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Abstract.—Phenotypic plasticity allows many amphibians, including several salamander 

species, to adjust skin luminance in response to background brightness. In habitats with 

heterogeneous substrates in color and brightness, such plasticity may generate substantial 

individual variation within a population. In a population of the terrestrial salamander 

Ensatina eschscholtzii, a recent study documented an unusually high frequency of atypical 

light phenotypes characterized by pink and orange dorsal coloration. This population occurs 

in a site dominated by extensive light-colored dune sand, suggesting a potential environmental 

influence on apparent coloration. We propose that substrate-driven plasticity may shift the 

apparent luminance of typical individuals toward lighter phenotypes in this species, and 

predict that this response occurs primarily in juveniles and diminishes through ontogeny. 

Key Words.—Amphibian coloration; background matching; color change; phenotypic plasticity; 

Terrestrial salamander.  

 

Ensatina eschscholtzii is a plethodontid salamander that comprises a series of geographically 

differentiated populations forming a ring around California’s Central Valley, representing a classic 

example of a ring species complex in western North America (Stebbins 1949; Wake 1997). Within 

this system, the Monterey population displays relatively uniform dorsal coloration, ranging from 

pinkish-brown to reddish-brown (Stebbins and McGinnis 2018), and is hypothesized to rely on 

dorsal coloration to achieve predator avoidance through background-matching crypsis (Stebbins 

1949; Kuchta 2005).  

Background matching is one of the primary anti-predator strategies in amphibians (Rudh and 

Qvarnström 2013), and its effectiveness is influenced by the luminance of the surrounding substrate 

(Barnett et al. 2020; Caro and Koneru 2021). When substrate luminance changes, many amphibian 

species can adjust the luminance of their skin through phenotypic plasticity, allowing their coloration 

to better match the background and maintain camouflage (Duarte et al. 2017; Liedtke et al. 2023; 

Zhai et al. 2024; Lorrain-Soligon et al. 2025). This plasticity is mediated by specialized cells arranged 

in layers within the dermis called chromatophores, which collectively determine skin color in 

amphibians, allowing individuals to better match their background (Bagnara et al. 1968; Nilsson 

Sköld et al. 2013; Zhai et al. 2024). In some amphibian species, these processes can produce 

substantial luminance changes, from light to very dark coloration in response to background 

brightness (Choi and Jang 2014; Liedtke et al. 2023; Zhai et al. 2024). This type of color plasticity 
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has been linked to intraspecific variation in dorsal coloration in many amphibian taxa (Kang et al. 

2016; Preißler et al. 2021; Lorrain-Soligon et al. 2025).  

Substrate-driven color plasticity has been documented in several salamanders, though most 

evidence comes from larval stages (Garcia and Sih 2003; Segev 2009; Polo-Cavia and Gomez-

Mestre 2017). However, in the tiger salamander Ambystoma tigrinum nebulosum, substrate-

induced plasticity persisted after metamorphosis but it was slower and expressed within a narrower 

range in older individuals (≥3 years; about 30 to 50 days to shift color) (Fernandez and Collins 

1988). Kraemer et al. (2012) found that Plethodon cinereus, a plethodontid salamander relative of 

Ensatina eschscholtzii, exhibits long-term color change when maintained under dark captive 

conditions. Whether Ensatina eschscholtzii possesses this plasticity remains untested (Rich et al. 

2021).   

Rich et al. (2021) documented an atypically elevated frequency of light-colored individuals in the 

Ensatina eschscholtzii population at Fort Ord UC Reserve (Monterey County, California), a 

heterogeneous habitat where light-colored dune sand represents a significant component of the 

landscape. They identified two light morphs, out of an otherwise dark brown population, from 

photographs by visual scoring: pink (11%), classified as leucistic, and orange (28%), classified as 

xanthistic. Both leucism and xanthism are pigmentation abnormalities; leucism produces pale or 

pinkish appearance (Gould 2025), whereas xanthism is defined by the predominance of yellow or 

orange hues (Allain and Goodman 2017; Pedroso-Santos et al. 2022). However, both leucism and 

xanthism are rare in natural amphibian populations and are occasionally reported as isolated 

individuals, often after decades of field surveys (Allain and Goodman 2017; Lunghi et al. 2017; 

