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Abstract: The eyes of snakes are protected by transparent scales, commonly called “spectacles” 15 

or “brille”. As is widely known, snakes have no eyelids or other extremities to clean their eyes. 16 

Therefore, we test the hypothesis that their spectacle scales feature surface structures for self-17 

cleaning. Additionally, snakes’ spectacle scales might be optimized through evolution to 18 

enhance light capturing by the retina. To address these two subjects, we characterize the 19 

spectacle scales of 18 snake species belonging to 5 families regarding their wettability, 20 

adhesion, spectral transmittance, and micro-ornamentation utilizing optical spectroscopy, 21 

contact angle measurements, scanning electron microscopy, and atomic force microscopy. 22 

Remarkably, the optical transmittance of spectacle scales is moderate, with values of 70% to 23 

90% above 400 nm. In most cases, the transmittance of spectacle scales is not significantly 24 

better than transparent dorsal or ventral scales. Furthermore, the spectacle scales are only 25 

slightly hydrophobic, with contact angles between 90° and 105°. In general, the contact angles 26 

are even lower than on dorsal and ventral scales. These results can be explained by the fact that 27 

the surface geometries of spectacle’ scales are flat down to the nanoscale, comprising only 28 

polygonal cracks and nanoscale pits. Therefore, we conclude that snakes’ spectacle scales do 29 

not feature advantageous properties regarding wet self-cleaning and optical transmittance. 30 

Additionally, we explain the physical origin of a transmittance peak close to 254 nm observed 31 

for scales of various snake species by the fluorescence of keratin.  32 
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Introduction 34 

The eyes of snakes, fossorial lizards, and most geckos are covered by a transparent scale, the 35 

so-called spectacle scale (Lillywhite, 2014; van Doorn and Sivak, 2015; Collin et al., 2025). It 36 

is released as part of the snakes’ shed skin together with all other scales (see Figure 1) and 37 

mechanical protection of the cornea, minimization of evaporative water loss, and protection 38 

against solar radiation are its primary functions (Lillywhite, 2014; Walls, 1934). The spherical 39 

shaped spectacle scales are the hard integument of several layers of a- and b-keratin, 40 

respectively (van Doorn et al., 2014). As an example, Figure 1 shows photographs of head 41 

scales moulted from V. aspis and B. arietans. In both photographs, the spectacles appear 42 

significantly more transparent than the other head scales, indicating high spectral transmittance. 43 

Furthermore, they are slightly larger than the other scales and feature a round outer shape. 44 

Most studies on snake eyes published so far focused on their morphology or anatomy 45 

(Cazalot et al., 2015; Da Silva et al., 2016; Da Silva et al., 2017; Guerra-Fuentes et al., 2014; 46 

Lauridsen et al., 2014). Nonetheless, the functionality of spectacles of snakes and lizards was 47 

already discussed in 1934 by Walls (1934) but only a few studies followed. In 1999, Campbell 48 

et al. (1999) conducted an extensive study on the pit organ, spectacles, and other scales of the 49 

carpet python (Morelia spilota) utilizing atomic force microscopy (AFM) and scanning electron 50 

microscopy (SEM). They observed tiny dimples – commonly named micropits - of different 51 

diameters (some 100 nm) and depths (some 10 nm) on all scales. Interestingly, these micropits 52 

are largest on the pit organ scale, and the authors concluded that the size distribution of these 53 

structures on the pit organ might enhance light scatter in the visible regime. However, enhanced 54 

optical features of the spectacles were not reported.  55 

In the last decade, a few studies measured the spectral transmittance of spectacles in the 56 

visible and ultraviolet (UV) spectrum on several snake species (Hart et al., 2012; Simoes et al., 57 

2016; van Doorn, 2012; van Doorn and Sivak, 2015). A high-pass for visible light but a cut-off 58 

in the UV regime was observed for the spectacles of the two sea snakes Lapemis curtus and 59 

Acalyptophis peronii (Hart et al., 2012), 43 terrestrial snake species (van Doorn and Sivak, 60 

2015) as well as 11 primarily diurnal, and 8 not primarily diurnal snakes (Simoes et al., 2016). 61 

