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Tein-Shun Tsai and Jean-Jay Mao (2017) Shed snake skins have many applications for humans and other
animals, and can provide much useful information to a field survey. When properly prepared and identified, a
shed snake skin can be used as an important voucher; the morphological descriptions of the shed skins may be
critical for taxonomic research, as well as studies of snake ecology and conservation. However, few convenient/
expeditious methods or techniques to identify shed snake skins in specific areas have been developed. In this
study, we collected and examined a total of 1,260 shed skin samples - including 322 samples from neonates/
juveniles and 938 from subadults/adults - from 53 snake species in Taiwan and adjacent islands, and developed
the first guide to identify them. To the naked eye or from scanned images, the sheds of almost all species
could be identified if most of the shed was collected. The key features that aided in identification included the
patterns on the sheds and scale morphology. Ontogenetic differences and intraspecific variation in the patterns
of sheds were evident in some snake species, and the proportion of young snakes with patterned shed skins
was larger than that of adults. The retention of markings on the ventral side of the body (especially the ventral
head) during sloughing was much lower than that on the dorsal side. We hope that this pioneering work will
not only encourage other researchers to develop similar keys for their country, but also promote local schools,
organizations, and citizen scientists to conduct snake inventories.

Key words: Ecdysis, Snake monitoring technique, Ontogenetic differences, Intraspecific variations, Guide and
key.

BACKGROUND

Molting (shedding, ecdysis) in reptiles results
from cyclical changes in the underlying skin
structure. Snakes periodically molt their outermost
layer of epidermis, permitting the replacement
of skin that has been abraded or damaged, the
disposal of parasites, and growth (Greene 1997).
The process of ecdysis is therefore viewed to
signify a renewing of vital forces or as a sign of
immortality (Crump 2015). Shed snake skins have
several practical applications. First, in folk and
traditional medicine, snake sheds have been used

for treatment of ailments like glaucoma, eczema,
hemorrhoids, wound healing, psoriasis, and
parturition problems (Lev 2003; Mukherjee et al.
2013). Second, shed skins can serve as a tissue -
collected without harming the animal - for studies
of contaminant exposure (Kaur 1988; Hopkins et
al. 2001; Jones et al. 2005) or DNA (Bricker et al.
1996; Clark 1998). DNA in shed skins is stable for
at least one month as long as the shed is kept dry
(Fetzner 1999). Third, ethical considerations make
using human skin a major problem in transdermal
research (Ngawhirunpat et al. 2006), but shed
snake skin may offer a model membrane because
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of its partial similarities to human skin (Itoh et al.
1990; Priprem et al. 2007 2008; Kumpugdee-
Vollrath et al. 2013; Torri et al. 2014). Shed
skins can be used in exhibits and employed in
educational programs at places such as snhake
farms, museums, or nature centers, where they
may engender less fear than a live snake. Snake
sheds can also be very aesthetically pleasing;
many people have taken to creating beautiful
snake shed jewelry (https://is.gd/ZBeJwB). In
addition, skin lipid pheromones have been shown
to play important roles in snake behavior. Shed
skin releases pheromones into the environment
and informs conspecifics about the reproductive
status of the newly shed snake (Kubie et al. 1978).
Other animals, such as ground squirrels, exploit
the scent of rattlesnake (Crotalus sp.) sheds to
reduce the risk of rattlesnake predation (Clucas
et al. 2008a b), and some birds use snake sheds
in their nests, which may function to decrease
predation by mammalian predators (Medlin and
Risch 2006) or reveal female parental quality (Trnka
and Prokop 2011). Wildlife detector dogs can
also be trained to find hidden snake sheds during
surveys of wild snakes (Stevenson et al. 2010).

In addition, a shed snake skin can provide
much useful information to a field survey. When
properly prepared and identified, a shed snake
skin can be used as a voucher, documenting the
presence of a species without sacrificing or even
necessarily finding an individual (Gray 2009 2012).
In some species, if the shed skin is complete, the
sex of the snake that left it may be inferred by
counting the ventral and/or subcaudal scales. The
location where a shed skin is found can provide
insight regarding species habitat preferences (Gray
2009 2012). During ecdysis, a snake’s stratum
corneum is stretched, resulting in a shed skin that
is usually slightly longer (on average 11% increase
reported in Gray 2009) than the actual snake.
Using a regression equation, the actual snout-vent
length (SVL) can be estimated from the length
of a shed skin (Gray 2009). The relative size,
shape, and arrangement of scales from sheds,
as well as the sex and size measurements of the
actual snake, could potentially be used to identify
individuals and aid in investigations of site fidelity
during ecdysis (Gray 2008). Studies on the global
decline of snakes and other reptiles (Gibbons et al.
2000; Reading et al. 2010) have revealed that it is
necessary to monitor wild populations in the long
term, which must be aided by the establishment
of standard methods and techniques (McDiarmid
et al. 2012). In snake monitoring or surveying,
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snake sheds are normally ignored or discarded,
but they can be a useful voucher for a specimen if
the methods or technique to identify them are well
developed. Because keratin is slow to break down,
sheds may persist in an arid environment for well
over a month, assuming they are not consumed
by fungi or invertebrates. Marks made by scale
clippings are observable in cast skins, so sheds
can also be of value in mark-recapture studies
(Gray 2002). Researchers could also sequence
DNA from shed skins to use in population genetics
studies.

