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ABSTRACT

The surface layer of snake scgieeducegpatterns and textures called
microstructures visible only at high magnifications. They are highly variable and
responsi ble for snakeskindés hydrophobic
properties. Past research has used snake shed or wet presers¢a skidy these
microstructures as opposed to tanned skins. Additionally, little research has been
done on the microstructures formed by keratinocytes found between the snake
scales and in the hinge region. We used SEM to image the anterior, middle, and
posterior dorsal snakeskin microstructures of eight different snake species. We
compared the scale microstructures to currently published microstructure research
SEM photos and between body regions. We comparedsoade keratinocytes
between species amady regions. We found similar scale microstructures on our
tanned skins to other published research. There was some variation between scale
microstructure and body region. Intgcale keratinocytes were very round for all
species but varied in size acreg®cies. There was no variation in size or
circularity between body regions. Tanrgdn isuseful for SEM research. There
is more regional variation of scale microstructures than previously described.
Keratinocyte characterization and how its diversity relates to microstructure
would be an interest area for further research.



INTRODUCTION
Overview on Snake Integument

Snakes are found in the majority of
cold temperatures (Mattison 2008). They can climb, swim, and dig in addition to
slithering on the ground (Mattison 2008). Snagastraverse a diverse array of
environments, despite not having | egs.

movement.

Skin has a complex job. Skin provides a barrier between the organism and
its environment. This barrier is especially important for amniotes (mammals,
reptiles, birds), as it allows them to live on land and reproduce away from water.
Reinforced barriers amgeeded to protect against desiccation (water loss) as they
are no longer constantly surrounded by water (Alibardi 2003). Living on land also
creates points of high contact pressure where the animal meets the ground, which
also calls for reinforcementiowever,with increased toughness comes less
flexibility. Reasonably, for the animal to move, the skin needs to move as well.
For organisms to live on land full time, they need to solve the problem of

balancing protection and movement.

The reptil ebs an skeatinized scalds.hThesskinciso nundr
folded in on itself to create scales (or scutes) (Maderson 1964). The scales are
then reinforced to provide protection and the skin in between the scales is left soft

to allow the scal es t o iniahvoaghandlableso mak e s



move and flex (Maderson 1964). The shape, size, and color of scales are
extremely variable and specific to reptile species. The arrangement of scales is
often used for accurate species identification (Rutland et al. 2019). The scales also
often correlatewt h t he ani mal 6s ecol ogy and habi
often become highly specialized for use besides protection. Scales can be colored
to provide camouflage, and some species can change their colors on the fly to
communicate (Rutland et al. 29). In rattlesnakes, the scales of the tail have been
adapted to vibrate against each other when shaken, creating a clear warning sound
to potential predators (Rutland et al. 2019). Geckos have specialized scales lining
their toes that allow them to climdmmpletely smooth surfaces (Rutland et al.

2019). What was simply a way to protect the animal from the harsh environment

on land has transformed into a variety of useful adaptations.

Scales existed in fish before the appearance of reptiles. However, the
structure of reptile scales is quite a bit different from fish schlekke fish
scales, lie scales of a reptile are reinforced with stiff Heteatin (Rutland et al.
2019). The skindés mechanical plasticity
scales be made of mainly alpkeratin, which is flexible and present in all
vertebrates (Ruttad et al. 2019). The differentiated layers of the epidermis allow
for these different flexibilities (Maderson 1964). The outermost layer of the skin
is the oberhautchen layer, which is a thin layer of skin made cgllefcalled
oberhautchen cells (Rutldret al. 2019). Below this is the beta layer, in which a

thick layer of betgeratin is found. The third layer down is the mesos layer,



which contains mostly lipids (Rutland et al. 2019). The layer below that is the
alpha layer, which contains mostly alpkeratin (Rutland et al. 2019). The
bottom most layer is the stratum germinativum, which contains keratinocytes
(Figure 1) (Rutland et al. 2019). When it comes to snakes, their scales overlap
each other and are only attached to the skin on their cranial badttachment
point is called the hingeegion ands where the reinforced scale transitions into

the more flexible intescale skifMaderson 1964).

——— Oberhautchen layer
Beta layer
— Mesos layer

— Alpha layer

—— Stratum germinativum
YN «— Dermis

Figure 1. Diagram illustrating the layers shakeskirin transverse section.
Modified from Sacha et al. 2020 and Schmidt and Gorb 2012



Snakeskin Microstructure

The surface of reptile skin is full of microscopic textures produced largely
by the oberhautchen cells. The microstructure is also affected by the layers
underneath the oberhautchen layer (Harvey 1993). These textures have been
described many times, oftainder different names including microornamentation
(Picado 1931), microdermatoglyphics (Price 1982), nanostructure (Arrigo et al.
2019), and ultrastructure (Chiasson and Lowe 1989). For this study, we will be
referring to these textures as microstructuiighey were first described by Leydig
(1868), who also observed that they might be useful for taxonomic purposes
(1873). Leydig and others who studied microstructures at the time would only
have access to light microscopy, which only allows very largeres of the

microstructure to be seen, such as the outlines of the oberhautchen cells.

Seeing the true complexity of these microstructures requires electron
microscopy. Electrons have a much smaller wavelength than light on the visible
spectrum, so they are used to attain images at much higher resolutions. Using
Transmission Electron Microspes (TEM), many studies verified the taxonomic
value of microstructures (Hoge and Santos 1953). Scanning Electron Microscopes
(SEM) are especially useful for this type of research, as they produce an image of
the surface features present on a sampleictdiat have used this type of
imaging have found that types of microstructures correlate strongly with

phylogeny (Arrigo et al. 2019).



Although microstructures are mostly influenced by phylogeny, phylogeny
alone does not explain the full variation we see in these microstructures.
Microstructures have been found to have functional characteristics, and therefore
could be influenced by theysa k e 6 s (S¢thmibt and &drb 2012)or
example, microstructures create the structural colors seen on snakes like the
Gaboon viperBitis rhinocero$. Their microstructure enhances the dark regions
of their skin, making them appear velvety black, #msl coloration allows them
to better camouflage in their environment (Spinner 2013). Some fossorial snakes
such as the sunbeam snaKerfopeltis unicolgrhave an iridescent sheen to their
scales, caused by evenly spaced ridges in their microstructures (Dhillon 2014).
This is likely a byproduct of being a fossorial species, as these microstructures
also prevent the skin from being contaminated by dirtveaier (Gans and Baic
1977). On the ventral scales, the microstructures have been shown to cause
frictional anisotropy, resulting in low friction when moving forward and higher
friction during backwards movement. This prevents backwards movement when
the :ake is moving, which helps the snake move in the absence of legs (Hazel et
al. 1999). Thesenicrostructuresielp the snakes live in their environments, so

variation here is influenced by ecology as well and not only phylogeny.