This UV filter function is believed to serve as protection against solar radiation, but a taxonomic 62 

variation of the cut-off wavelength was observed. Van Doorn et al. (2014) analysed the keratin 63 

composition of the spectacles of snakes and geckos. They concluded that there is no direct 64 
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correlation between keratin content and transparency. Nonetheless, they observed that the 65 

composition of spectacles is different compared to other scales. Furthermore, they reported an 66 

absence of beta-keratin in the spectacles of geckos, what might cause a wider transparency 67 

range compared to snakes (van Doorn and Sivak, 2015).  68 

Another interesting question is if and how snakes clean their spectacles. Although they 69 

locomote in direct contact with the ground with unavoidable dust or other contaminations all 70 

around, they do not have any extremities for wiping their eyes. Some lizards are known to clean 71 

their eyes with their tongues, but we could not find any evidence that snakes have this ability. 72 

Therefore, we investigated the wettability of the spectacles to learn about possible self-cleaning 73 

properties. A previous study by Autumn & Hansen (2006) on the Gekko gecko showed that the 74 

equilibrium water contact angle on living geckos and isolated spectacles are (98.3 ± 3.4)° and 75 

(93.3 ± 3.5)°, respectively. Such values are commonly considered too low to guarantee self-76 

cleaning properties via the so-called lotus effect (Barthlott et al., 2016). Consequently, it is of 77 

high interest to check whether the wetting properties of the snakes’ spectacles are sufficient for 78 

wet self-cleaning. 79 

As an illustrative demonstration, Figure 2 shows photos of water droplets on the 80 

spectacle scales of a living Python regius. The contact angle is roughly about 100° (see inset in 81 

Fig. 2C), but the water droplets do not roll-off as it would be expected for wet self-cleaning. 82 

Figure 2B) shows an event where two droplets stick to both spectacles. Most likely, such 83 

observations were occasionally made by many snake keepers moisturizing the skin of their 84 

snakes by spraying them with water for various reasons, but such anecdotical incidents did not 85 

make it into scientific literature so far.  86 

To address the two research questions discussed above, we characterized the wetting 87 

and optical properties of the spectacles of 18 snake species from five families (see Table 1). In 88 

general, all scales are only slightly hydrophobic, with contact angles of around 100°. Such 89 

values are not high enough to enable wet self-cleaning properties as found on other natural 90 

surfaces like lotus leaves with self-cleaning effects. Furthermore, we measured the optical 91 

transmission of the spectacles in the visible and ultraviolet regimes. They feature only moderate 92 

transmittance of about 70% to 90% in the visible regime and a cut-off in the UV regime. A 93 

peak in the lower UV spectrum around 254 nm (van Doorn, 2012) is shown to be caused by a 94 

fluorescence effect of keratin. To confirm that there are no dedicated structures on the exterior 95 

surface of the spectacles, we characterized them by scanning electron microscopy (SEM) and 96 

atomic force microscopy (AFM). In general, we observed a flat surface topology containing 97 
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only nanoscale topography features like polygonal cracks and micropits. This flatness is in 98 

accordance with the observed low contact angles and moderate transmission values. 99 

Methods 100 

Sample preparation  101 

Topological, wetting, adhesion, and optical properties of the moulted spectacles of eighteen 102 

snake species across five different families with various diurnal/nocturnal activities are 103 

presented in this study. The moulted skins (mostly N = 1, i.e., 2 spectacle scales per species) 104 

from captive snakes were collected by G. Gomard thanks to the contribution of different snake 105 

keepers listed in the Acknowledgements. The moulted scales belonged to snakes from different 106 

geographical locations and habitats. Their respective family, geographical origin, and habitat 107 

are summarized in Table 1. For contact angle measurements and SEM imaging, the scales were 108 

secured on a silicon and glass substrate with conductive adhesive tape (Plano GmbH, Wetzlar, 109 

Germany). For the AFM imaging, the scales were sequentially cut into small pieces and fixed 110 

on a glass substrate with two-component glue (UHU Plus Endfest 300). After preparation, the 111 

samples were carefully cleaned with pressurized air. Temperature (21°C – 23°C) and humidity 112 

(50% - 70%) were well controlled during storage and measurements of all samples.  113 

Characterization techniques 114 

The water contact angle (CA) measurement was conducted with an OCA 40 system, and the 115 

CA was calculated utilizing the corresponding SCA20 software (DataPhysics Instruments, 116 