Several publications or guides address
identifying actual snakes, yet these same works
may not be useful in identifying sheds because
many rely on coloration, which sheds lack. Few
convenient/fast methods or techniques to identify
species of snake sheds in specific areas, however,
have been developed, except in Canada (Gray
2012) and some areas in the United States (ex.
Gray 2002 2015). In this study, we collected and
examined shed skins from 53 species of snakes
found in Taiwan and adjacent islands in order to
develop the first guide and key to identify them; we
hope that this will facilitate related studies on the
biology and conservation of snakes.

MATERIALS AND METHODS

We collected shed skin samples of
snakes from Taiwan (for most species), Green
Island (for Laticauda spp. and Oligodon
formosanus), Orchid Island (for Elaphe carinata
yonaguniensis, Laticauda spp., O. formosanus,
and Psammodynastes pulverulentus papenfussi),
Kinmen (for Python bivittatus bivittatus), and
Mazu (for O. chinensis). Sheds were collected
in the field or obtained from individual snakes
in captivity. The study was approved (IACUC
approval number: NPUST-104-029) by the Animal
Care and Use Committee of the National Pingtung
University of Science and Technology (NPUST)
and the captive animals were mainly raised in
the Reptile and Amphibian Facility at NPUST,
which has been accredited by the International
Association for the Assessment and Accreditation
of Laboratory Animal Care (AAALAC). The sheds
were processed and prepared before identification.
The sheds were first immersed in clean water
and lightly squeezed to soften them. They were
then cut using dissecting scissors underneath the
water from the angle of the mouth to the center of
the tenth ventral; once this point was reached the
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cutting continued down the middle of the ventrals
in the direction of the tail, until the tenth ventral
anterior to the anal plate. The sheds were then cut
at an angle towards the boundary line between
the ventrals and the dorsals, and cutting continued
along this line towards the tail tip. During the
above procedure, any debris on the sheds was
removed by hand or with forceps, and the sheds
were simultaneously and carefully spread out. After
that, the sheds were carefully spread out under the
water onto mosquito nets, and the nets with sheds
were lifted out of the water and placed on shelves
to dry. After the sheds dried, they were separated
carefully from the net, and scanned (Epson
Perfection V37, Seiko Epson Corp., Japan) to
obtain images for identification. The images were
displayed using the auto-contrast function in Adobe
Photoshop 7.0.1. Finally, the individually prepared
shed skin samples were sealed in transparent
bags, which were put into A4 size ring binders
and stored in dry boxes. The shed samples were
deposited as voucher specimens in 1) Department
of Biological Science and Technology, NPUST; and
2) Department of Forestry and Natural Resources,
National Ilan University. The scientific names of
snakes in this study followed the Reptile Database
(http://www.reptile-database.org), except for the
undescribed endemic species (“Paiwan Keelback”;
Hebius sp.) found in southern Taiwan and the
Formosan Tiger Snake (Rhabdophis formosanus;
Takeuchi et al. 2012 2014). The validity of
subspecies in Trimeresurus stejnegeri (Guo et al.
2016), Hebius sauteri, and Sinonatrix percarinata
(Zhao 2006) was questionable, and subspecies
names for these species were not used in this
study.

RESULTS

A total of 1,260 shed samples (one sample
per individual, including 322 samples from
neonates/juveniles and 938 samples from
subadults/adults) from 53 species of snakes
(including one undescribed species, Hebius sp.)
were collected and examined in this study. Two
samples of O. chinensis were collected from
Hangzhou, China. Sheds were collected in the
field (10%) or obtained from individual snakes in
captivity (90%). Representative images of dorsal
head, anterior body (about two head lengths
posterior to the head), mid-body, and posterior
body (about two head lengths anterior to the
vent) of shed skins from each species are shown
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in figures 1-8. At least one complete set of shed
images for each species was available, except for
O. chinensis, which lacked the head region in all
four shed samples. The ranges in the number of
dorsal scale rows, ventrals, subcaudals, and other
scale characters for each species were mainly
summarized from previous reports (Maki 1931;
Pope 1935; Wang and Wang 1956; Kuntz 1963;
Ota and Toyama 1989; Tu et al. 1990; Zhao et al.
1998; Ota et al. 1999; Zhao 2006; You et al. 2013
2015). The sample sizes of sheds for each snake
species are listed in table 1, where the summarized
ranges of dorsal scale row, numbers of ventrals
and subcaudals are also shown. The catalogue
numbers of vouchers are listed in appendix table
A1. We used “type I” and “type II” to designate
different pattern forms (defined below) when inter-
individual or ontogenetic variations in shed skins
existed within a species. The key features (except
for those summarized above) of a complete shed
skin for each species are described as follows.

Achalinus formosanus formosanus

Whole body without markings (Fig. 1A);
dorsal scales keeled (except for the outermost
row); anal scale entire and subcaudals not divided;
the parietal contacted posterolaterally by an
enlarged paraparietal scale; the last supralabial
very slender.

Achalinus niger

Whole body without markings (Fig. 1B);
dorsal scales at least on anterior part of body
smooth; anal scale entire and subcaudals not
divided; the parietal contacted posterolaterally by
an enlarged paraparietal scale; the last supralabial
very slender.

Amphiesma stolatum

Two light-colored stripes extending along
the dorsal body (or at least the posterior part of
body) and occasionally crossed by blackish bars
anteriorly (Fig. 1C); dorsal body scales keeled
(except for the outermost row); anal scale divided.