There are other influences on microstructure as well. When snakes are first
born, they have microstructures that are different from the adults of the same
species. Their microstructure only rese

(Price 1989). The rorostructures visible before and after shedding are also



slightly differentat all ages due tiypical wear and tedCole and Van Devender
1976). Microstructures are also variable depending on their location on the scale
(Gower 2003). Some scales are smooth, while other scales have a ridge going
down the middle called a keel. The microstructures found on the ridgecetex
scale are different from the rest of the scale (Chiassion 1981). Some scales also
have apical stigmata, which are small divots in the scale surface, and the
microstructures found inside tlievot are different from the ones found on the

rest of the scale (Chiassion and Lowe 1989). The ventral and dorsal scales can
also differ in microstructures, as the ventral scalesrameoften in contact with

the substrate than the dorsal scales (Arnold 260&)ever,in some fossorial
snakes, the microstructures found on the circumference of the midbody had no

differences, as these snakes are fully surrounded by their substrate (Gower 2003).

Motivation and Goals of this Study

The nature of Dr. Brennands research
of snakes. Although only the posterior region is needed for the genital
morphology study, our lab usually acquires whole snakes, and we have begun
removing whole skins of severalespes to create snakeskircollection. The
diversity we have seen snakeskirpatterns and scales prompted my interest to
pursue this thesis work. Here we will examine three questions: 1) Are the

microstructures found in tanned skin comparable to thmsedfin shed skin and



wet preserved skin? 2) Are the microstructures found in the anterior, middle and
posterior parts of the dorsal skin of the snake comparable, or are there regional
differences? and 3) Are the keratinocytes of the alpha layer similar or different

across spees and body regions?

To preserve these snake skins, we have been using a tanning solution and
having the skins dry completely, as opposed to preserving them in formalin or
alcohol. For microstructure studies, this type of sample preparation is not typical
as the few currentlpublished studies that use whole skin use fluid preserved
samples. The vast majority of SEM snake microstructure imaging uses the shed
skin as opposed to whole skin. Lepidosaurs regularly shed their outer epidermis,
in which they reveal a fully formed nespidermis underneath, and this old skin
contains all the layers of skin mentiona@viously (Oberautchen layer talpha
layer). It is reasonable to expect that the shed skin and the full skin would show
similar microstructures. The surface of the shed contains the oberhautchen layer
and all the microstructures it produces with it. However, shed skin is worn skin.
The microstructtes on the oberhautchen layer can be damaged and contaminated,
and the shed skin is the oldest and most damaged by natureat@dokan
Devender 1976). The underside of the shed is made up of a layer called the clear
layer andcontains a mold of the surface of the new oberhautchen layer (Irish et al
1988). The clear layer would then contain a mold of the new and undamaged
microstructures, but they also contain the outlines of the cells that make up the

clear layer. These outlines of the clear layer cells and the outlines of the



oberhautchen cells can be hard to differentiate (Irish @08B). Snake sheds are
fragile and can be broken or eaten by detritivores if not stored correctly. Snake
sheds are also not always available, as in our case, where our received specimens

were already deceased.

In the existing studies where the actual skin was used, the samples were
preserved in fluid, using ethanol or formalin first, which is typical for organic
samples. However, since SEM imaging is done under a high vacuum, wet samples
would be damaged in thahvironment. Although there are processes available to
dehydrate organic samples, the technique is-iamsuming and can involve
hazardous chemicals. The advantage of using the tanning process is that the final
product is a completely dry specimen thah de used directly in the SEM. Shed
skin is also completely dry, but for the reasons previously stated, we could not use
them in our study. One goal of this study is to determine if the microstructures on
tanned snakeskin samples are comparable to wetmed samples and shed skin

samples.

When looking at the regional differences in microstructure, most previous
studies have compared dorsal versus ventral scales. Differences in the
microstructure of ventral and dorsal scales were noticed very early on using light
microscopy (Pockrandt 193%yhich were also verified by SEM imaging
(Schmidt and Gorb 2012). Picado (1931) also concluded with light microscopy
that microstructure is consistent in different body regions of the snake. However,

Gans and Baic (1977) found that microstructures ondilsedf uropeltid snakes



had spines and ridges, while the rest of the body was smooth. The body scales
would prevent the adhesion of soil particles while the tail would encourage it,
creating a dirt plug at the end of the tail that the snake then uses to close up the
end of its burow. This is the only study available that compares the
microstructures of different body regions. There are other examples of snakes
having different types of scales on different body regibkes the keeledail

scales of malé&iodytes allen{Jackrel2012) TheSEM photos of snake
microstructures by Allam and AbBleneen (2012) show differences between the
head, trunk, and tail scales. We want to determine if there are differences in snake
microstructures between the anterior, middle, and posterior regionstoirike

dorsal scales.

While learning how to use the SEM, we came across microstructures that
we were not expecting. On the hinge region ofstiekeskinye observed round
structures that were highly visible at x1000 magnification, compared to the x3000
and x9000 needed to see most of thescale microstructures. It is likely that
these microstructures are formed by keratinocytes, specifically the fully
keratinized cells of the alpha layer. Keratinocytes are cells that produce keratin.
Undifferentiated keratinocytese inthestratum germinativumAs they multiply
they get pushed to the surface of the skin. As the cells get pushed out they
differentiate into the upper layers of the epidermis, eventually becoming fully
keratinized and dying. In the order Squamata, the cells in the beta layer are

syncytial, meaning they are no longer separate cells and have coalesced into a



compact layer (Horstmann 1964). In the alpha layer, the keratinocytes are still
distinct from each other. On the surface of the scales, the beta layer is thick. In
the hinge region, the beta layer is much thinner, and the shapes of the separate
alpha laye keratinocytes can be seen (Alexander 1970). SEM images of
keratinocytes also lodlike the structures we found (Mobasseri et al. 2019). We
want to characterize these keratinocyte structures to determine if they differ
between species and between antenuddle, and posterior body regions on the

trunk, since they do not seem to have been studied before.

