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Abstract: Primate color vision reflects a mosaic of adaptive outcomes shaped by genetic divergence, ecological conditions, and social 

behavior. While humans and Old World monkeys typically possess trichromatic vision, many other primates, such as New World 

monkeys and lemurs, exhibit dichromatic or polymorphic systems. Rather than representing a linear evolutionary progression, this 

diversity underscores multiple evolutionary strategies suited to specific environments. This article reviews the genetic models and 

ecological factors influencing this variation, including the foraging and social signaling hypotheses. It argues that primate color vision is 

a product of context-specific trade-offs, with each visual system offering distinct survival advantages. 
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1. Introduction 
 

Color vision in primates represents an example of adaptive 

evolution, the result of complex relationships among 

ecology, behavior, and genetic divergence. Humans and Old 

World monkeys exhibit trichromatic vision, although many 

other primates (e.g., New World monkeys, lemurs) have 

either dichromatic or polymorphic systems. Given the 

variation found across primate color vision, it challenges the 

assertion that trichromacy is the best trait by virtue of being 

"evolved", instead primate vision represents a mosaic of 

evolutionary outcomes that are given form by their specific 

social and ecological contexts. 

 

This article probes the selection pressures and genetic 

processes that underlie primate color vision variation. It 

explores two hypotheses— the foraging hypothesis, where 

trichromacy is linked to detection of fruit and leaves, and the 

social signaling hypothesis, where trichromacy is linked to 

visual communication in a social setting. The article also 

examines how dichromatic and even monochromatic vision 

systems remain adaptive advantages in low light or highly 

camouflaged environments. Genetic models, including X-

linked opsin variation and independent gene duplications, 

are discussed that may explain variation in visual. 

 

Using a suite of evidence based in genetics, retinal 

morphology, behavioral, and ecological circumstances this 

paper argues that primate color vision represents a set of 

adaptive compromises rather than a simple unidirectional 

path toward complexity. These systems reflect the processes 

of evolution respectively emphasizing survival, perceptual 

systems and flexibility each of which in turn emphasises 

distinct, functional ways. 

 

Color vision exists as more than a sensory trait. It is an 

evolutionary channel through which primates have 

responded and adapted to the multitude of constraints of 

their environments. 

 

Humans and Old World monkeys typically have a 

trichromatic system, while other primates (e.x., lemurs or 

New World monkeys) have a dichromatic or polymorphic 

color vision systems. The question arises: if trichromatic 

vision would seem to better enable creatures to detect ripe 

fruit or important social signalling, and given that 

trichromaticism is genetically possible given we have it how 

come not all primates have it? 

 

The answer is likely due to the substantial ecological, 

genetic, and behavioral differences between primate species. 

As a result, color vision in primates is not a single 

evolutionary pathway, but rather a mosaic of trait 

modifications that have been shaped by each species' light 

environments, dietary demands, and social signalling 

requirements. For some primates, being able to distinguish 

red from green allows for a unique foraging strategy. For 

others, especially those living in low-light or dense-canopy 

environments, dichromatic or higher contrast sensitivity can 

provide equally valid survival tools. 

 

Several primates also demonstrate a remarkable middle 

ground-polymorphic trichromacy, where females can be 

trichromatic and males dichromatic due to the X-linked 

opsin gene. This variation in vision is common in New 

World monkeys and provides strong evidence that natural 

selection doesn't favor simply one "better" trait in all cases. 

Variation is maintained when differences in sensory ability 

are advantageous depending on the circumstances, like 

hunting down camouflaged prey versus distinguishing the 

colors of fruit. 

 

We also find the fossil record, along with comparisons of 

orbital size, retinal layout, and genetic pathways, to suggest 

that it is likely that trichromatic vision has arisen many times 

independently across the primate lineages, indicating that 

convergent evolution can occur due not only to similar 

intrinsic characteristics, but also due to similar ecological 

pressures, such as foraging under daylight conditions or 

relying on visual information to engage in social interaction. 