Pedroso-Santos et al. 2022; Capula et al. 2023; Parayko et al. 2023). The origins of these 

phenotypes remain unclear and are generally attributed to genetic mutations or environmental 

influences (Camacho et al. 2022; Parayko et al. 2023).  Although Rich et al. (2021) suggested 

relaxed predation as a possible explanation for this pattern, they also proposed short term 

background matching plasticity as a potential confounding factor for brown-colored individuals, 

they argued that leucistic and xanthistic morphs were not expected to exhibit this plasticity due to 

their lack of melanin pigments. The normal coloration of Ensatina eschscholtzii in Monterey 

populations ranges from pinkish-brown to reddish-brown (Stebbins and McGinnis 2018). If this 

species is capable of substrate-driven luminance plasticity, light substrates could shift the appearance of 

normal pinkish-brown and reddish-brown phenotypes toward lighter pink and orange tones, 

potentially producing the morphs scored as leucistic or xanthistic in photographic surveys.  
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Figure 1. Representative pigmentation variation in the Monterey Ensatina population. Panels A–D show pale 

phenotypes, E–I orange phenotypes, and J–L darker phenotypes. All photographs sourced from https://www.inaturalist.org  

[Accessed 22 April 2026] under CC BY-NC licenses. (Photographed by William Mason [A, C, D]; Kuoni W [B, F]; 

Diego Balbuena [E]; Yinan Li [G, I]; Oonagh Degenhardt [H]; Theresa Wood [J]; Brandon Troth [K]; Rosescribe 

[L].) 

Figure 1 illustrates broad continuous variation in dorsal coloration among individuals, ranging from 

pale pink and orange to near black, with numerous intermediate forms. While some pale specimens 

resemble leucistic or xanthistic phenotypes, the absence of distinct color boundaries in the sampled 

images indicates continuous variation rather than discrete genetic morphs.  

The variation between pale pink, orange, and brown appears to differ primarily in brightness, 

aligning with patterns expected under substrate-driven plasticity (Preißler et al. 2021; Liedtke et 

al. 2023; Zhai et al. 2024). We therefore hypothesize that Ensatina eschscholtzii possesses 

substrate-driven brightness plasticity, and that the unusually high frequency of light-colored 

individuals at Fort Ord reflects environmentally induced luminance shifts rather than genetic 

pigmentation abnormalities. We further predict that this plastic response is strongest in juveniles 

and becomes progressively slower and more constrained with ontogeny. 

https://www.inaturalist.org/


Nasri—Substrate-driven plasticity in the Monterey Ensatina 

LITERATURE CITED 

 

Allain, S., and M. Goodman. 2017. A case of xanthochromism in the common frog (Rana temporaria). 

Herpetological Bulletin 139:39–40. 

Bagnara, J.T., J.D. Taylor, and M.E. Hadley. 1968. The dermal chromatophore unit. Journal of 

Cell Biology 38:67–79.  

Barnett, J.B., C. Michalis, H.M. Anderson, B.L. McEwen, J. Yeager, J.N. Pruitt, N.E. Scott-

Samuel, and I.C. Cuthill. 2020. Imperfect transparency and camouflage in glass frogs. 

Proceedings of the National Academy of Sciences of the United States of America 117:12885–

12890.  

Camacho, C., P. Sáez-Gómez, P. Hidalgo-Rodríguez, J. Rabadán-González, C. Molina, and J.J. 

Negro. 2022. Leucistic plumage as a result of progressive greying in a cryptic nocturnal bird. 

Scientific Reports 12:3411.  

Capula, M., G. Aloise, and A. Mazzei. 2023. First record of leucism in the Italian newt 

Lissotriton italicus. Herpetological Bulletin 166:45.  

Caro, T., and M. Koneru. 2021. Towards an ecology of protective coloration. Biological Reviews 

96:611–641.  

Choi, N., and Y. Jang. 2014. Background matching by means of dorsal color change in treefrog 

populations (Hyla japonica). Journal of Experimental Zoology Part A: Ecological Genetics and 

Physiology 321:108–118.  

Duarte, R.C., A.A.V. Flores, and M. Stevens. 2017. Camouflage through colour change: 

mechanisms, adaptive value and ecological significance. Philosophical Transactions of the Royal 

Society B 372:20160342.  

Fernandez, P.J., and J.P. Collins. 1988. Effect of environment and ontogeny on color pattern 

variation in Arizona Tiger Salamanders (Ambystoma tigrinum nebulosum Hallowell). Copeia 

1988:928–938.  

Garcia, T.S., and A. Sih. 2003. Color change and color-dependent behavior in response to 

predation risk in the salamander sister species Ambystoma barbouri and Ambystoma texanum. 