Germany) with the Young-Laplace fitting method. The droplet volume was 1 µL, and the 117 

dispensing speed was 0.5 µL/s. The resulting contact angles were averaged from 12 118 

measurements, and the corresponding standard deviation was calculated from these.  119 

The total spectral transmittance was recorded with a LAMBDA 1050 UV-vis 120 

spectrophotometer with an integrating sphere attachment for diffused transmittance and 121 

reflectance measurement (PerkinElmer Inc., USA). The optical spectrum was measured from 122 

200 nm or 300 nm up to 800 nm with a spectral resolution of 1 nm, 2 nm, or 5 nm, respectively, 123 

and a beam spot diameter of 1 mm. The spectrophotometer was calibrated by defining the 124 

transmittance in air without placing any sample between the detector and the light source as 125 

100% transmittance. For comparison, we extracted the total spectral transmission at the upper 126 

limit of the visible at 750 nm as T@750nm. Afterwards, this value served as the reference value 127 

to determine the wavelength 𝜆!"% where the transmission reduced to 50% in the UV. All values 128 

are summarized in Table 1. 129 



5 
 

The fluorescence emission of the snake scales was measured using an irradiance 130 

calibrated CCD spectrometer (AvaSpec-ULS2048x64TEC-EVO, Avantes BV) under an 131 

excitation by 268 nm LED (UV-LED iSFL, Opsytech). The emission was collected by a bare 132 

optical fibre with a diameter of 1 mm (Orion). The different size of specimens and their fragility 133 

did not allow a quantitative comparison of an emission strength from different scales. 134 

The scale ornamentations were imaged by scanning electron microscopy (SUPRA 60 135 

VP, Zeiss, Germany) after sputtering a thin silver layer. The imaging was conducted with an 136 

acceleration voltage of 3 kV, and the detector was placed at a working distance between 5 mm 137 

and 7 mm.  138 

The topography of spectacles was further analysed by atomic force microscopy 139 

(Dimension Icon AFM, Veeco Inc., USA) with rectangular cantilevers (All-in-One-Al, 140 

BudgetSensors). Spring constant and deflection sensitivity of the cantilevers were determined 141 

with the thermal tune method integrated into the commercial AFM software. The adhesion 142 

forces between the tip and scales were measured with a ramp rate of 1 µm/s.  143 

Results 144 

Wetting properties of snake scales 145 
Numerous studies have been conducted to investigate the wet self-cleaning properties described 146 

for lotus leaves and many other natural surfaces (Barthlott et al., 2016). In most cases, 147 

hierarchical combinations of micro- and nanostructures reduce the effective surface energy for 148 

water droplets, resulting in high contact (> 150°) and low roll-off angles (< 10°). When water 149 

droplets fall onto lotus leaves, they form spherical drops and roll off the surfaces, collecting 150 

debris and other particles. Inspired by this famous self-cleaning effect, we studied the wetting 151 

properties of spectacles to address the question of if and how snakes clean their eyes. For 152 

completeness, we also examined the contact angles on dorsal and ventral scales of the respective 153 

snake species (Buck, 2020).  154 

As a representative example, Figure 3 shows photos of a 1 µL water droplet on the 155 

dorsal, ventral, and spectacle scales of S. m. barbouri revealing the angles of 143°, 111°, and 156 

103°, respectively. The contact angle on the dorsal scale is highest. Surprisingly, it is the 157 

smallest on the spectacles, where one might expect a high value for wet self-cleaning. The 158 

contact angle on the ventral scale lies in between. All determined contact angles are summarized 159 

in Table 1.  160 
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For several snakes, we observe the same trend for the contact angles of their scales. The 161 

dorsal ones feature the largest contact angles, while they are lowest on the spectacles, and 162 

intermediate values are found on the ventral scales. This ranking is most likely caused by the 163 

height of the respective micro-ornamentations. Regarding the dorsal scales, the most 164 

hydrophobic species are B. arietans, S. m. barbouri and V. aspis with an average contact angle 165 

of over 140°, while M. monspessulanus, V. u. rakosiensis, P. schultzei, N. atra, T. honsonensis 166 

and S. diadema exhibit contact angles between 120° and 130°. Intermediate values between 167 

130° and 140° are observed on the dorsal scales of M. spilota and P. guttatus. Most snakes 168 

exhibit a contact angle of nearly 110° on their ventral scales, except for M. monspessulanus 169 