In this study, | used tanned snake skins to observe, quantify, and compare
the dorsal microstructures of 8 snake spe€es.of our available snakeskinsew
choseeight snakeskins that covered a lasgectrum ofpecies, taxa, and ecology
to see as much diversity as possible. We took samples from the anterior, middle,
and posterior regions of the dorsal trunk of the snake. Using SEM, we
photographed the dorsal microstructures on the scales and between thé\&zales.
compared the scale microstructuresnmfown the tanned samples to the
microstructures reported in other studies. We qualitatively compared the scale
microstructures between the body regions sampled on the snake. We also
guantified the images of the intscale keratinocytes and compared thetween

species and body regions.
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MATERIALS AND METHODS
Study Species

The dorsal scales of eigbnakeskingrom different speciewere
examined Species were chosen to represent a large ecological diversity from
specimens in our collectio@ur selected snakeskins contained two arboreal, two
terrestrial, two aquatic, and two fossosakciesWe alschave large
phylogenetic diversity in our selection witbur Colubrids, two Pythongne
Psammophiid, and one Xenopeltf@nly one member of each species was

studied.

Xenopeltis unicolor @
Morelia viridis @

———— Python regius

Rhamphiophis oxyrhynchus @
Pituophis melanoleucus
Ahaetulla nasuta @

—— Liodytes alleni @

— Nerodia sipedon @

Figure 2. Phylogeny of examined species. The ecology of snakes is marked as
such: Arboreal (green dot), Terrestrial (orange dot), Aquatic (blue dot), and
Fossorial (brown dot). Assembled using PhyloT using the database created by
Schoch et al. 2020.
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Ahaetulla nasutaor the longnosed whip snake, is a colubrid native to the
rainforests of Sri Lanka (Wall 1921). It is bright green aleshder andhas a
distinctive long and pointed face (Wall 1921). The snake can enlarge its body
when threatened, causing its scalesdparateand revealing a striped black and

white pattern underneath (Wall 1921). Its dorsal scales are smooth.

Morelia viridis, or the green tree python, is a python native to the
rainforests of Indonesia, Papua New Guinea, and Australia (Hillman 2010). The
adults are bright green, but juveniles are corn yellow or brownish red, and
eventually grow into its green color (Hillman 2Q01™any adult green tree
pythons have an unbroken line or a line of spots of white/yellow scales on their
back going down the length of the snake (Hillman 2010). Its dorsal scales are

smooth.

Pituophis melanoleucusr the eastern pine snake, is a colubrid native to
the eastern United States, and lives in a variety of environments (Rasmussen
2012). It can be found in pine and oak forests, high and dry rocky ridges, sand
hills and fields (Rasmussen 2012). It is @yasnake with dark brown and black
splotches on its back, and a cream white underbelly (Rasmussen 2012). Its dorsal

scales are keeled.

Python regiuspr the ball python, is a python native to savannah
grasslands and open forests of West and Central Africa (Graf 2011). The typical

ball python has white ventral scales and light to dark brown splotches on its back

12



(Graf 2011). It is popular in the pet trade due to its slow movement and easy

handleability (Graf 2011). Its dorsal scales are smooth.

Nerodia sipedopor the northern water snake, is a colubrid native to the
northeastern United States (Gillilland 2013). It lives in many different freshwater
environments like lakes, rivers, and wetlands (Gillilland 2013). It can move on
land but it does not often veneufar from its aquatic environment (Gillilland
2013). It is a dark gray snake with orangish brown alternating splotches or bands
(Gilliland 2013). Its dorsal scales are keeled and have two large apical stigmatas,

one on each side ttieked (Chiassion and Lowe 1989).

Liodytes allenior the striped crayfish snake, is a colubrid native to Florida
in the United States (Jackrel 201R)is found in freshwater environments that are
often full of floating vegetation like water hyacinth (Jackrel 2012). Aige-
densityv eget ati on attracts crayfish, the
predators (Jackrel 2012). It is a dark olb®wn snake with three yellow brown
stripes that extend lengthwise down its back (Jackrel 2012). Its dorsal scales are
smooth except fasomekeeled scales on the tail in males (Jackrel 2012). Our

studied specimen is female, so we did not see the keeled scales.

Rhamphiophis oxyrhynchusr the Rufous Beaked Snake, belongs to the
family Psammophiidae and is native to east Africa (Branch 1998). It lives in

bushlandenvironmentsand it shelters in the burrows of small mammals and

13



termites (Branch 1998). It israddishbrownsnake with a creamy underbelly

(Branch 1998). Its dorsal scales are smooth.

Xenopeltis unicolqgror the sunbeam snake, belongs to the family
Xenopeltidae and is native to southeast Asia (Das 2015). It typically lives-in old
growth forests, and it spends much of its time hidden underground in rodent
burrows and leaf litter (Das 2015). It is known itsrdorsal iridescent scales and
is overall a brown color with a white underbelly (Das 2015). Previous studies
have shown that the microstructures present on its dorsal scales are at least
partially responsible for their iridescence (Dhillon 2014). ltsdbscales are

smooth.

Specimens

Deceased snakes were collected from snake breeders, zoos, and other
scientists. Some snakes were purchased asifNgF Career award to P. Brennan
I0OS- 2042260.The snout to vent leng{l®VL) of the snakes were measufed
whole, intact specimenSome snakes had their head removed before we received
them butwere intact otherwisdf the snake was headless, measured from the

vent to thadistal anterior end of the snaka the SVL.
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Tanning

Skins were cut down the midsagittal plane on the ventral side of the snake,
where itwaspeeled and removed from the rest of the body. The remaining flesh
attached to the skin was removed using tweezers, dull scalpels, and scissors until
only the clean skin remasal The skin was then laid flat, scale side down, on a
| ong wooden board. Using a foam brush,
Trapper 6s Hi de& wasapplied and spfead evenlyl Small wooden
blocks and metal weights were placed on thgeesdf the skin to prevent the skin
from curling while drying. After 24 hours of drying, another thin coat of tanning
formula was applied. Further coats were added after difyihg skin wasstill
brittle, waiting 24 hours between new codseserved skins were then labeled
and stored between paper and cardboard layers to keep them dry and flat. Small
clippings of the tanned skins were taken and stored between labeled paper and
cardboard to be prepared for SEM. Regional samples were edlligom the

arterior, middle and posterior trunk regions of each snake as shown in Figure 3.
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(o7 - 1 - | SRS SRRS RS RR caudal

Figure 3. Locations of (A) anterior, (B) middle, and (C) posterior dorsal trunk
region samples. Anterior samples were taken immediately posterior to the back of
the head. Posterior samples were taken immediately anterior to the cloaca. Middle
samples were taken tite halfway point between the anterior and posterior

samples

Scanning Electron Microscopy

Skin clippings were put in the vacuum oven at room temperature for 24
hours. Clippings were then trimmed to the area of interest then attached to SEM
stubs using carbon tape and sputter coated with gold. All SEM imaging was
performed on the FEI Quanta #DQusing the secondary electron detector. Photos
detailing the overall scale morphology and orientation were taken at x35
magnification. Photos of the microstructures on the dorsal scales were taken at
x1000, x3000, and x9000 magnification at the caudalftipe scaleKigure4,
locationB). Images of the intescale keratinocytes were taken at x1000

magnification if visible (Figure 4ocationA).
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Figure 4. Schematic figure of the examined positions on the dorsal snakeskin,
marked by red circle¢A) Image location othe interscale keratinocytes
(B) Image location ofhe scale microstructures.