Boiga kraepelini

Dorsal body with (Fig. 1D) or without (Fig.
1E) cross bands; body scales smooth; dorsolateral
body scales strongly oblique, at least on anterior
part of body; temporals small and similar to nuchal
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Table 1. The sample sizes of neonate/juvenile (N/J) and adult (A) sheds, ranges of number of dorsal scale
rows (at anterior-middle-posterior body), ventrals, and subcaudals, and geographic distribution for 53 snake
species. See the text for detailed descriptions of the classification of body patterns

Species Body patterns N/J A No. of dorsal scale rows?® No. of Pairs of Oceurrence n Ta|wa:>n or adjacent
ventrals? subcaudals? islands
Achalinus formosanus 61-83  Mountain areas of Taiwan, at altitudes of
formosanus Not-patterned 0 1 27(29)-27(25)-25 158-184 (single row) 1000-2000 m
" . 51-72 Mountain areas of Taiwan, at altitudes of
Achalinus niger Not-patterned 0 4 25-25-25 169-185 (single row) 1000-2000 m
Amphiesma stolatum Patterned 2 27 19-19-17 142-165  41-g7 | nroughout Taiwan, Matsu, and Orchid

Is., up to 500 m altitude

Patterned 0 6
Boiga kraepelini 23(21,25)-21(19,23)-17(15) 212-250 115-158 Throughout Taiwan, up to 1500 m altitude
Not-patterned 0 4

. Patterned 13 11 y Throughout Taiwan, Penghu, Kinmen,
BL[;:&ZZ;;ZJ””’“”“” 15(16,17)-15(16)-15 198-250 ( mZE‘: 6r50W) Matsu, Xiaoliugiu, and Gueishan Is., up
S Not-patterned 0 51 single to 1000 m
Calamar/a pavimentata Not-patterned 0 2 13-13-13 167-192 13-23 Throughot{t Taiwan and Orchid Is., up to
pavimentata 1500 m altitude

Patterned 14 0
Cyclophiops major 15-15-15 155-189 61-97  Throughout Taiwan, up to 1000 m altitude
Not-patterned 0 18

Southern and south-eastern Taiwan, up

Daboia siamensis Patterned 4 57 29(27,31)-29(27,31,33)-21(23) 151-169 40-54 .
to 500 m altitude
Deinagkistrodon acutus Patterned 1 8  21(22,23)-21(23)-17(18,19)  152-176  41-63 Igg%“fnhom Taiwan, at alfitudes of 150-
i Patterned-type | 12 0 i i i
Elaphe car_lnatg 23(21,25)-23(21,25)-19(17) 209-230 78-99 Throughout Talw_an and adjacent islands,
yonaguniensis Patterned-type Il 1 7 up to 2000 m altitude

Patterned-type | 90 17
Elaphe taeniurus friesi ) 25(23)-23(21,25)-19(17) 243-262 101-122  Throughout Taiwan, up to 2000 m altitude

Patterned-type Il 0 10
L . Patterned-type | 0 11 Northern, central and eastern Taiwan, at
Euprepiophis mandarinus Patiemed-ype Il 0 3 23(21,25)-23(21)-19(17,21) 181-238 49-76 altitudes of 1000-2500 m
Patterned 3 0 i
Gonyosoma frenatum 19(21)-19(17)-15(13) 200-227 108151 Southem and southeastern Taiwan, up to
Not-patterned 0 2 1500 meters altitude
. . Mainly in northern Taiwan, at altitudes of
Hebius miyajimae Patterned 0o 2 19-19-17 141-152 87-92 500-1600 m
Hebius sauteri Not-patterned 1 4 17-17-17 120-147 65-92  Throughout Taiwan, up to 1500 m altitude
Hebius sp. (“Paiwan Limited areas of southern or eastern
p. » Not-patterned 1 0 19-19-17(18) 156 95 Taiwan, between 500 and 1300 meters
Keelback”) .
altitude
. Western and northern Taiwan, including
Hypsiscopus plumbea Not-patterned 3 8 19-19-17(15) 122-136 23-47 Gueishan Is., up to 500 m altitude
. Throughout Taiwan and adjacent islands,
Indotyphlops braminus Not-patterned 0 8 20-20-20 300-303 8-14 up to 500 m altitude
Laticauda colubrina Patterned 0 4 25.23,25-21 225245 33-44 Orchidls. Greenls,, eastern or southem
coast of Taiwan
Laticauda laticaudata Patterned 0 8 19-19(21)-17 215-252 3347  Orehidls. Greenls., eastern or southern
coast of Taiwan
Laticauda semifasciata Patterned 0 10 23-23-19(21) 178203 3243 Orchidls, Greenls,, eastem or southern
coast of Taiwan
Patterned 5 12 i
Lycodon rufozonatus 17(19,21)-17(19)-15(17) 184-295 4595 Throughoqt Taiwan and Matsu, up to
rufozonatus Not-patterned 0 34 2000 m altitude
Patterned 38 7
Lycodon ruhstrati ruhstrati 17(19)-17-15 193-233  64-116  Throughout Taiwan, up to 1500 m altitude
Not-patterned 0 7
Patterned 3 3 i i -
Macropisthodon rudis rudis 23-23(21,25)-19 123-156  37.65 | nroughout Taiwan, at alfitudes of 500
Not-patterned 0 2 1500 m
Type | 2 0 Limited areas of Taipei, Taoyuan, Nantou,
Myrrophis chinensis 23(25)-23-21(17,19) 131-155 35-52  Kenting, and Kinmen, at altitudes up to
Type Il 0 9 500 m
Type | 54 0 i
Naja atra 23(21,25,27)-21(19,20)-15(14,13) 158-185  38-53 | Nroughout Tawan and Matsu, up to
Type Il 0 138 1000 m altitude
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Table 1. (continued)
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Species

Body patterns N/J A

No. of dorsal scale rows?