(118°). On spectacles, however, the contact angles are typically close to 100°. The smallest 170 

value of 86° is observed on the aquatic snake N. tessellata.  171 

Interestingly, there are some snake scales in our compilation that show complete 172 

wetting, i.e., water droplets spread and wet the surface completely when dropped on some 173 

scales. The dorsal scales of T. subannulatus, for example, get completely wet, and the ventral 174 

scales are hydrophilic with a contact angle of 60°. 175 

It is somehow unexpected that snake spectacle scales do not feature a high contact angle 176 

for water, which would potentially allow wet self-cleaning. For a flat surface, a low water 177 

contact angle corresponds to high adhesion energy (or force) of the surface (Butt and Kappl, 178 

2010). Therefore, to further verify this finding, we additionally measured the forces acting on 179 

a probing tip while it is pulled away from the scales’ surfaces. This adhesion force correlates 180 

with the wetting behaviour and is mostly caused by van-der-Waals forces. We measured these 181 

on the dorsal, ventral, and spectacle scales of 9 snakes with an atomic force microscopy (AFM) 182 

with a sharp silicon tip (Wu, 2020). The results obtained on this subset of the 18 examined 183 

species are compared in Figure 4.  184 

For all investigated snakes, the largest adhesion force was observed on the spectacle 185 

scales. It is smallest on the dorsal scales, while adhesion on ventral scales is in-between. This 186 

outcome agrees with the typical surface geometries. The adhesion is largest on the practically 187 

flat spectacles and smallest on the dorsal scale which typically feature surface structure with 188 

increased height, while the ventral scales are in-between. Consequently, the overall distribution 189 

of adhesion values confirms the low water contact angles on spectacles reported above.  190 

As a low contact angle results in a high roll-off angle, we conclude that most snakes do 191 

not feature potential wet self-cleaning of their spectacles through the lotus effect. Nonetheless, 192 

with contact angles at least close to super-hydrophobicity, the dorsal scales of snakes are still 193 
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potential candidates for a wet self-cleaning effect. The spectacle scales, however, cannot 194 

provide this ability. 195 

Spectral transmittance of spectacles 196 
Since spectacles feature no properties for wet self-cleaning, it might be assumed that self-197 

cleaning is sacrificed to achieve enhanced spectral visibility. We, therefore, examined the 198 

optical transmittance of the spectacle scales. Figure 5 summarizes the resulting spectra for all 199 

eighteen species. In Figure 5A) and B), the transmittance is shown for the range of 200 nm to 200 

800 nm, while the spectra in C) were recorded in a reduced range of 300 nm to 800 nm. The 201 

overall features of the spectra agree with previous studies (Hart et al., 2012; Simoes et al., 2016; 202 

van Doorn, 2012; van Doorn and Sivak, 2015). 203 

In general, the transmittance of the spectacles has constant values around 70% to 90% 204 

for wavelength larger than 400 nm. This range widely coincides with the visible range of 205 

humans (380 nm to 750 nm), but the visibility range of snakes might be different, depending 206 

on the respective species (Simoes et al., 2016). However, the transmittance starts to decrease in 207 

the UV-A regime (315 nm to 400 nm) and reduces to 50% for wavelengths between 300 nm 208 

and 330 nm. An exception is N. atra; for this snake, the value of 𝜆!"% is 385 nm (see Table 1). 209 

Here, it is interesting to note that higher 𝜆!"%-values were also reported for Naja annulifera 210 

and Naja pallida by van Doorn and Sivak (2015). So, this higher cut-off might be typical of 211 

cobras or members of the family Elapidae. Additionally, we also observe that the cut-offs of 212 

Colubridae are mostly slightly higher than for Viperidae. Nonetheless, the entirety of all spectra 213 

confirms that all spectacles feature a wide transparency range, ensuring clear vision for most 214 

snakes partly even in the UV-A regime. However, as pointed out by other authors already, the 215 

transmittance in the UV-B regime (280 nm to 315 nm) decays steeply (Hart et al., 2012; Simoes 216 

et al., 2016; van Doorn, 2012; van Doorn and Sivak, 2015) and reduces close to zero for 217 

wavelengths in the UV-C regime (below 280 nm). This high absorption suggests that the 218 

spectacles work as a UV-B and -C filter, protecting the inner tissue of the eye from harmful 219 

radiation. 220 

Additionally, it is interesting to note that for various species, the transparency of the 221 

