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GENERAL TITLE:
Development of an Ecological/Evolutionary Approach to

Animal Cognition

Lecture 1. From Learning Sets to Hummingbirds

This story begins with research on learning—sets in birds,
particularly blue jays, members of the corvid family. In a series
of studies, we demonstrated that blue jays perform as well
as many primates (and better than some) on the learning set
task, then viewed as an excellent comparative test of animal
intelligence. This finding led me to question the usefulness of
phylogenetic relationships as the sole predictor of the learning
abilities of animals, and to begin looking for ways in which
learning could play an important role in the natural world of
animals, particularly birds.... which led me to studies of win—
shift learning in nectar feeding birds.

References:

Kamil, A. C., Jones, T. B., Pietrewicz, A., & Mauldin, J.
E. 1977. Positive transfer from successive reversal training
to learning set in blue jays. Journal of Comparative and
Physiological Psychology. 91: 79-86.

Kamil, A. C. 1978. Systematic foraging by a nectar—feeding
bird, the Amakihi (Loxops virens). Journal of Comparative and
Physiological Psychology. 92: 388-396.

Cole, S., Hainsworth, F. R., Kamil, A. C., Mercier, T.,
& Wolf, L. L. 1982. Spatial learning as an adaptation in
hummingbirds. Science. 217. 655-657.

Lecture 2. From Hummingbirds to Nutcrackers

Although the nectar—feeding research produced interesting
results, these birds were hard to work with. Then, through
a combination of luck and intuition, Russell Balda and [

developed the nutcracker model for the study of spatial

memory in food—storing birds. In a long series of studies, we
demonstrated that these birds find their stored seeds through
spatial memory, that this ability is correlated with dependence
on stored seeds in nature and that the species differences are
also found in radial-maze and operant studies.

References:

Kamil, A. C. & Balda, R. P. 1985. Spatial memory and cache
recovery in nutcrackers. Journal of Experimental Psychology:
Animal Behavior Processes. 11: 95-111.

Balda, R. P., & Kamil, A. C. 1989. A comparative study of
cache recovery by three Corvid species. Animal Behaviour.
37: 486-495.

Olson, D. J., Kamil, A. C., Balda, R. P. & Nims, P. J. 1995.
Performance of four seed—caching Corvid species in operant
tests of nonspatial and spatial memory. Journal of Comparative

Psychology. 109: 173-181.

Lecture 3: From Searching Images to Moth Evolution

Another idea that came from the ecological literature was
the idea of the searching image, that visual predators improve
their ability to detect cryptic prey when they encounter the
same prey type several times in succession. We adapted
Herrnstein’s concept formation paradigm to use operant
procedures to study prey detection, and test the searching
image hypothesis. More recently, Alan Bond and [ have
advanced the technique to directly study the evolution of
cryptic prey.

References:

Pietrewicz, A., & Kamil, A. C. 1977. Visual detection of
cryptic prey by blue jays. (Cyanocitta cristata). Science. 195:
580-582.

Pietrewicz, A. T., & Kamil, A. C. 1979. Search image
formation in the blue jay (Cyanocitta cristata). Science. 204:
1332-1333.

Bond, A. B., & Kamil, A. C. 2002. Visual Predators Select
for Crypticity and Polymorphism in Virtual Prey. Nature.
415:609-614.

Bond, A. B., & Kamil, A. C. 1999. Searching Image in Blue
Jays: Facilitation and Interference in Sequential Priming.
Animal Learning and Behavior. 27:461-471.

Lecture 4: From Monkeys to Pinyon Jays: Social Cognition
The social complexity hypothesis is one of the most popular
accounts of the evolution of primate (including human)
intelligence intelligence). This has proven exceptionally
difficult to test in primates, but we have successfully applied
the hypothesis to birds, demonstrating high levels of transitive

reasoning in highly social pinyon jays in both operant



procedures and in actual direct observation of other birds.
References:

Bond, A. B., Kamil, A. C., & Balda, R. P. 2003. Social
complexity and transitive inference in corvids. Animal
Behaviour. 65: 479-487.

Paz-y-Mifo, G, Bond, A. B., Kamil, A. C., & Balda, R. P.
2004. Pinyon jays use transitive inference to predict social

dominance. Nature. 430: 778-782.

General References (for those interested in more):

A general discussion of a comparative approach to the study
of animal learning: Kamil, A. C. 1988. A synthetic approach
to the study of animal intelligence. In D. W. Leger (Ed.),
Comparative Perspectives in Modern Psychology, Nebraska
Symposium on Motivation, Vol. 35. Lincoln: University of
Nebraska Press.

A general introduction to how we invented the “virtual
ecology” operant approach to the study of prey evolution:
Kamil, A. C., & Bond, A. B. 2001. The evolution of virtual
ecology. In L. A. Dugatkin, (Ed.), Model Systems in Behavioral
Ecology, Princeton Univ. Press.

A very general description of our approach for the
nonspecialist: Kamil, A. C., & Bond, A. B. 2002. Cognition as
Independent Variable: Virtual Ecology. In M. Bekoff, C. Allen,
G. Burkhart (Eds.), The Cognitive Animal (pp.143-150), MIT
Press: Cambridge, MA

A model for how nutcrackers may use landmarks to find
their caches: Kamil, A C., & Cheng, K 2001. Way—finding
and landmarks: the multiple-bearings hypothesis. Journal of
Experimental Biology. 204: 103-113.
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