Measurements

All measurements and image edits for the microstructures and
keratinocytes were made in Fiji (Schindelin 2012). The scale is set by using the

set scale function and the scale bar present in the SEM images.

Scale microstructures were compared using images at x1000, x3000, and
x9000 magnification. If the image had significant arching artifésgen as
random whi t e ,phe despkcklingaaol wasused tov Gemove them.
The image was then contrasted usGantrast Limited Adaptive Histogram

Equalization(CLAHE) using the CLAHEunction in Fiji.
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Inter-scale microstructures were measured at x1000 magnification. A

diagonal line was drawn between the top left corner and the bottom right corner of

the image. Any fully visible structures that touched the line were outlined using

the polygon selectiorool. Outlined structures had their area and circularity

(4  *areal perimeter ™2, ranges

measured (Figure 5). The number of fully visible structures in the image were

counted as well.
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Figure 5. Schematic figure of the measured elements in the-&cede

keratinocyte images. Keratinocytes outlined in red had their area and circularity

measured.
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Image Analysis

Scale microstructure images were compared with existing published
images taken of snake sheds. If no snake shed images were available, published
images of wet preserved skin were used. Scale microstructures taken on anterior,
middle, and posterior sectisf the snak&unk were also compared to each
other.The scale microstructures were described using methods modified from
Arrigo et al. (2019)Cells borders that had many protrusions from the cell (seen
as a zigzag border or finger like extensions) wesaid to have denticulations.
Denticulations were also described as either being regular (all being around the
same sizand evenly spacedy irregular(differing sizes and spacing}ell
bordergthat were rounded onsoth with no protrusions wersaid to have no
denticulationsThe texture of the surface of tbells were described as having
holes émall circular divots)straight channels (lorgtraightdivots that arenostly
parallel to each othergbyrinthine channels (long divotisat curve, or being
smooth (no visible texturejcale microstructures were said to have ridges if there
werelong, straight, raised are#isat continuedinbrokenover multiple cells
These ridges are often visible at loweagnificationsas they are created by
multiple cellsas opposed to a single cell. idiges were not seengh

microstructures were described as having no ridges.

For the interscale keratinocytes, the mean area and circularity of each
image was calculate@dlong with the standard errfmr each meanThese values

were then compared between species and beglgnsusing a bar graptith
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error barsThe mean area of all the keratinocyfi@seach species was also
calculated anthe relation between the SVL and keratinocyte size was graphed on

a scatter plot.
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RESULTS

SkinPreservation Method and Regional Differences

Overall, the tanned skins show very similar scale microstructure features
when compared to the published data on sheds and wet specimens. The scale
microstructures stayed mostly consistent between trunk body regions, but some
variation was noted-igures 613 compile the photos ajur samples and
representative photos from published wofsr original sampleimages without
edits are available in the appendix (Figu2és19). Descriptions of the
microstructures are providéetlowand any differences betwepublished

photos, variation over body regigms anomalies were noted.

Ahaetulla nasutacale microstructusgFigure §: The gale microstructures have
ridges made up afregulardenticulations, andell surfaces contain holes

Published shed skin image resembles the middle trunk dorsal scales most closely.
The anterior scale microstructures have ridges that are barely visiol¢hese

ridges become more distinct in the middle and posterior sanmfilespace

between ridges appears to decrease as we move more posterior.

Morelia viridis scale microstructures (Figure The ale microstructures have
regulardenticulationsand the cell surface is full of holes. Published shed skin
image resembles the anterior trunk dorsal scales most cldseypublished

image has less space between cell borders than our images and describes the cell

shape as being wide and elongated. Our images seem to show that the overall cell
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shape is wider on the anterior trunk scales and become more rounded as we move

posterior.

Pituophismelanoleucuscale microstructures (Figure 8hescale
microstructures have ridgasegulardenticulations, and the cell surface is full of
straight channel$?ublished shed skin image resembles the posterior trunk dorsal

scales most closely. The published image has more space in between ridges.

Python regiuscale microstructures (Figure 9he £ale microstructures have
regular denticulationgnd the cell surface is full of holes. Published shed skin
image resembles the middle trunk dorsal scales most closely. The quality of our
skin samples or the quality of our SEM picture is poor for this specimen. The
regional variance between photos kely due to the microstructures being
damaged. The denticulations can still be demmever,and the holes can be seen

in the anterior image.

Nerodia sipedorscale microstructures (Figure 1The sale microstructures

have ridgesirregulardenticulations, and the cell surface contdiathholes and
straight channels. The published paper containing the reference image was
researching the apical stigmatehich we did not imagerhe microstructures
visible in the apical stigmata are different from the rest of the ,sealeur
microstructure images only resembled the parts optitdished images not
containing the apical stigmaftéhe publishedvet preservation skin resembles the

posterior trunk dorsal scales most clos@élge posterior ridges arearrowerthan
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theanterior and middleidges The holes and channels are not visible in the

posterior image.

Liodytes allenscale microstructures (Figure 1The sale microstructures have

no denticulationsand the cell surface is flat. The published wet preservation skin
resembles the posterior trunk dorsal scales most closely. The published wet
preserved image hasfewsharp protrusions from the célbrder These

protrusions are present in our sample but are less pronouveedo not think

these structures should be considered denticulations as they are extremely wide
andonly a few occur on each cellhere are also large divots present that we do
not see. The cells are much more elongated in the middle and posterior images

than they are in the anterior image.