spectacles is not superior to ventral scales. Some snakes have ventral scales which appear 222 

transparent or translucent to the naked eye, too (Reza et al., 2025). Figure 6 compares the total 223 

transmittance spectra of dorsal, ventral, and spectacle scales of eight species. In six cases, the 224 

transmittance values and the overall shape of the spectra of ventral scales are very close to the 225 

respective spectacle scales. Dorsal scales, which typically contain melanin, are less transparent 226 
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in the visible range. Nonetheless, the agreement of the ventral and spectral spectra suggests that 227 

the keratin of the spectacles is not superior to ventral scales regarding optical properties. 228 

Finally, it is interesting to emphasize the UV transmission peak around 254 nm in 229 

various transmittance spectra. The effect is most prominent for the spectacles of P. schultzei 230 

and T. honsonensis (see Figure 5B). We observed this peak as well for dorsal and ventral scales 231 

of several snake species (Reza, 2025) and it has been reported by other authors (van Doorn, 232 

2012; van Doorn and Sivak, 2015). After validating that this peak is not an artifact of the utilized 233 

spectrometer(s), we considered several possible reasons for that observation; finally confirming 234 

that the peak is caused by the fluorescence of keratin excited by a UV-C probe light. The 235 

fluorescence spectra of scales were separately measured under a UV light excitation (268 nm 236 

LED) (see Figures 5D and 7). The most pronounced fluorescence, ranging from 300 up to 237 

800 nm, was detected from P. schultzei dorsal scales, that have also shown the most intense 238 

transmission peak, as noted above. The origin of this “transmission” peak caused by a 239 

fluorescence can be described as following. The detector of the spectrophotometer cannot 240 

distinguish between the probing light and a broadband fluorescence emitted by a sample and, 241 

therefore, a total light amount in the integrating sphere is treated as a whole. The light added 242 

by fluorescence is measured as an apparent increase in transmission signal (or equivalently, a 243 

decrease in absorption). If the transmission is measured at 250 nm, for example, the probing 244 

light source shines light of 250 nm on the spectacle scale but the detector in a common 245 

spectrometer additionally collects all excited wavelengths caused by the fluorescence (not only 246 

the 250 nm signal). In some cases, due to differences in a detector sensitivity to UV light and 247 

to the fluorescence emission, the transmission values given by a spectrophotometer could 248 

potentially exceed 100%, that would be a most clear indication of an artifact presence. It is 249 

important to note that this effect is different to bio-fluorescence observed in various reptiles 250 

and amphibians (Prötzel et al., 2018; Lamb and Davis, 2020; Paul and Mendyk, 2021; Prötzel 251 

et al., 2021; Alvarez et al., 2022; Botelho et al., 2024).  252 

Micro-ornamentations on the spectacles 253 
All studied spectacles looked perfectly smooth to the naked eye. Nonetheless, characterizing 254 

their surfaces by scanning electron microscopy and atomic force microscopy, we still observe 255 

some nanoscale features. As an example, Figure 8 displays SEM images of a spectacle of P. 256 

guttatus. Figures 8A) and B) compare the topography in the central region with the margin of 257 

the spectacle, respectively. Stitching micro-ornamentations of pentagons or hexagons with a 258 

diameter of 20-30 µm are found in both regions. Nonetheless, as reported by Collin et al. (2025) 259 
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the overall structure of the periphery and the centre region differ. For completeness, we also 260 

imaged a cross-section of the scale (Fig. 8C). In that cut, we only observed thin layers without 261 

any obvious structure.  262 

To obtain a detailed height analysis of the topology, we also recorded AFM images on 263 

several spectacles (see Figure 9). For P. guttatus, we observe now two different polygon borders 264 

forming channels (darker colours) and elevated stitching boundaries (lighter colours) in Figure 265 

9A). The narrow channels resemble very shallow dents with a depth of around 15 nm. However, 266 

the stitching boundaries are ridges with a height of around 20 nm. Interestingly, in the enlarged 267 

image Figure 9B) microfibril structures are observed at the stitching boundaries. These 268 

resemble the fibrillar structure found on the ventral scales of many snakes but their height is 269 

greatly lower (Wu et al., 2020). However, such structures are absent on the channel borders. In 270 

addition to narrow channels and stitching boundaries, numerous nanoscale depressions are 271 

observed. These tiny dimples are about 100 nm in diameter and 10 nm in depth, i.e., their 272 

overall size agrees roughly with the sizes reported for the carpet python (Campbell et al., 1999).  273 