The emergence of new, complex traits is in fact usually quite 

non-linear, and it illustrates the context-dependent and 

flexible nature of sensory evolution. This paper assesses the 

evolutionary pathway and adaptive value of primate color 

vision, identifying the evolutionary split between 

trichromacy and dichromacy. Using comparative evidence 

from genetics, morphology, and ecology, the paper suggests 

that visual systems are a result of trade-offs made in an 

Paper ID: SR25728145544 DOI: https://dx.doi.org/10.21275/SR25728145544 1805 

http://www.ijsr.net/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2024: 7.101 

Volume 14 Issue 7, July 2025 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

environmental context, not a global evolutionary 

progression. Ultimately, by assessing how different primates 

see the world, we begin to understand development through 

the lens of evolutionary outcome, as well as the implications 

this has on behavior and survival. This article aims to 

explore the adaptive significance and evolutionary 

mechanisms underlying the diversity of color vision in 

primates, focusing on the genetic, ecological, and behavioral 

contexts that shape visual systems. 

 

2. Literature Review 
 

Researchers have investigated primate color vision, 

incorporating findings from anatomy, genetics, ecology, and 

behavior to understand the visual diversity that exists in 

primates. 

 

Primates are the only mammals that consistently rely on 

visual information, often having trichromatic color vision. 

While trichromacy is common in humans and Old World 

monkeys and apes, most mammals are dichromats despite 

having monochromatic and trichromatic relatives. 

 

Given the potential biological disadvantages associated with 

trichromacy, researchers want to understand the selective 

pressures that led some primate groups to enhance chromatic 

perception, while others retained or reverted to simpler color 

systems. 

 

The foraging hypothesis is one prominent explanation for the 

emergence of trichromatic vision in primates. This 

hypothesis, originally proposed by Mollon (1989) and 

elaborated by Regan et al. (2001) and Dominy and Lucas 

(2001), suggests that the development of trichromatic vision 

enabled individuals to identify ripe fruits and young, reddish 

leaves amongst a sea of green foliage. These food types 

often offer important nutritional supplements and the ability 

to make red–green distinctions may allow trichromatic 

individuals to readily find and assess these food types. The 

absorption spectra of the long (L) and medium (M) 

wavelength cones in trichromats are tuned to support this 

role of trichromacy, and further support the idea that 

trichromacy is an adaptation to frugivorous or folivorous 

dietary habits in diurnal contexts.  

 

The foraging hypothesis does not explain everything about 

the evolution and maintenance of trichromatic vision. 

Another interesting viewpoint is the social signaling 

hypothesis, which proposes that trichromacy improves the 

ability to discern subtle differences in skin color that are 

caused by blood flow which regarding signals regarding 

emotional states, reproductive status, and social dominance 

(Changizi et al., 2006). Some examples are mandrills and 

rhesus macaques, where red coloration on the face or 

genitalia is (in part) important for mate choice and displays 

of status. In some of these cases, the need for better red–

green color vision for social communication may be as 

important as it is for foraging. This explains why it is 

especially interesting in highly social, diurnal primates that 

spend a lot of time interacting face to face and have complex 

social hierarchies. 

 

In contrast, dichromatic vision is still widespread and 

functional in many primate lineages. Heesy and Ross (2001) 

propose that dichromacy, rather than an evolutionary 

disadvantage, may confer unique adaptive advantages. 

Dichromatic individuals may be better able to detect 

camouflaged insects, small animals, or predators in mottled 

or shadowed situations, and this may be particularly 

advantageous in low light situations, which are also common 

in forested conditions. This trade off is even stronger with 

nocturnal or cathemeral primates, such as the owl monkey 

(Aotus) and some lemurs, who seemingly have lost or have 

reduced cone function, or largely have lost variation in color 

perception, and now largely rely on increased rod function 

for improved night sensitivity. These examples highlight 

how color vision has been completely lost or reduced when 

color vision no longer provides any potential ecological 

advantage, and further demonstrates the importance of 

environmental context in understanding the evolution of 

visual capacities. 