Rhamphiophis oxyrhynchgsale microstructures (Figure 1Zhe anterior and

middle scale microstructure images have been removed as we determined that the
structures imaged were of damage and debris, not the scale microstrudieses.

removed images are available in the appendix (Figtteand 45)Scale

microstructures have ridgasegulardenticulations and the cell surface has

straight channels. The reference snake shed image is Rbaaiphiophis

oxyrhynchushed but instead &@hamphiophis rubnounctatusshed. The paper

did not provide an image &hamphiophis oxyrhynchgbed but described its

mi crostructures as Ocaniculated (ridges
between themRhamphiophis rubropunctatstied was presented as an example

of caniculate microstructures.
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Xenopeltis unicoloscale microstructures (Figure 13he ale microstructures
haveregulardenticulationsand the cell surface is flat. The published shed skin
resembles the anterior trunk dorsal scales most closely. Our posterior image had
severely damaged microstructures that were barely visible. Luckily, there was a
hole in the top layer of the skin andethicrostructures were fully formed
underneath. This is an example of how the shed skin microstructures and the

snakeskin microstructures can look differ@dble and Van Devender 1976)
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dorsal trunk scale microstructures imaged on tanned Iskages contrasted in
Fiji. (J) Ahaetulla nasutalorsal scale microstructures imaged on shedfsim

Figure 6. Ahaetulla nasutdA-C) anterior, (D-F) middle, and(G-I) posterior
Arrigo et al. 2019
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Figure 7. Morelia viridis (A-C) anterior, (BF) middle, and (&) posterior dorsal
trunk scale microstructures imaged on tanned skin. Images contrasted in Fiji. (J)
Morelia viridis dorsal scale microstructures imaged on shed skin from Arrigo et
al. 20L..
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Figure 8. Pituophis melanoleucu#\-C) anterior, (BF) middle, and (&)
posterior dorsal trunk scale microstructures imaged on tanned skin. Images
contrasted in Fiji. (@) Pituophis melanoleucudorsal scale microstructures
imaged on shed skin from Tsai et al. 2020.
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Figure 9. Python regiugA-C) anterior, (BF) middle, and (&) posterior dorsal
trunk scale microstructures imaged on tanned skin. Images contrasted in Fiji. (J)
Python regiugiorsal scale microstructures imagedsbied skin fromArrigo et al.
2019
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Figure 10.Nerodia sipedortA-C) anterior, (BF) middle, and (@) posterior

dorsal trunk scale microstructures imaged on tanned skin. Images contrasted in
Fiji. (JK) Nerodia sipedomorsal scale microstructures imagedvet preparation
skin fromChiasson and Lowe 1989.
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Figure 11.Liodytes allen{A-C) anterior, (BF) middle, and (@) posterior

dorsal trunk scale microstructures imaged on tanned skin. Images contrasted in
Fiji. (J) Liodytes allendorsal scale microstructures imagedvwst preparation

skin from Price 1983.
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Figure 12.Rhamphiophis oxyrhynch(&-l) posterior dorsal trunk scale
microstructures imaged on tanned skin. Images contrasted in Fiji.

(J) Rhamphiophis oxyrhyncha®ersal scale microstructures imaged on shed skin
from de Pury 2011.
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Figure 13.Xenopeltis unicolofA-C) anterior, (BF) middle, and (@) posterior
dorsal trunk scale microstructures imaged on tanned skin. Images contrasted in
Fiji. (J) Xenopeltis unicolodorsal scale microstructures imaged on shed skin
from Arrigo et al. 2019.
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Inter-scale Keratinocyte Microstructures

We found interscale keratinocytes in all the specimens. All keratinocytes
were rather circular between species and body regidrese were small regional
differencesn keratinocyte sizebut there are dramatic differences in area between
the speciesSnakes with longer SVLs did not always have larger keratinacytes
We only had a posterior keratinocyte imageXenopeltis unicolgrso we were
unable to compare area and circulantgan measurements between regions.
Figures 1417 show the mean area andctilarity for each photan a bar chart
along with the standamgror.Figures 14 and 16 contain the saaneadatabut
are arranged differently. Figures 15 and 17 contain the same circularity data but
are arranged differentlyeigure 18compares the SVL of the snake to the mean
area of all the keratinocyt@seasured on the snakieheareaandcircularity
measurements for the keratinocyéesl the SVLfor each snake specimane

available in theappendixTablesl-9).

Figure 14 shows th&ituophis melanoleuctendRhamphiophis
oxyrhynchusave much larger intescale keratinocytes than the rest of the study
speciesXenopeltis unicolohad much smallekeratinocytes than the rest of the
study specied-or Ahaetulla nasutaMorelia viridis, andNerodia sipedoythe
area of keratinocytes stayed mostly consistent over body regions,cascilated
standarcerroroverlappedvith each othern Pituophis melanoleucu®ython
regius Liodytes alleniandRhamphiophis oxyrhynchue error did noaccount

for thesmalldifference in area meakVe are unable to test if these differences are
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significant asve only had one image per body regisa,our sampling is not

independent.

Figure 15 shows thalhe keratinocytes of all species weoeind
(circularity measurement > 0.%)verall,the keratinocytes d?ython regius
appear to be the most elongated on avecaggared to the other study species.
Ahaetulla nasutaPituophis melanoleucyu®ython regiusNerodia sipedorand
Rhamphiophis oxyrhynchitiad variation in circularity over body regions that was
not accounted for in the calculated error. Again, we are unable to test if these
differences are significant as we only had onegienger body region, so our

sampling is not independent.

Figure 16showsthe same data as Figure 14 but is arrangéeettershow
the variation in area between species. Fidiishows the same data as Figure 15

but is arranged to better show treiation in circularitybetween species

Figure 18 shows that longer SVL does nalways correlate to a larger
keratinocyte areda he Pituophis melanoleucusnakewasthelongestspecimen
and had the largesteankeratinocytearea Xenopeltis unicolohad the smallest
mean keratinocyte areand was the third longest specimBiamphiophis
oxyrhynchusad the second largest mean keratinocyte area but wsistthe
longest specimen, only longer thidne Nerodia sipedomndLiodytes alleni
specimenswho both have much smallerean keratinocyte areaghetrendline

shows a positive relationshijut has dow R? value 0f0.1718.
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Figure 14.Bar graph of mean area of int&rale keratinocytes, organized by

species.
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Figure 15.Bar graph of mean circularity of intscale keratinocytes, organized
by species.
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Figure 17.Bar graph of mean circularity of intscale keratinocytes, organized
by body region.
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Figure 18.Scatter ploshowing relationship betweenean keratinocyte areeand
SVL for each snake specimetindicatesheadless snake sp@en, true SVL is
longer than the recorded measurement

Figures B-26 compile the photos of our intscale keratinocyte SEM
images along with total counts of keratinocytes in the imagesX&mopeltis
unicolor (Figure &), only posterior intesscale keratinocytes were visible on our
specimen. The hinge region and insenle skin foiXenopeltis unicolowas
completely covered and not visible in our anterior and middle skin samples. Our
original sample images without edits are available in the appendix (Figlires 2

50).
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Figure 19. Ahaetulla nasutgA) anterior, (B) middle, and(C) posteriorinter-scale
keratinocyte images at x1000 magnification.

Figure 20. Morelia viridis (A) anterior, (B) middle, and (C) posterior ini&zale
keratinocyte images at x1008@agnification.
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Figure 21. Pituophis melanoleucy®\) anterior, (B) middle, and (C) posterior
inter-scale keratinocyte images at x1000 magnification.