A quite similar surface morphology is observed on the spectacles of V. u. rakosiensis 274 

and N. atra as shown in Fig. 9C) and D). Stitching boundaries and narrow channels are also 275 

observed on the spectacles of V. u. rakosiensis. However, the dimensions of the observed 276 

surface structures vary among species. Narrow channels and stitching boundaries with depth 277 

and height around 30 nm are found on the spectacles of V. u. rakosiensis. Nanoscale pits 278 

observed on the spectacles, have a diameter between 120 nm and 160 nm as well as a depth 279 

between 10 nm and 15 nm. As shown in Figure 9D), numerous micropits are also found on the 280 

spectacles of N. atra. However, these are deeper than on the previously presented scales. Here, 281 

the diameter and depth of the micropits are about 150 nm and 30 nm, respectively. 282 

The surface topography of the spectacles of T. honsonensis is presented in Figure 9E) 283 

and F). Narrow channels and stitching boundaries are not prominent on the scales of this 284 

species, but a high density of micropits can be observed (Fig. 9F). The density of these is higher 285 

compared to the ones found on the scales of P. guttatus, V. u. rakosiensis and N. atra. Their 286 

diameter and depth are around 300 nm and 30 nm, respectively. These values are larger and 287 

deeper as observed on the previously discussed spectacles. A similar surface topology is also 288 

detected on the scales of P. schultzei (Fig. 9G). For this species, the microopits are arranged in 289 

a regular pattern. The diameter and depth of these are in the range of 300 nm and 50 nm, 290 

respectively (Fig. 9H). 291 
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Discussion and Conclusions 292 

As outlined in the introduction, we speculated that spectacles might have self-cleaning 293 

properties, since snakes do not have eyelids or extremities to wipe their eyes. However, only 294 

polygonal-shaped structures surrounded by tiny borders that are some 10 nm high or deep are 295 

observed, in addition to micropits with diameters of some 100 nm and depths of some 10 nm. 296 

Therefore, the spectacles are extremely flat and feature only slightly hydrophobic contact angles 297 

around 100°. The adhesion forces measured with a sharp cantilever tip on the spectacles are 298 

higher than the values found on ventral and dorsal scales and confirm the observed contact 299 

angles. Due to these comparable low contact angles and high adhesion force values, we 300 

conclude that the examined snakes do not self-clean their eyes with the classical lotus effect. 301 

Consequently, they must clean their spectacles in other (unknown) ways or live on with possible 302 

contaminations. Over a longer period, snakes renew their dirty or worn spectacles along with 303 

ventral and dorsal scales by the periodical moulting process. Such a renewal process seems to 304 

be a sufficient cleaning strategy for snakes (the studied ones at least).  305 

Another potential function of spectacles besides mechanical protection might be 306 

advanced optical transmittance. However, in agreement with previous studies, we observed no 307 

exceptional optical properties. The observed transmittance between 70% and 90% in the visible 308 

range appears to be sufficient for snakes, which’s sensory system also relies on smelling, and 309 

potentially on infrared sensing. However, all examined spectacle scales block harmful UV rays 310 

in the UV-B and -C regime, as the transmittance reduces for wavelengths below 400 nm, finally 311 

diminishing close to zero for wavelengths below 300 nm. Nonetheless, a tiny-to-small 312 

transmission peak at 254 nm is observed in several spectra, reaching the highest values for the 313 

spectacles of T. honsonensis and P. schultzei. Our analysis revealed that this peak is not a true 314 

optical transmission; it is caused by the fluorescence of keratin around 254 nm. 315 
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Table 1: Summary of the investigated eighteen snake species belonging to five different families. The table gives binomial and common names, 413 

geographical origin, observed contact angles and optical transmission values from shed skin. Some dorsal scales were too small (diameter of single 414 

scale < 1 mm) to conduct reliable contact angle measurements, and these missing values are shown as n/a. 415 