No. of

ventrals? subcaudals?

Pairs of

Occurrence in Taiwan or adjacent
islands®

Patterned-type |
Oligodon chinensis
Patterned-type Il

Patterned-type |
Oligodon formosanus
Patterned-type Il

Oligodon ornatus Patterned

Oreocryptophis Patterned-type |
porphyraceus kawakamii patterned-type I

Patterned
Ovophis makazayazaya
Not-patterned

Pareas atayal Not-patterned

Pareas formosensis Not-patterned

Pareas komaii Not-patterned
Plagiopholis styani Patterned
Protobothrops Patterned
mucrosquamatus
Psammodynastes ' Patterned
pulverulentus papenfussi
Patterned

Pseudoxenodon stejnegeri
stejnegeri Not-patterned
Patterned-type |
Ptyas dhumnades
Patterned-type Il

Patterned
Ptyas korros
Not-patterned

2
0
7
2
0
2
0
0
0
0

o

o

3

0
0
0
2
0
2
0

Patterned-type | 25

Ptyas mucosa
Patterned-type Il

Python bivittatus bivittatus Patterned
Rhabdophis formosanus Patterned
Rhabdophis swinhonis Patterned
Slby(roph:; chinensis Patterned

chinensis
Sinomicrurus hatori Patterned

Sinomicrurus macclellandi

) . Patterned

swinhoei
Sinomicrurus sauteri Patterned
Patterned

Sinonatrix annularis
Not-patterned

Patterned
Sinonatrix percarinata
Not-patterned

. B Patterned
Trimeresurus gracilis
Not-patterned

Trimeresurus stejnegeri Not-patterned

Xenochrophis piscator Not-patterned

0
1

1

=
o ©

& O N ©o » O

2

w N N O w g o N o

-
e

-
o

9

17-17-15

19-19(17)-17(15)

15-15-15

19(18,17)-19(17)-17(15)

25~31-25~29-21

15-15-15

15-15-15

15-15-15

15-15-15

25-29-25(21,27,29)-17-21

17-17-15(13)

19(17,21)-17-15(14)

16-16(14)-14

15-15(13,14)-11

19(17,21)-17(16)-14(13,15)

53-64-64-72-40-44
19-19-17(15)
15(17)-15-15
17-17-17
13-13-13 (occasionally 15)
13-13-13

13-13-13 (occasionally 15)

19-19-17

19-19-17

25~27-21~19-15~17

21(22~25)-21(23)-15

19-19(17)-17(15)

158-206

154-189

156-182

194-214

144-155

174-188

170-180

162-182

102-126

194-233

161-177

150-162

186-217

156-184

170-213

255-263
161-171
124-165
164-187

223-245

207-240

234-268

136-167

131-160

144-149

154-178

121-152

40-73

39-60

27-44

47-75

39-54

71-79

69-82

60-76

21-32

70-108

58-79

42-66

91-188

100-154

94-143

63-71
74-89
49-74

171-208

30-34

32-41

27-36

47-74

44-87

43-53

43-80

42-90

Matsu

Throughout Taiwan and adjacent islands,
up to 1000 m altitude

Northern and central Taiwan, at altitudes
of 500-1500 m

Throughout Taiwan, up to 2200 m altitude

Northern and western Taiwan, at altitudes
of 500-2200 m

Northern Taiwan, up to 1500 m altitudes

Throughout Taiwan except for the north-
eastern tip of the island, up to 2000 m
altitudes

Central, southern, and eastern Taiwan,
up to 2000 m altitudes

Very limited areas around Taipei and
the Northern Cross-Island Highway, at
altitudes of 500-1100 m

Throughout Taiwan, up to 1500 m altitude

Throughout Taiwan and Orchid Is., up to
1500 m altitude

Throughout Taiwan, at altitudes of 800-
2500 m

Throughout Taiwan, up to 2000 m altitude

Throughout Taiwan, up to 1000 m altitude

Throughout Taiwan, Kinmen, and Matsu,
up to 1500 m altitude

Kinmen

Mountain areas of Taiwan, at altitudes of
1500-3000 m

Throughout Taiwan, up to 1800 m altitude
Throughout Taiwan and Gueishan Is., up
to 1500 m altitude