Oecologia 137:131–139. 

Gould, J. 2025. Colour confusion: reviewing ambiguities in the identification and classification of 

chromatophore deficiencies among amphibians. Ecology and Evolution 15:e72149.  



Nasri—Substrate-driven plasticity in the Monterey Ensatina 

Kang, C., Y. Kim, and Y. Jang. 2016. Colour and pattern change against visually heterogeneous 

backgrounds in the tree frog Hyla japonica. Scientific Reports 6:22601.  

Kraemer, A., D. Adams, and J. Day. 2012. Morphological color-change in the Red-backed 

Salamander (Plethodon cinereus) while kept in captivity. Copeia 2012:748–755.  

Kuchta, S. 2005. Experimental support for aposematic coloration in the salamander Ensatina 

eschscholtzii xanthoptica: implications for mimicry of Pacific Newts. Copeia 2005:265–271.  

Liedtke, H.C., K. Lopez-Hervas, I. Galván, N. Polo-Cavia, and I. Gomez-Mestre. 2023. 

Background matching through fast and reversible melanin-based pigmentation plasticity in 

tadpoles comes with morphological and antioxidant changes. Scientific Reports 13:12064.  

Lorrain-Soligon, L., F. Robin, V. Lelong, S. Palier, M. Jankovic, and F. Brischoux. 2025. Fading 

on the beach: pigmentation plasticity adjusts coloration to substrate type in coastal Western 

spadefoot toads. Current Zoology 71:593–602.  

Lunghi, E., A. Monti, A. Binda, I. Piazzi, M. Salvadori, R. Cogoni, L. Riefolo, C. Biancardi, S. 

Mezzadri, D. Avitabile, et al. 2017. Cases of albinism and leucism in amphibians in Italy: new 

reports. Natural History Sciences 4:73–80.  

Nilsson Sköld, H., S. Aspengren, and M. Wallin. 2013. Rapid color change in fish and 

amphibians – function, regulation, and emerging applications. Pigment Cell & Melanoma 

Research 26:29–38.  

Parayko, N., P. Sargent, E. Wind, E. Croken, R. Stevenson, K. Courtney, and J. Bremner. 2023. 

First record of multiple leucism in coastal tailed frog tadpoles (Ascaphus truei; Anura: 

Ascaphidae). Northwestern Naturalist 104:68–71.  

Pedroso-Santos, F., A. Freitas, R. Pinheiro, P. Sanches, I. Kaefer, and C. Costa-Campos. 2022. 

Xanthism in the leaf-frog Phyllomedusa vaillantii (Anura: Hylidae). Phyllomedusa: Journal of 

Herpetology 21:215–217.  

Polo-Cavia, N., and I. Gomez-Mestre. 2017. Pigmentation plasticity enhances crypsis in larval 

newts: associated metabolic cost and background choice behaviour. Scientific Reports 7:39739. 

Preißler, K., A. Rodríguez, and H. Pröhl. 2021. Evidence for coloration plasticity in the yellow-

bellied toad, Bombina variegata. Ecology and Evolution 11:17557–17567.  

Rich, C., S.B. Reilly, and B. Sinervo. 2021. Relaxed predation selection on rare morphs of 

Ensatina salamanders (Caudata: Plethodontidae) promotes a polymorphic population in a novel 

dune sand habitat. Biological Journal of the Linnean Society 132:643–654.  



Nasri—Substrate-driven plasticity in the Monterey Ensatina 

Rudh, A., and A. Qvarnström. 2013. Adaptive colouration in amphibians. Seminars in Cell & 

Developmental Biology 24:553–561.  

Segev, O. 2009. Effects of background color and predation risk on color change in fire 

salamander larvae. Israel Journal of Ecology and Evolution 55:359–367.  

Stebbins, R.C. 1949. Speciation in salamanders of the plethodontid genus Ensatina. University of 

California Publications in Zoology 48:377–526. 

Stebbins, R.C., and S.M. McGinnis. 2018. Peterson Field Guide to Western Reptiles and 

Amphibians. 4th Edition. Houghton Mifflin Harcourt, Boston, Massachusetts, USA. 

Wake, D.B. 1997. Incipient species formation in salamanders of the Ensatina complex. 

Proceedings of the National Academy of Sciences of the United States of America 94:7761–

7767. 

Zhai, R., L. Chang, J. Jiang, B. Wang, and W. Zhu. 2024. Cellular and molecular basis of 

environment-induced color change in a tree frog. Animals 14:3472.  

 

  


