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Characterizing Cuttlefish Camouflage

[McDermott & Simoncelli, 2011]

This is accomplished by expanding pigment-filled sacs, known as chromatophores.
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Hypothesis: Cuttlefish computes a set of statistics of their visual environment, and then 
generates a skin pattern that matches these statistics.
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What other statistics might they be matching? 

Visual Texture is common in a 
cuttlefish’s natural environment. 

Visual texture = Images that are spatially homogeneous, containing repeated structures, 
typically with some random variation (Portilla & Simoncelli, 2000).

Using chromatophores to produce images is reminiscent of halftone printing.
Screen print Squid skin

This chromatophore halftone process is going to constrain the patterns the animal can make.

Original skin patterns

Corresponding synthetic texture

Portilla and Simoncelli texture statistics capture cuttlefish skin appearance. 

[Packard 1995] 

Cuttlefish change color & pattern of skin to evade detection.

The computational problem 

Samples from renderer

Model density of pigment as an ellipsoidal “sac of ink”: 

Empirical data
[Reiter et. al., 2020]

Reflectance of chromatophores is computed by:

Building a cuttlefish skin renderer

1: Place dark chromatophores using Poisson disk sampling.
2: Place light chromatophores using rejection sampling based on distance to nearest dark.
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Optimization: What statistics are cuttlefish matching?

Update radii of chromatophores to minimize || S - S’||

Vector of statistics from 
simulated skin patch: S

Vector of statistics from 
background sample: S’
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Do cuttlefish match Portilla & Simoncelli texture statistics? 

Simulating a patch of cuttlefish skin:

References: 
Portilla & Simoncelli (2000) A Parametric Texture Model Based on Joint Statistics of Complex Wavelet Coefficients. IJCV.
Reiter et. al. (2018) Elucidating the control and development of cuttlefish skin patterning in cuttlefish. Nature.
Packard (1995) Organization of cephalopod chromatophore systems: a neuromuscular image-generator. Cephalopod Neurobiology.

Thanks to Billy Broderick, David Brainard, Thomas Barlow & Tessa Montague for useful 
feedback and discussions  and Connor Gibbons, Thomas Mungioli, & Kelly Patrick for 
animal care. 
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Behavioral Paradigm 
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To test this, we built a cuttlefish skin renderer based on known biological properties. 

Standard deviation of the filter response magnitudes
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Autocorrelation of the filter response magnitudes Autocorrelation of the reconstructed filter response magnitudes

Cross-orientation correlations between the filter response magnitudes

Cross-scale correlations between the filter response magnitudes
scale 0 &1 scale 1 & 2 scale 2 & 3

A reduced set of Portilla & Simoncelli statistics 

Reduced set of statistics
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Examples of camouflage
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Modeling spatial distribution of chromatophores: 

Modeling light absorption of chromatophores: 

orientation 0 orientation 1 orientation 2 orientation 3
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Rendering image: 

Z-scores 
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Simulating cuttlefish:
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