Northern and eastern Taiwan, up to

2200 m altitude

Northern and western Taiwan, at altitudes
up to 1000 m

South and central Taiwan, up to 2500 m
altitude

Very limited areas of Taipei, and Taoyuan,
at altitudes up to 1000 m

Throughout Taiwan, at altitudes up to
1500 m

Central mountains in Taiwan, at
elevations of 2000-3500 m

Throughout Taiwan, Green Is. and Orchid
Is., up to 2000 m altitude

Throughout Taiwan and Kinmen, up to
500 m altitude

aThe numbers of dorsal scale rows, ventrals, and subcaudals are mainly summarized from previous reports (see the text). The data of
Hebius sp. are measured from a fluid-preserved specimen (voucher number: NIU-HE-001). (Maki 1931; Pope 1935; Wang and Wang
1956; Kuntz 1963; Ota and Toyama 1989; Tu et al. 1990; Zhao et al. 1998; Ota et al. 1999; Zhao 2006; You et al. 2013, 2015). °The
geographical distributions of snakes in Taiwan and adjacent islands are mainly according to Shang et al. (2009).
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Fig. 1. Representative images of the dorsal head, anterior body (at a position about two head lengths posterior to the head), middle
body, and posterior body (at a position about two head lengths anterior to the vent) of potential types of shed skins for the snake
species: (A) Achalinus formosanus formosanus (not patterned; adult); (B) A. niger (not patterned; adult); (C) Amphiesma stolatum
(patterned; adult); (D) Boiga kraepelini (patterned; adult); (E) B. kraepelini (not patterned; adult); (F) Bungarus multicinctus multicinctus
(patterned; juvenile); (G) B. m. multicinctus (not-patterned but tinted with gray; adult); (H) B. m. multicinctus (not patterned; adult); (I)
Calamaria pavimentata pavimentata (not patterned; adult); (J) Cyclophiops major (patterned; neonate). Scale bar = 0.5 cm.
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scales; anal scale divided.
Bungarus multicinctus multicinctus

Dorsal body of neonates/juveniles and 18%
of adults with cross bands (Fig. 1F); body of other
adults without obvious markings (Figs. 1G, H), but
the scales around the mid-dorsal line on 51% of
these adults grayish (Fig. 1G) or grayish green;
some sheds with grayish green or even light
orange ventrals; body scales smooth; vertebral
scales enlarged and hexagonal; anal scale entire
and subcaudals not divided.

Calamaria pavimentata pavimentata

Whole body without markings (or with very
faint, light stripes along the dorsal flanks) (Fig.
11); body scales smooth; parietals in contact with
supralabials; internasals absent; anal scale entire.

Cyclophiops major

Dorsal body with scattered, dark small spots
in neonates (Fig. 1J) and without markings (Fig.
2A) in juveniles and adults; dorsal scales of at least
anterior part of body smooth; anal scale divided.

Daboia siamensis

Dorsal body with blotches or designs edged
by black and/or light lines (Fig. 2B); dorsal body
scales strongly keeled (except for the outermost
row); top of head with three large, prominent,
dark patches forming a light “Y” between them
and covered only with small scales (except for
supraoculars or nasals); anal scale entire.

Deinagkistrodon acutus

Dorsal body with a series of large, triangular
designs laterally (Fig. 2C); upper head brownish,
with light-colored sides; dorsal body scales
strongly keeled (except for the outermost rows);
anal scale entire.

Elaphe carinata yonaguniensis

Nape or anterior body of neonates/juveniles
with pairs of dark marks or cross bands (Figs. 2D,
E; type |); posterior body of neonates/juveniles
sometimes with light brown longitudinal stripes
extending onto tail (Figs. 2D, E); the posterior half
of the body of adults with longitudinal intermittent
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lines of darkened scale keels (Fig. 2F; type II);
sides of ventrals in adults and some juveniles
darkened; dorsal body scales strongly keeled
(except for the outermost row); anal scale divided.

Elaphe taeniurus friesi

Anterior dorsal body with 2 or 4 rows of
dark blotches or bands in neonates/juveniles and
subadults (Fig. 2G; type |), but with a faint median
band in adults (Fig. 2H; type Il); the designs
turning into two lateral series of dark bands on the
posterior body, most obvious on tail; head usually
with a stripe extending posteriorly from the eye;
dorsal body scales feebly keeled except those on
the flanks; anal scale divided.

Euprepiophis mandarinus

Dorsal head with 2-3 broad, black cross-
bands; dorsal body with a series of light-centered
saddles (Fig. 2I; type I) or a series of curved
and paired spots (Fig. 2J; type Il); sides of some
ventrals usually darkened; body scales smooth (or
occasionally feebly keeled); anal scale divided.

Gonyosoma frenatum

In neonates/juveniles, top of head with dark
stripes, upper body may have crossbars (Fig. 3A);
in adults, body without markings (Fig. 3B) and
head occasionally with a stripe mainly extending
posteriorly from the eye; dorsal body scales
smooth or feebly keeled; prefrontals in contact with
supralabials; anal scale divided.

Hebius miyajimae

Nape and dorsal body with a pair of light-
colored longitudinal stripes (Fig. 3C); mid-dorsal
and/or dorsolateral body scales keeled; anal scale
divided.

Hebius sauteri

Body generally without markings (Fig. 3D);
nape occasionally with a light line extending
upward and posteriorly from corner of mouth; mid-
dorsal and dorsolateral body scales keeled; anal
scale divided.

Hebius sp.

Dorsal body without obvious markings
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Fig. 2. Representative images of the dorsal head, anterior body, middle body, and posterior body of potential types of shed skins for
the snake species: (A) Cyclophiops major (not patterned; adult); (B) Daboia siamensis (patterned; adult); (C) Deinagkistrodon acutus
(patterned; adult); (D) Elaphe carinata yonaguniensis (patterned-type I; neonate); (E) E. c. yonaguniensis (patterned-type [; juvenile); (F)
E. c. yonaguniensis (patterned-type Il; adult); (G) E. taeniurus friesi (patterned-type I; juvenile); (H) E. t. friesi (patterned-type Il; adult); (1)
Euprepiophis mandarinus (patterned-type |; adult); (J) E. mandarinus (patterned-type Il; adult). Scale bar = 0.5 cm.
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(Fig. 3E) or occasionally with light cross lines
anteriorly; nape with a light line extending upward
and posteriorly from corner of mouth; mid-dorsal
and dorsolateral body scales keeled; anal scale
divided.