 416 

Binomial name(s) Common 
Name Origin Family Comment 

Contact angle of single scale 
Spectroscopic 

parameters  
of spectacle scale 

Dorsal Ventral Spectacle 𝛌𝟓𝟎% T@750 nm 

Sisturus milarius 
barbouri 

Dusky Pygmy 
Rattle Snake 

North America 
Viperidae Terrestrial 143 ± 5° 111 ± 3° 103 ± 3° 306 nm 87.6% 

Pantherophis guttatus Eastern Corn 
Snake Colubridae Terrestrial 133 ± 2° 108 ± 1° 98 ± 6° 305 nm 87.4% 

Zamenis situla European Rat 
Snake 

Europe 

Colubridae Terrestrial n/a 108 ± 4° 97 ± 2° 322 nm 86.6% 

Natrix helvetica Barred Grass 
Snake Colubridae Semi-

aquatic n/a 72 ± 16° 91 ± 1° 328 nm 88.8% 

Natrix tessellata Dice Snake Colubridae Semi-
aquatic n/a 108 ± 5° 87 ± 4° 322 nm 75.6% 

Malpolon 
monspessulanus 

Montpellier 
Snake Psammophiidae Terrestrial 130 ± 7° 118 ± 5° 101 ± 3° 330 nm 88.5% 

Vipera ursinii 
rakosiensis 

Hungarian 
Meadow 

Viper 
Viperidae Terrestrial 123 ± 2° 106 ± 4° 109 ± 1° 311 nm 81.8% 
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Vipera aspis Aspic Viper Viperidae Terrestrial 141 ± 4° 111 ± 1° 103 ± 1° 312 nm 90.1% 

Vipera seoanei Seoane's viper Viperidae Terrestrial n/a 107 ± 3° 110 ± 2° 310 nm 78.7% 

Vipera lotievi Lotiev’s Viper Eastern 
Europe Viperidae Terrestrial n/a 112 ± 1° 109 ± 3° 317 nm 80.7% 

Vipera renardi Steppe Viper Western and 
Central Asia Viperidae Terrestrial n/a 108 ± 1° 101 ± 3° 307 nm 82.5% 

Parias schultzei 
(Trimeresurus 

schultzei) 

Schultze's 
Pitviper 

Asia 

Viperidae Arboreal 134 ± 2° 107 ± 3° 106 ± 3° 301 nm 86.3% 

Trimeresurus 
honsonensis 

Hon Son pit 
viper Viperidae Arboreal 125 ± 3° 103 ± 2° 100 ± 2° 303 nm 77.3% 

Tropidolaemus 
subannulatus 

North 
Philippine 

Temple 
Pitviper 

Viperidae Arboreal wetting 60 ± 7° 107 ± 2° 307 nm 82.7% 

Naja atra Chinese Cobra Elapidae Terrestrial 122 ± 4° 111 ± 1° 102 ± 2° 385 nm 88.4% 

Morelia spilota Carpet Python Oceania Pythonidae Mostly 
arboreal 134 ± 6° 108 ± 2° 92 ± 2° 306 nm 83.7% 

Bitis arietans Puff Adder 

Africa and 
south-west of 

Arabian 
Peninsula 

Viperidae Terrestrial 145 ± 3° 59 ± 3° 104 ± 2° 324 nm 89.5% 

Spalerosophis diadema Diadem Snake Africa Colubridae Terrestrial 126 ± 5° 109 ± 2° 96 ± 6° 330 nm 89.9% 

417 
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 418 

Figure 1: Photographs of the moulted head scales of (A) Vipera aspis and (B) Bitis arietans. 419 

The spectacles (marked by white arrows) protecting the eyeballs are much more transparent 420 

than the other head scales. The spectacles of B. arietans (about 5 mm in diameter) are slightly 421 

larger than the ones of V. aspis (about 4 mm in diameter). 422 

 423 

Figure 2: Photographs (background removed in (B) and (C)) of water droplets sticking to the 424 

spectacle scales of a living Python regius about three weeks after her last shedding. (A) Portrait 425 

view of the snake’s head. The white arrow marks a small droplet of water sticking to the left 426 

spectacle of the snake. (B) Top view of the same snake, showing two water droplets sticking to 427 
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both spectacles, respectively. (C) A side view of the water droplet sticking to the right spectacle 428 

shows that the contact angle is larger than 90°, roughly about 100° (see inset). 429 