Figure 22. Python regiugA) anterior, (B) middle, and (C) posterior inisrale
keratinocyte images at x1000 magnification.
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Figure 23. Nerodia sipedortA) anterior, (B) middle, and (C) posterior int&rale
keratinocyte images at x1000 magnification.

Couns: 180 171 164

Figure 24. Liodytes alleniA) anterior, (B) middle, and (C) posterior iniszale
keratinocyte images at x1000 magnification.
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Figure 25. Rhamphiophis oxyrhynchg8) anterior, (B) middle, and (G)osterior
inter-scale keratinocyte images at x1000 magnification.

Figure 26. Xenopeltis unicolofC) posterior intesscale keratinocyte images at
x1000 magnification.
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DISCUSSION

Tanned Skin for Use in MicrostructuResearch

We have found that the scale microstructures visible on our tanned
specimens are comparable to the published scale microstructures found on shed
skin and wet preserved specimens. This means that tanned snakeskins can be used
in microstructure research. figed snakeskins are much more durable than snake
sheds, so they may be kept in long term storage for future study. Tanned skin is
also completely dry, removing the need for a dehydration step before SEM unlike
wet preserved samples. Tanned skin may beod gtiernative to other
preservation methods when available for future snake microstructure research,

and perhaps other reptile microstructure research.

Scale Microstructure Regional Differences

In general, no major differences were seen between the scale
microstructures on the anterior, middle, and posterior dorsal trunk scales. Some
regional variations were noted in thtorelia viridis, Ahaetulla nasutaand
Liodytes allensnakesamplesThecell shapes dflorelia viridis were elongated
in the anterior photo and became more rounded in the maddi@osterior
photos.The anterior photo of th&haetulla nasutahe ridges are not well defined
and have large spaces between them. The middle contains more distinct ridges

that are much closer together, and the posterior also contains distinct ridges that
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are even more compact thine middle. The middle and posterior photos of

Liodytes allenshow elongatedells, while the anterior image shows more
roundedcells This means that the shape of microstructures found can vary
depending on the place the scale was sampled from, even from trunk scales. The
regional variation of microstructures in uropeltid snakes is an adaptation to cause
dirt to selectively bind to th&il (Gans and Baic 1977). It is not unreasonable to
assume that other snakes would have regional variation as waiffeasnt parts

of the snake interact with its surroundings in different ways. Most published
research neglects to state precisely where the scale microstructures were found. If
this regional variation is common in snakes, the locations of the samplebenust

described more precisely for accurate comparisons to be made.

Inter-scale Keratinocyte Microstructures

For our quantitative analysis of the intrale keratinocytes, we found that
the average size of the keratinocytes varies between species. The shape of the
keratinocytesvasrather round across all studied species, Wigthon regius
keratinocytes being slightly more elongated than the rest. The area and circularity
of keratinocytes stayaaostly consistent throughout the body regions of the
snakesWith more keratinocyte imagestatisticaltess would be abldo
determine if the smaller variations sese significant or nofThe length of a

snake specimen did not strongly correlate with average keratinocyt®\iize.
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more snie specimens and speciag would be able to tell ikeratinocytes are

larger on longer snakes or if there is a different variable affecting keratinocyte
size.There is still a lot that we do not know about these structures. We have not
found studies that focused on these structures. We hypothesize that these
structures are largely formed from the keratinocytes of the alpha layer. We are
also unsure why the micstructures produced by the oberhautchen layer are not
visible here like they are on the scale. Perhaps the oberhautchen layer needs the
flat layer povided by the beta layéo produce their microstructures. Perhaps the
oberhautchen cells are still producing their microstructures, but they are
unrecognizable without the thick beta layer. The hinge region anesiraé skin

is largely covered by the scales, so it is likely thase structuresre presentiue

to the layers of the skin as opposed to ecological adaptations, but it is still possible
that they have an impact. The incredibly small size of the keratinocytes in the
fossorialXenopeltisuniclors nake mi ght aid in its ski
repelling, but the large keratinocyte size in Rieamphiophis oxyrhynchuthe

other fossorial snake, suggests otherwise.

Limitations of this Study

Our sample size is relatively smalVe were limited by thaumberof
tanned skins we had in our collection and by what snakes we were @ettog

other research projects. We omlyamined the skiof a single individual in all
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our species. Further research could focus on sampling multiple specimens in a
single species to understand intraspecific variability and factors that may relate to

it such as sex, ontogeny, and size.

We are new to using Scanning Electron Microscopes, so much of our time
was spent learning how to use the machine and achieve quality images. Some
images that made it into our results were taken during that learning process, so
they are not as clear as wewld have likedOur FEI Quanta 20D SEM is also
on the oldeside andwvas having troublachieving a high vacuunsome of the

samples had troubles with arciramd there were other unknown visual glitches

There are no quantification methods available to examine the nature of the
microstructures themselves, a challenge wedriginally thoughtwe would
solve in this thesidt quickly becamepparent that the variation is too wide and
further research is needed to understand how different structures are byrmed

the oberhautchen cells.

Conclusion

The microstructures afnakeskirare highly variable across species and
these differences seem more correlated with phylogeny than ecology, though
ecology is also clearly important. Hexe showed that tanned skins provide a
long lasting and safe alternative to other preservation methods to examine

microstructures in SEMWe also showed that some species there is clear
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regional variationn scale microstructureand therefore future studies should
specify the region of the snake sampleithally, we described the variation in
keratinocytegound in the hinge region of tlemakeskin These structures seem to
not have been previously examindekplyin snakes, and they appear to be highly
variable across species in sa@d potentially circularitybutlargely consistent
between body regions. More research is needed to determine the nature and

potential function of thesgtructures.
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APPENDIX

Table 1.List of studied snake specinerilndicates headless snake specimen,
true SVL is longer than the recorded measurement

Specimen ID | Species Sex | Snout to Vent | Ecology
Length (mm)

AHNAOO1F Ahaetulla nasuta 860 Arboreal

MOVIO01M Morelia viridis M >1290* Arboreal

PIMEOO1F Pituophis F >1441* Terrestrial
melanoleucus

PYREOO2F Python regius F >950* Terrestrial

NESI200M Nerodia sipedon M 566 Aquatic

LIALOO2F Liodytes alleni F 508 Aquatic

RHOX001M | Rhamphiophis M 843 Fossorial
oxyrhynchus

XEUNOO5M Xenopeltis unicolor | M 1021 Fossorial
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Table 2.Inter-scale keratinocyte measuremertsaetulla nasuta