Hypsiscopus plumbea

Whole body without markings (Fig. 3F); body
scales smooth; head with only one internasal
scale; anal scale divided.

Indotyphlops braminus

Body very small (diameter less than 5 mm)
and without designs; tail quite short, ending in a
spine; scales all around body similar in size and
smooth (Fig. 3G).

Laticauda colubrina

Body with bands that are narrower than
interspaces (Fig. 3H); tail laterally compressed;
body scales smooth; upper head distinctly marked;
head with 3 prefrontals and no loreals, while the
2nd chin shields not in contact with the infralabials;
anal scale divided.

Laticauda laticaudata

Body with bands of similar width to
interspaces (Fig. 3I); tail laterally compressed;
body scales smooth; upper head distinctly marked;
head with 2 prefrontals and no loreals, while the
2nd chin shields not in contact with the infralabials;
anal scale divided.

Laticauda semifasciata

Body with bands that are broadest at vertebral
line, tapering off laterally (Fig. 3J); tail laterally
compressed; body scales smooth; ventral scales
on posterior half to two-thirds of body keeled;
ventral scales on poseterior one-third of body
notched in central region of posterior margin; upper
head distinctly marked; head with 3 prefrontals and
no loreals, while the 2nd chin shields not in contact
with the infralabials; anal scale divided.

Lycodon rufozonatus rufozonatus
Back of upper head may have a light-

colored “/\” configuration; dorsal body of neonates,
juveniles, and 26% of adults with dark or gray
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cross bands (Fig. 4A), while that of other adults
without markings (Fig. 4B); body scales smooth;
anal scale entire.

Lycodon ruhstrati ruhstrati

Back of upper head with or without a light
band; dorsal body of neonates, juveniles, and 50%
of adults with dark or grey cross bands (Fig. 4C),
while that of other adults without markings (Fig.
4D); usually greater than 6 rows of body scales (on
the flanks) smooth and others feebly keeled; anal
scale entire.

Macropisthodon rudis rudis

Dorsal body of neonates/juveniles and 60% of
adults with blotches or markings, variable in size,
shape, and intensity of pigmentation (Fig. 4E),
while that of other adults without obvious markings
(Fig. 4F); upper head light brown in neonates/
juveniles or dark dirty brown in adults, may have a
stripe extending posteriorly from the eye; sides of
upper head light-colored; sides of ventrals of adults
may be darkened; all dorsal body scales strongly
keeled, keels darkened in adults; temporals keeled
and spectacle separated from supralabials by
suboculars; anal scale divided.

Myrrophis chinensis

Nape with a vertebral stripe; in neonates/
juveniles, upper body may have scattered dark
spots, lateral body with an obvious longitudinal
band of light color, involving first to fourth scale
rows (Fig. 4G; type |); in adults, upper body may
have scattered dark spots (Fig. 4H; type Il) or a
faint longitudinal band of light color on the lateral
body (Fig. 4l; type Il); body scales smooth; head
with only one internasal scale; anal scale divided.

Naja atra

Upper body without markings (Fig. 4J) or
with irregular or scattered crosslines of light color;
nape may have a spectacle-like mark (Figs. 5A, B);
upper body of 15% of neonates/juveniles and 96%
of adults darkened; ventrals without dark color in
neonates/juveniles (Fig. 4J and Fig. 5A; type 1),
but generally darkened and mottled with white in
adults (Fig. 5B; type Il); body scales smooth and
dorsolateral scales strongly oblique; vertebral
scales much smaller than lateral scales; loreals
absent and temporals larger than nuchal scales;
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Fig. 3. Representative images of the dorsal head, anterior body, middle body, and posterior body of potential types of shed skins for the
snake species: (A) Gonyosoma frenatum (patterned; juvenile); (B) G. frenatum (not patterned; adult); (C) Hebius miyajimae (patterned;
adult); (D) H. sauteri (not patterned; adult); (E) Hebius sp. (not-patterned; juvenile); (F) Hypsiscopus plumbea (not patterned; adult);
(G) Indotyphlops braminus (not patterned, with only part of head; adult); (H) Laticauda colubrina (patterned; adult); (1) L. /aticaudata
(patterned; adult); (J) L. semifasciata (patterned; adult). Scale bar = 0.5 cm, except for (G), where the scale bar = 0.1 cm.
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Fig. 4. Representative images of the dorsal head, anterior body, middle body, and posterior body of potential types of shed skins
for the snake species: (A) Lycodon rufozonatus rufozonatus (patterned; neonate); (B) L. r. rufozonatus (not patterned; adult); (C) L.
ruhstrati ruhstrati (patterned; adult); (D) L. r. ruhstrati (not patterned; adult); (E) Macropisthodon rudis rudis (patterned; juvenile); (F) M. r.
rudis (not patterned; adult); (G) Myrrophis chinensis (type I; juvenile); (H) M. chinensis (type Il; adult); (I) M. chinensis (type II; adult); (J)
Naja atra (type |; juvenile). Scale bar = 0.5 cm.
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anal scale generally entire.
Oligodon chinensis

Upper body with a series of cross bars that
are broader on the back than on the sides (Fig.
5C; type 1); each cross bar having a light-colored
center in adults (leftmost image in Fig. 5C; type Il);
dorsal head may have symmetrical brown designs,
including a forward-pointing dark chevron at the
back of the head; body scales smooth; anal scale
entire.