 

A significant aspect of this diversity rests with the genetic 

mechanisms that govern primate color vision. In Old World 

monkeys and apes (catarrhines), the basic mechanism for 

trichromatic vision is present through a gene duplication on 

the X chromosome producing distinct M and L opsins which 

allows both males and females to express normal 

trichromatic vision. In contrast, New World monkeys 

(platyrrhines) have a unique configuration, as they typically 

only have a single opsin gene on the X chromosome that has 

multiple allelic forms that are unaffected by the other allele. 

Females heterozygous for two different alleles can express 

polymorphic trichromacy, while males and homozygous 

females will only be capable of observing dichromacy 

(Jacobs, 1993). This configuration allows populations to 

harbor both trichromatic individuals and dichromatic 

individuals, allowing both types of color vision to provide 

different niche advantages, the former being beneficial for 

fruit finding, while the latter increase camouflage-breaking. 

 

Interestingly, among the New World monkeys, the howler 

monkey (Alouatta) lineage is the only exception. Howler 

monkeys can be considered as routine trichromats because 

of a second opsin gene duplication that has led to both male 

and female howler monkeys independently evolving a visual 

system that is functionally similar to that of Old World 

monkeys (Matsumoto et al., 2014). Thus, the evolution of 

trichromacy appears to be a result of strong selection 

pressures, related particularly to diet and the asymmetrical 

pathways via which related trichromacy has evolved 

suggests that different but strongly selective pressures 

should lead to similar evolution via strongly divergent 

genetic pathways. In contrast, dichromacy has been retained 

in a large number of strepsirrhines, including lemurs and 

lorises, where visual spectra covered by dichromats would 

generally correspond with nocturnal, or crepuscular activity 

patterns related strongly ecologically with the fact that 

ambient light was low (Heesy & Ross, 2001). Strepsirrhines 

show how ancestral traits are conserved when consonant 

with ecological restraints like having low ambient light 

levels. 

 

Despite the diversity of adaptations, one fact is evident: 

colour vision in primates is the combination of decisions and 

trade-offs, not a progression toward an objective standard of 
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success with colour vision being more complex or somehow 

better. The types of vision do not exist in some hierarchy of 

superiority. Rather, the distinct types of vision should be 

seen as different solutions to different ecological problems 

that reflect the complex trade-off between foraging 

efficiency, social needs, light environments, and genetic 

mechanisms. Even among members of the same species like 

squirrel monkeys or tamarins, individuals will differ in their 

visual capacities because of allelic variation. So, a group of 

tamarins have a range of perceptual strategies, that make it 

more adaptable in the environment. Heesy and Ross (2001) 

reiterate, this variation is not noise, it is, evolution: best fit 

solutions for different social and environmental contexts. 

 

As scholars investigate primate vision utilizing 

morphometrics, cladistic information, retinal structure, and 

opsin gene mapping, it becomes easier and more nuanced to 

create difficult portraits of primates' vision. Studies that 

integrate fossil data and genetic sequences interpretations 

suggest that trichromacy may have developed independently 

on more than once and that it may have been lost along 

lineages that had little need for this trait. These findings 

suggest that the history of the breeding of a species is not a 

single document but several interrelated stories shaped by 

the limitations and opportunities presented by both body and 

world. 

 

3. Conclusion 
 

The story of primate color vision does not follow a linear 

path of advancing sensory capabilities but rather, it is a 

complex organismal decision made under the constraints of 

ecology, genetics, and behavior. Trichromatic vision is 

advantageous in detecting fruit and social signaling, but it is 

not the best strategy across the board, as other dual and even 

single color vision mechanisms are also viable strategies in 

the appropriate context, namely low light or high camouflage 

conditions, in which the variation in perception is not about 

evolution towards better, but that each type of vision has 

evolved from the demands of survival. 