Ahaetulla nasuta Keratinocytes
Region Area (1?) Circularity Region Area (U?) | Circularity
Anterior 165.895 0.718 Middle 129.919 | 0.769
Anterior 35.417 0.732 Middle 138.387 | 0.6
Anterior 13.677 0.809 Middle 81.964 0.754
Anterior 44117 0.731 Middle 56.983 0.873
Anterior 137.153 0.852 Middle 35.32 0.856
Anterior 36.323 0.752 Middle 29.012 0.706
Anterior 81.211 0.62 Middle 169.907 | 0.658
Anterior 78.8 0.743 Middle 115.799 | 0.569
Anterior 134.491 0.915 Middle 82.427 0.543
Anterior 42.13 0.531 Middle 191.416 | 0.47
Anterior 110.127 0.777 Middle 181.906 | 0.594
Anterior 173.515 0.612 Middle 126.601 | 0.677
Anterior 12.114 0.725 Middle 41.435 0.756
Anterior 110.918 0.757 Middle 29.128 0.556
Anterior 116.59 0.951 Posterior | 129.707 | 0.687
Anterior 224.306 0.902 Posterior | 120.853 | 0.573
Anterior 75.212 0.886 Posterior | 48.264 0.414
Anterior 12.809 0.88 Posterior | 38.927 0.508
Anterior 75.367 0.747 Posterior | 100.328 | 0.631
Middle 89.757 0.696 Posterior | 146.952 | 0.728
Middle 55.266 0.885 Posterior | 88.465 0.7
Middle 111.902 0.799 Posterior | 90.953 0.783
Middle 36.516 0.787 Posterior | 26.91 0.529
Middle 36.69 0.874 Posterior | 58.951 0.372
Middle 46.586 0.46
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Table 3. Inter-scale keratinocyteneasurementdjorelia viridis

Morelia viridis Keratinocytes

Region Area (u?) | Circularity
Middle 37.133 0.763
Middle 46.971 0.526
Posterior | 93.364 0.565
Posterior | 71.933 0.876
Posterior | 64.583 0.601
Posterior | 59.047 0.884
Posterior | 97.84 0.74
Posterior | 112.249 0.65
Posterior | 85.262 0.805
Posterior | 74.498 0.781
Posterior | 221.547 | 0.873
Posterior | 89.641 0.903
Posterior | 59.279 0.822
Posterior | 43.634 0.78

Region Area (4?) Circularity
Anterior 111.574 0.886
Anterior 68.441 0.712
Anterior 103.839 0.913
Anterior 25.675 0.878
Anterior 37.288 0.856
Anterior 41.069 0.794
Anterior 47.647 0.75
Anterior 81.867 0.728
Anterior 50.077 0.832
Anterior 26.736 0.648
Anterior 27.72 0.747
Anterior 26.312 0.772
Anterior 93.383 0.714
Anterior 44.83 0.597
Anterior 139.815 0.713
Anterior 76.813 0.868
Anterior 15.567 0.645
Middle 100.791 0.839
Middle 85.204 0.87
Middle 166.223 0.674
Middle 105.247 0.932
Middle 43.364 0.845
Middle 111.208 0.814
Middle 94.83 0.76
Middle 56.848 0.866
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Table 4.Inter-scale keratinocyte measurememiyophis melanoleucus

Pituophis melanoleucus Keratinocytes

Region

Area (U?)

Circularity

Region Area (U?) Circularity
Anterior 512.056 0.857
Anterior 475.135 0.65
Anterior 612.809 0.915
Anterior 555.671 0.805
Anterior 394.599 0.7
Anterior 494.387 0.879
Middle 761.227 0.914
Middle 800.694 0.845
Middle 625.212 0.923
Posterior 656.597 0.854
Posterior 676.157 0.855
Posterior 643.924 0.759
Posterior 555.999 0.832
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Table 5. Inter-scale keratinocyte measuremeiitgthon regius

Python regius Keratinocytes

Region Area (u?) | Circularity
Middle 240.567 0.624
Posterior | 151.524 | 0.652
Posterior | 161.458 | 0.772
Posterior | 150.559 | 0.449
Posterior | 234.24 0.751
Posterior | 98.052 0.468
Posterior | 194.676 | 0.725
Posterior | 86.902 0.712

Region Area (4?) Circularity
Anterior 93.576 0.854
Anterior 86.053 0.404
Anterior 97.782 0.455
Anterior 105.266 0.343
Anterior 117.535 0.555
Anterior 155.999 0.78
Anterior 124.595 0.397
Anterior 78.569 0.58
Anterior 66.358 0.82
Anterior 61.42 0.529
Middle 145.853 0.637
Middle 217.921 0.632
Middle 144.039 0.89
Middle 97.164 0.695
Middle 124.248 0.63
Middle 59.163 0.558
Middle 86.015 0.721
Middle 78.935 0.804
Middle 113.407 0.727
Middle 63.04 0.666
Middle 64.545 0.883
Middle 52.971 0.526
Middle 75.791 0.583
Middle 15.664 0.714
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Table 6.Inter-scale keratinocyte measuremeisyodia sipedon

Nerodia sipedon Keratinocytes
Region Area (1?) Circularity Region Area (U?) | Circularity
Anterior 147.126 0.873 Middle 186.304 | 0.92
Anterior 146.817 0.942 Middle 84.799 0.814
Anterior 71.412 0.915 Middle 80.652 0.76
Anterior 189.776 0.929 Middle 106.636 | 0.857
Anterior 85.571 0.911 Middle 107.157 0.855
Anterior 140.664 0.921 Middle 152.643 0.842
Anterior 50.463 0.914 Middle 71.933 0.846
Anterior 55.729 0.903 Posterior | 91.262 0.688
Anterior 35.34 0.68 Posterior | 143.441 | 0.904
Anterior 154.032 0.942 Posterior | 60.822 0.923
Anterior 45.795 0.892 Posterior | 158.14 0.887
Anterior 141.377 0.898 Posterior | 107.986 | 0.859
Anterior 42.728 0.864 Posterior | 79.051 0.778
Anterior 131.52 0.912 Posterior | 108.893 | 0.825
Anterior 78.665 0.823 Posterior | 138.619 | 0.931
Anterior 121.277 0.888 Posterior | 52.353 0.923
Anterior 31.269 0.898 Posterior | 143.499 | 0.868
Anterior 53.472 0.79 Posterior | 53.221 0.745
Anterior 62.674 0.93 Posterior | 130.941 | 0.864
Middle 95.062 0.859 Posterior | 25.675 0.85
Middle 186.188 0.907
Middle 81.578 0.835
Middle 119.078 0.83
Middle 204.977 0.807
Middle 43.21 0.847
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Table 7.Inter-scale keratinocyte measuremeiisdytes alleni

