "where" help answer the question "why"? 

Ecography 32:1-11.
Powell, L. L., G. V. N. Powell, T. U. Powell, and D. J. Brightsmith. 2009. Parrots take it with a grain of salt: available sodiu�P���F�R�Q�W�H�Q�W���P�D�\���G�U�L�Y�H���&�R�O�O�S�D�����³�V�D�O�W���O�L�F�N�´�����V�H�O�H�F�W�L�R�Q������

in Southeastern Peru. Biotropica 41:279-282.
Taiz, L., and E. Zeiger. 1998. Plant Physiology, 2nd Ed. Sinauer, Sunderland, Maryland.

Even with soil, parrot chicks 
may be near the lower limit of 
acceptable Na:K ratio in their 

diets

What about clay licks and protection from dietary toxins? Previous research has shown that clay lick soils do bind some 
alkaloid toxins (Gilardi et al 1999). However, recent research papers have consistently found evidence to support the contention that Na, not protection from dietary 
toxins, drives the use of clay licks in South America (Brightsmith and Aramburu 2004, Brightsmith et al 2009, Lee et al 2009, Powell et al 2009, Brightsmith et al 2010, 
Caceres and Brightsmith in review). In addition, the geographical distribution of clay licks does not match the prediction from the toxin hypothesis that clay lick use 
should be common where toxins are highest (in areas of low soil fertility). Moreover, parrots use clay licks, palm trees, and mineral springs with nearly identical 
stereotypical behavior, yet the palms and mineral water have little potential to protect from toxins. In the opinion of the lead author, the evidence presented here plus 
future research will show toxin protection to be of little consequence in the use of clay licks in South America.
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Sodium and Potassium in the Western Amazon:
lessons from eleven years of parrot studies

Parrot clay licks in 
South America


