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Overview of Project

For my dissertation research, supported by a pre-doctoral research grant from the LSB Leakey
Foundation, | investigated the consequences of color vision variation on foraging by white-faced
capuchins (Cebus capucinus) inhabiting a seasonally dry, tropical forest. Like most other Neotropical
monkeys, capuchins possess a polymorphic M/L opsin gene, leading to the presence of multiple
dichromatic and trichromatic color vision phenotypes within the population and among social groups.
My aim was to determine how color vision variation affected foraging choices, behaviors and efficiency.

Capuchins are highly omnivorous and | investigated their foraging patterns for both fruits and insects.
Overview of Methods

My methods included behavioral observations of the individuals in four groups (N=72) of free-ranging
monkeys and color vision genotyping of all group members from fecal DNA, as well as ecological
measures of the use and availability of their natural foods, and colorimetric data collection to document
their visual environment and to model the appearance of their diet. | conducted 13 months of field
research in north-western Costa Rica between January 2007 and September 2008. | assisted with the
genotyping of the monkeys, which was completed via DNA amplification and sequencing at the

University of Tokyo from January 2006-December 2010.
Summary of Analyses and Results
Do trichromatic capuchins have an advantage over dichromats for frugivory?

| found that trichromatic individuals, especially those with the most spectrally-separated
photopigments, were more accurate than dichromats during close-distance foraging for conspicuous
(reddish) fruits. These fruits were an important component of the capuchin diet and were consumed
most frequently during the hottest and driest months of the year when they provided a critical source of
moisture, having higher water content than fruits of other colors. However, trichromat advantage was
not universal. Trichromats did not have an advantage for selecting cryptically-colored fruits. Simulations
of capuchin color vision phenotypes during computer trials emulating naturalistic foraging tasks

(searching for fruits and insects against their native backgrounds) performed by human volunteers



revealed a detection advantage to individuals experiencing trichromatic color vision types for brownish,

yellowish and reddish fruits, but not for greenish, purple or black fruits.

Do dichromatic monkeys compensate behaviorally for their decreased capacity for visual chromatic

discrimination?

Dichromatic monkeys exhibited different foraging behaviors than their trichromatic counterparts,
indicating that they compensate behaviorally for their poorer chromatic vision. Dichromatic monkeys
had a relatively increased foraging attempt rates (number of fruits investigated per minute) and
heightened use of non-visual senses, for example smell during fruit foraging as compared to

trichromatic monkeys.
Is dichromacy advantageous over trichromacy for any foraging situations?

Dichromatic monkeys did have a foraging advantage for certain food types. They had a higher capture
efficiency of surface-dwelling invertebrates, while trichromatic monkeys increased their search times to
achieve the same net prey intake. This is interpreted to reflect an increased ability of dichromats to
penetrate the camouflage of dietary invertebrates against their natural backgrounds and reflects an

interesting foraging advantage.
Relevance for human evolution

Like Neotropical monkeys, such as capuchins, and unlike other catarrhine primates, humans have a high
incidence of color vision deficiencies. The evolutionary significance of this is unknown. While this may
reflect a relaxation of selection pressure operating on the M/L opsin gene during human evolution,
alternatively, the relatively high occurrence of human dichromats and anomalous trichromats may have
an adaptive explanation. If, like capuchin monkeys, color deficient humans had an improved ability to
detect camouflaged prey, or other important objects such as conspecifics or predators, then natural
selection may have favoured their persistence. At the same time, the continued predominance of
human trichromats indicates that color vision remained important throughout human evolution and
suggests that if dichromat phenotypes were favoured under some conditions, they were not favoured
under all conditions. Niche-divergence, frequency-dependant or mutual benefit of association
mechanisms of balancing selection could potentially explain the stable persistence of multiple

phenotypes among populations.



Conclusions

In sum, advantages can be identified for both dichromacy and trichromacy. My findings indicate that

frugivory involving brownish, reddish and yellowish fruits may exert selection pressures favouring

trichromacy. Advantages associated with insectivory may alternatively favour the persistence of

dichromatic phenotypes among capuchin monkeys in this polymorphic system. Furthermore, dichromats

can compensate behaviorally during fruit foraging, to achieve similar net fruit intakes as trichromats.

Future studies should examine the associated energetic costs and benefits, as well as the long-term

reproductive success of dichromatic versus trichromatic primates to better understand the evolutionary

mechanisms maintaining polymorphic color vision.
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