Liodytes alleni Keratinocytes

Region Area (u?) | Circularity
Middle 128.125 0.945
Middle 41.011 0.923
Posterior | 135.899 | 0.946
Posterior | 39.911 0.867
Posterior | 106.944 | 0.859
Posterior | 66.262 0.809
Posterior | 40.509 0.854
Posterior | 46.528 0.925
Posterior | 95.66 0.939
Posterior | 52.855 0.819
Posterior | 15.316 0.759
Posterior | 61.555 0.588

Region Area (4?) Circularity
Anterior 100.502 0.928
Anterior 35.513 0.873
Anterior 57.407 0.843
Anterior 47.608 0.898
Anterior 49.749 0.927
Anterior 66.319 0.878
Anterior 48.187 0.834
Anterior 65.066 0.852
Anterior 73.881 0.909
Anterior 24.749 0.701
Anterior 43.056 0.907
Anterior 88.773 0.722
Anterior 36.4 0.923
Anterior 40.76 0.94
Middle 59.664 0.89
Middle 34.24 0.935
Middle 42.631 0.755
Middle 88.966 0.904
Middle 179.398 0.835
Middle 177.334 0.93
Middle 188.021 0.76
Middle 120.737 0.728
Middle 61.574 0.845
Middle 40.683 0.934
Middle 166.319 0.824
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Table 8.Inter-scale keratinocyte measuremembiamphiophis oxyrhynchus

Rhamphiophis oxyrhynchus Keratinocytes

Region

Area (U?)

Circularity

Region Area (4?) Circularity
Anterior 737.442 0.904
Anterior 628.434 0.879
Anterior 647.338 0.84
Anterior 709.626 0.926
Anterior 502.18 0.858
Anterior 626.89 0.947
Middle 528.299 0.668
Middle 427.431 0.772
Middle 594.946 0.817
Middle 552.836 0.825
Posterior 420.775 0.939
Posterior 476.254 0.927
Posterior 557.89 0.945
Posterior 588.735 0.935
Posterior 243.75 0.945
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Table 9.Inter-scale keratinocyte measuremedsnopeltis unicolor

Xenopeltis unicolor Keratinocytes

Region Area (u?) | Circularity
Posterior | 15.22 0.856
Posterior | 14.024 0.884
Posterior | 17.207 0.92
Posterior | 10.166 0.848
Posterior | 15.934 0.901
Posterior | 16.937 0.861

Region Area (4?) Circularity
Posterior 18.538 0.867
Posterior 25.714 0.898
Posterior 14.333 0.945
Posterior 17.13 0.938
Posterior 7.87 0.886
Posterior 8.14 0.932
Posterior 10.706 0.93
Posterior 23.013 0.923
Posterior 10.59 0.868
Posterior 23.129 0.805
Posterior 10.224 0.885
Posterior 18.229 0.89
Posterior 12.674 0.883
Posterior 12.442 0.919
Posterior 10.571 0.904
Posterior 13.368 0.92
Posterior 14.969 0.905
Posterior 3.742 0.894
Posterior 6.752 0.88
Posterior 10.725 0.823
Posterior 10.108 0.802
Posterior 18.383 0.889
Posterior 25.656 0.868
Posterior 13.407 0.924
Posterior 14.198 0.922
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Ahaetulla nasuta
Colubridae
Anterior Dorsal Skin

Figure 27. Unedited SEM images @&haetulla nasutanteriordorsal snakeskin
microstructures. (A) Scale morphology (B) Intmalekeratinocytes (€E) Scale
microstructurest various levels of magnification
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Ahaetulla nasuta
Colubridae
Middle Dorsal Skin

Figure 28. Unedited SEM images &haetulla nasutaniddle dorsal snakeskin
microstructures. (A) Scale morphology (B) Insmale keratinocytes (E) Scale
microstructures at various levels of magnification
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Ahaetulla nasuta
Colubridae
Posterior Dorsal Skin

Figure 29. Unedited SEM images @&haetulla nasutgosteriordorsal snakeskin
microstructures. (A) Scale morphology (B) Insmale keratinocytes (E) Scale
microstructures at various levelsraagnification
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Morelia viridis
Pythonidae
Anterior Dorsal Skin

Figure 30. Unedited SEM images dflorelia viridis anterior dorsal snakeskin
microstructures. (A) Scale morphology (B) Insmale keratinocytes (E) Scale
microstructures at various levels of magnification
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Morelia viridis
Pythonidae
Middle Dorsal Skin

Figure 31. Unedited SEM images dflorelia viridis middle dorsal snakeskin
microstructures. (A) Scale morphology (B) Insmale keratinocytes (E) Scale
microstructures at various levels of magnification
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Morelia viridis
Pythonidae
Posterior Dorsal Skin

Figure 32. Unedited SEM images dflorelia viridis posteriordorsalsnakeskin
microstructures. (A) Scale morphology (B) Insmale keratinocytes (E) Scale
microstructures at various levels of magnification
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Pituophis melanoleuceus
Colubridae
Anterior Dorsal Skin

Figure 33. Unedited SEM images @fituophis melanoleucuwenterior dorsal
snakeskin microstructures. (A) Scale morphology (B) tstae keratinocytes
(C-E) Scale microstructures at various levels of magnification
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Pituophis melanoleuceus
Colubridae
Middle Dorsal Skin

Figure 34. Unedited SEM images ®ituophis melanoleucusiddle dorsal
snakeskin microstructures. (A) Scale morphology (B) tstae keratinocytes
(C-E) Scale microstructures at various levels of magnification
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- Pituophis melanoleuceus
Colubridae
Posterior Dorsal Skin

Figure 35. Unedited SEM images ®fituophis melanoleucysosteriordorsal
snakeskin microstructures. (A) Scale morphology (B) tstae keratinocytes
(C-E) Scale microstructures arious levels of magnification
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Python regius
Pythonidae
Anterior Dorsal Skin

Figure 36. Unedited SEM images &fython regiusanterior dorsal snakeskin
microstructures. (A) Scale morphology (B) Insmale keratinocytes (E) Scale
microstructures at various levels of magnification
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iV [Spo

Python regius
Pythonidae
Middle Dorsal Skin

Figure 37. Unedited SEM images &fython regiusniddle dorsal snakeskin
microstructures. (A) Scale morphology (B) Insmale keratinocytes (E) Scale
microstructures at various levels of magnification

68



Figure 38. Unedited SEM images &fython regiugposteriordorsal snakeskin
microstructures. (A) Scale morphology (B) Insmale keratinocytes (E) Scale
microstructures at various levels of magnification
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