 430 

Figure 3: Water contact angle measurements conducted on (A) dorsal, (B) ventral, and (C) 431 

spectacle scales of S. m. barbouri with a 1 µL droplet of water. Interestingly, the contact angle 432 

on the spectacle is lowest. 433 

 434 

 435 
Figure 4: Comparison of the adhesion forces recorded on the dorsal, ventral, and spectacle 436 

scales of a sub-collection of the examined species. The adhesion forces were measured 10 times 437 

by atomic force microscopy with a sharp silicon tip at 10 arbitrarily chosen positions. The 438 

overall average adhesion force of all 100 measurements was calculated, and the error bars 439 

correspond to the standard deviation. In general, the adhesion force is highest on the spectacle 440 

scales, lowest on dorsal scales, and intermediate on ventral ones. 441 

 442 
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 443 

Figure 5: (A) Optical transmittance of the spectacle of 8 snake species for wavelengths between 444 

200 and 800 nm. The transmittance is between 70% and 90% in the visible regime between 380 445 

nm and 750 nm, and is significant in the UV-A region but decays strongly in the UV-B before 446 

it reduces to nearly zero for wavelengths below 300 nm in the UV-C regime. (B) The spectra 447 

of P. schultzei and T. honsonensis are plotted in an additional graph to emphasize the peak 448 

around 254 nm (see black arrow). The visible regime of humans is indicated for comparison 449 

only. (C) The spectral transmittance for the rest of the spectacles was measured in the range 450 

from 300 nm to 800 nm. The curves show the same overall shape as in (A) and (B). (D) The 451 

spectrum of the UV LED utilized for the excitation of a dorsal scale of P. schultzei is plotted as 452 

a solid line. The resulting fluorescence spectrum caused by this excitation is shown as symbols.  453 

 454 
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 455 

Figure 6: Comparison of the total spectral transmittance of dorsal, ventral, and spectacle scales 456 

for 8 different species. (A) Vipera aspis, (B) Sistrurus miliarius barbouri, (C) Morelia silota, 457 

(D) Bitis arietans, (E) Naja atras, (F) Malpolon monpessulanus, (G) Spalerosophis diadema, 458 

(H) Pantherophis guttatus. As the dorsal scales typically contain pigments like melanin, their 459 

transmission values are typically lower as for the ventral and spectacles scales. However, in the 460 

cases (A) to (F), the total transmittance of the pigment-free ventral scales is comparable to that 461 

of the spectacles. 462 

 463 

 464 

Figure 7: Comparison of two photos of dorsal scales of Parias schultzei taken under (A) 465 

ambient and (B) UV (268 nm) light on top of a black substrate. The photos were taken with a 466 
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smartphone camera. For the UV excitation photo, the following manual settings were applied: 467 

ISO 3200, F1.8, 1/30s, WB 4300K.  468 

 469 

 470 

Figure 8: SEM images of the spectacle of P. guttatus recorded (A) in the centre and (B) near 471 

the edge reveal pentagonal or hexagonal patterns formed by elevated borders on the exterior 472 

surface. The white arrow in (B) indicates the direction towards the centre of the spectacle. (C) 473 

The cross-section of the spectacle shows thin dense layers but no dedicated structure. 474 
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 475 

Figure 9: Examples of nanoscale structures observed by AFM on spectacles of various snake 476 

species. A) An AFM image recorded in the centre of a spectacle scale of P. guttatus reveals 477 

narrow channels as depressions (marked as c) and additional border type in addition to the 478 

elevated borders (marked as b) which were already visible in the SEM images shown in Fig. 479 

8A) and B). (B) An enlargement of (A) reveals further details. All flat areas of the scale of P. 480 
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guttatus are covered with nanoscale pits (marked as p). The AFM images of the spectacles of 481 

(C) V. u. rakoseinsis and (D) N. atra reveal flat surfaces with numerous micropits. White arrows 482 

exemplarily indicate two nanoscale pits (marked as p) in both images. (E) The topography 483 

measured by AFM reveals micropits on the spectacles of T. honsonensis. In difference to the 484 

spectacles of P. guttatus, narrow channels or stitching boundaries are not prominent. However, 485 

several cracks and scratches can be spotted on the surface. (F) A higher resolution image reveals 486 

a high density of micropits on the surface. (G) An overview AFM image of the scale of P. 487 

schultzei. (H) An image, taken with higher resolution, reveals the diameter and depths of 488 

micropits, which are roughly 300 nm and 30 nm, respectively. 489 

 490 