 

Across primate species examples of color vision provide 

insight on how biology adapts to context. In some lineages 

including Old World monkeys, the duplication of a gene 

provided a regular option of trichromacy for a given social 

group which led to both male and females with trichromacy. 

Monkeys in other lineages, including New World monkeys, 

have a polymorphic single gene which allows some 

individuals to see the world one way and some in alternative 

ways—all available options in the same social group and 

environment contributing differently to navigation through a 

shared ecosystem. Then again within the recently nocturnal 

end of the spectrum, some species such as owl monkeys 

experience reduced capacity for color vision altogether, 

evolution involved simplification, which is as relevant as 

complexity in evolution. 

 

We also learn something important about the nature of 

perception itself by examining how primates take in the 

world, it is not static, and it is not typically one-size-fits-all. 

Every visual system is fundamentally a compromise between 

what the body can handle, what the environment 

necessitates, and what is adaptive for survival. Although 

there are many more questions to be answered, future work, 

particularly into genetics of opsin variation and studying the 

fossil record of early primates, holds great promise to clarify 

how and why these different options evolved as they did. 

Ultimately, seeing like a primate is to see not only in color, 

but in adaptation. 

 

Understanding the variation in primate color vision not only 

sheds light on evolutionary biology but also offers insights 

into how perception and behavior co-evolve with 

environmental demands. 

 

References 
 

[1] Changizi, Mark A., Qiong Zhang, and Shinsuke 

Shimojo. “Bare Skin, Blood and the Evolution of 

Primate Colour Vision.” Biology Letters, vol. 2, no. 2, 

2006, pp. 217–221. 

https://doi.org/10.1098/rsbl.2006.0440. 

[2] Dominy, Nathaniel J., and Peter W. Lucas. “Ecological 

Importance of Trichromatic Vision to Primates.” Nature, 

vol. 410, no. 6826, 2001, pp. 363–366. 

https://doi.org/10.1038/35066567. 

[3] Heesy, Christopher P., and Callum F. Ross. “Evolution 

of Activity Patterns and Chromatic Vision in Primates: 

Morphometrics, Genetics and Cladistics.” Evolutionary 

Anthropology: Issues, News, and Reviews, vol. 10, no. 

5, 2001, pp. 234–253. 

https://doi.org/10.1002/evan.1021. 

[4] Jacobs, Gerald H. “The Distribution and Nature of 

Color Vision among the Mammals.” 

[5] Biological Reviews, vol. 68, no. 3, 1993, pp. 413–471. 

https://doi.org/10.1111/j.1469-185X.1993.tb00738.x. 

[6] Matsumoto, Yuki, Shoji Kawamura, and Gerald H. 

Jacobs. “Variation in Color Vision in New World 

Monkeys: The Polymorphic and Routine Trichromacy in 

Alouatta.” Vision Research, vol. 104, 2014, pp. 31–40. 

https://doi.org/10.1016/j.visres.2014.08.006. 

[7] Mollon, John D. “‘Tho’ She Kneel’d in That Place 

Where They Grew...’ The Uses and Origins of Primate 

Colour Vision.” Journal of Experimental Biology, vol. 

146, 1989, pp. 21–38. 

https://doi.org/10.1242/jeb.146.1.21. 

[8] Regan, B. C., et al. “Fruits, Foliage and the Evolution of 

Primate Colour Vision.” Philosophical Transactions of 

the Royal Society B: Biological Sciences, vol. 356, no. 

1407, 2001, pp. 229–283. 

https://doi.org/10.1098/rstb.2000.0773. 

Paper ID: SR25728145544 DOI: https://dx.doi.org/10.21275/SR25728145544 1807 

http://www.ijsr.net/
https://doi.org/10.1098/rsbl.2006.0440
https://doi.org/10.1038/35066567
https://doi.org/10.1002/evan.1021
https://doi.org/10.1111/j.1469-185X.1993.tb00738.x
https://doi.org/10.1016/j.visres.2014.08.006
https://doi.org/10.1242/jeb.146.1.21
https://doi.org/10.1098/rstb.2000.0773