Oligodon formosanus

Upper body with a series of paired spots along
the vertebral line (Fig. 5D; type 1) in neonates, or
with longitudinal stripes and occasionally cross
bands (Figs. 5E, F; type Il) in juveniles or adults;
dorsal head usually with symmetrical brown
designs, including forward-pointing dark chevrons
at the back of the head; body scales smooth; anal
scale entire.

Oligodon ornatus

Dorsal body with longitudinal stripes (Fig.
5G); dorsal head usually with symmetrical brown
designs, including forward-pointing dark chevrons
at the back of the head; body scales smooth;
prefrontals in contact with supralabials; anal scale
divided.

Oreocryptophis porphyraceus kawakamii

Upper body of neonates/juveniles with
prominent brown bands and occasionally
longitudinal lines (Fig. 5H; type 1), while upper body
of adults with a pair of brown longitudinal lines and
occasionally faint transverse bands or lines (Fig.
5I; type Il); dorsal head with three distinct dark
longitudinal stripes, including one middle stripe and
two lateral stripes extending posteriorly from the
eyes (Figs. 5H, 1); body scales smooth; anal scale
divided.

Ovophis makazayazaya

Upper body of 70% of adults with a mid-dorsal
series of diffuse and irregular dark cross bands,
and a faint, spotted pattern laterally (Fig. 5J), while
that of other adults not patterned (Fig. 6A); upper
head generally with a dark, thick band extending
from eye to corner of mouth; body scales smooth
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or occasionally feebly keeled around the vertebral
line posteriorly; upper head covered only with small
scales (except supraoculars); anal scale entire.

Pareas atayal

Body without markings, or occasionally
with irregular ladder-shaped markings dorsally;
dorsal body with 3-9 keeled scale rows before
vent (Fig. 6B); vertebral scales slightly larger than
neighboring dorsal scales; head without mental
groove and with one slender subocular; anal scale
entire.

Pareas formosensis

Body generally without markings; body scales
smooth (Fig. 6C); vertebral scales slightly larger
than neighboring dorsal scales; head without
mental groove and with one slender subocular;
anal scale entire.

Pareas komaii

Body generally without markings; dorsal body
with 9-13 keeled scale rows before vent (Fig. 6D);
vertebral scales slightly larger than neighboring
dorsal scales; head without mental groove and
with one slender subocular; anal scale entire.

Plagiopholis styani

Upper body without markings or occasionally
mottled; nape with a grayish or dark crossband (Fig.
6E); body scales smooth; loreal scales absent;
anal scale entire.

Protobothrops mucrosquamatus

Upper body with a mid-dorsal series of
dark, alternating, connected half-blotches, and
a separate lateral blotch on each side of body
tending to be in line with the mid-dorsal blotch on
that side (Fig. 6F); head usually with a narrow, dark
stripe extending posteriorly from the eye (Fig. 6F);
body scales (heavily) keeled; upper head covered
only with small scales (except for supraoculars)
and with more than 10 scales between the
supraoculars; anal scale entire.

Psammodynastes pulverulentus papenfussi

Upper body without markings or occasionally
mottled or even with stripes; dorsal head with
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Fig. 5. Representative images of the dorsal head, anterior body, middle body, and posterior body of potential types of shed skins for the
snake species: (A) Naja atra (type |; juvenile); (B) N. atra (type Il; juvenile); (C) Oligodon chinensis (patterned-type |; juvenile; note that
the leftmost panel [as patterned-type Il] was from the posterior body region of an adult); (D) O. formosanus (patterned-type |; neonate);
(E) O. formosanus (patterned-type Il; adult); (F) O. formosanus (patterned-type Il; adult; Orchid Is.); (G) O. ornatus (patterned; adult);
(H) Oreocryptophis porphyraceus kawakamii (patterned-type I; juvenile); (I) O. p. kawakamii (patterned-type Il; adult); (J) Ovophis
makazayazaya (patterned; adult). Scale bar = 0.5 cm.
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Fig. 6. Representative images of the dorsal head, anterior body, middle body, and posterior body of potential types of shed skins for
the snake species: (A) Ovophis makazayazaya (not patterned; adult); (B) Pareas atayal (not patterned; adult); (C) P. formosensis (not
patterned; adult); (D) P. komaii (not patterned; adult); (E) Plagiopholis styani (patterned; adult); (F) Protobothrops mucrosquamatus

(patterned; adult); (G) Psammodynastes pulverulentus papenfussi (patterned; adult); (H) Pseudoxenodon stejnegeri stejnegeri
(patterned; adult); (1) P. s. stejnegeri (not patterned; adult); (J) Ptyas dhumnades (patterned-type I; juvenile). Scale bar = 0.5 cm.
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longitudinal configuration of dark wavy “Y” shapes
(Fig. 6G); head with three pairs of chin shields;
body scales smooth; anal scale entire.

Pseudoxenodon stejnegeri stejnegeri

Upper body with (alternating) squarish
blotches or striped markings (Fig. 6H), or not
patterned (Fig. 61); a stripe extending posteriorly
from eye or a chevron on nape with its apex
pointing toward the head occasionally present;
ventrals on anterior part of body usually with dark
spots; upper body scales keeled and dorsolateral
body scales strongly oblique, at least on anterior
body; anal scale divided.

Ptyas dhumnades

Upper body with pair(s) of dark stripes from
neck to tail (Fig. 6J; type 1) in the young, which
fade on the posterior body (Fig. 7A; type Il) in
adults; sides of ventrals in adults may be gray
tinted; dorsal body scales in even-numbered rows;
body scales keeled around the vertebral line and
the keels darkened; anal scale divided.

Ptyas korros

Upper body of neonates/juveniles may have
transverse rows of light spots across the anterior
body (Fig. 7B); upper body of adults without
markings (Fig. 7C), the tips of scales on the
posterior body may be darkened; sides of ventrals
of adults may be gray tinted; upper body scales
smooth or feebly keeled posteriorly; each side of
head with 2-4 loreal scales; anal scale divided.

Ptyas mucosa

In neonates/juveniles, anterior upper body
with faint, light cross lines, and posterior upper
body with dark cross bands or lines (Fig. 7D; type
1); in adults, posterior upper body with longitudinal
intermittent lines of darkened scale keels, and
sides of ventrals darkened (Fig. 7E; type Il);
posterior body scales keeled around the vertebral
line, and the keels darkened in adults; each side of
head with 2-5 loreal scales; anal scale divided.

Python bivittatus bivittatus
Body with many large brown blotches;

head with a large, light-colored “A” configuration
consisting of a pair of stripes each extending from
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the temporal region, through the eye, and to the
nose (Fig. 7F); anterior body scales in greater than
50 rows; ventrals small and width only about two
times that of the neighboring dorsal scale; body
scales smooth; anal scale entire.

Rhabdophis formosanus

Upper body with a checkered appearance
(Fig. 7G); nape with a light, anteriorly curved cross
band, with a brown cross band adjoining in the
front and rear; sides of ventrals may be darkened
(Fig. 7G); upper body scales keeled, except for
the outermost row and the four scale rows lateral
to vertebral scales over nuchal glands; anal scale
divided.

Rhabdophis swinhonis

Upper body without markings or occasionally
mottled, except that nape has a dark chevron
whose apex points toward the body, and anterior to
which is a lighter area (Fig. 7H); upper body scales
keeled, except for the outer two rows and the nape
scales; anal scale divided.

Sibynophis chinensis chinensis

Uupper body without markings, except that
nape has a dark collar bordered posteriorly by a
light stripe (Fig. 71); dorsal head dark except for
the supralabials; body scales smooth; anal scale
divided.

Sinomicrurus hatori

Dorsal body with a dark mid-dorsal stripe (Fig.
7J); dorsal head with an unpigmented crossband
behind eyes; loreal scales absent, prefrontals not
in contact with supralabials; body scales smooth;
anal scale divided.

Sinomicrurus macclellandi swinhoei

Dorsal body with a series of narrow cross
bands (Fig. 8A); dorsal head with an unpigmented,
broad crossband behind the eyes; loreal scales
absent, prefrontals not in contact with supralabials;
body scales smooth; anal scale divided.

Sinomicrurus sauteri

Dorsal body with a dark mid-dorsal stripe (Fig.
8B); dorsal head with an unpigmented crossband
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Fig. 7. Representative images of the dorsal head, anterior body, middle body, and posterior body of potential types of shed skins
for the snake species: (A) Ptyas dhumnades (patterned-type II; adult); (B) P. korros (patterned; juvenile; note the faint, light scales
arranged in a transverse row on the anterior body); (C) P. korros (not patterned; adult); (D) P. mucosa (patterned-type I; juvenile); (E) P.
mucosa (patterned-type Il; adult); (F) Python bivittatus bivittatus (patterned; adult); (G) Rhabdophis formosanus (patterned; adult); (H) R.
swinhonis (patterned; adult); (I) Sibynophis chinensis chinensis (patterned; adult); (J) Sinomicrurus hatori (patterned; adult). Scale bar =
0.5cm.
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behind eyes; loreal scales absent, prefrontals not
in contact with supralabials; body scales smooth;
anal scale divided.

Sinonatrix annularis

Dorsal body with crossbands (Fig. 8C) or
without markings (Fig. 8D); dorsal body scales
feebly keeled in neonates or keeled in juveniles
and adults, except those on the flanks (outer 1-2
rows of scales); internasals triangular and pointed
anteriorly; usually one labial in contact with the
eye; anal scale divided.

Sinonatrix percarinata

Dorsal body with crossbands (Fig. 8E) or
without markings (Fig. 8F); dorsal body scales
feebly keeled in neonates or keeled in juveniles
and adults, except those on the flanks (outer 1-2
rows of scales); internasals triangular and pointed
anteriorly; usually two labials in contact with the
eye; anal scale divided.

Trimeresurus gracilis

Upper body of neonates/juveniles and 87%
of adults brownish with a mid-dorsal series of dark
blotches with lateral blotches on each side tending
to be in line with the mid-dorsal one (Fig. 8G),
while that of other adults without obvious markings
(Fig. 8H); upper head of those with patterned body
generally bearing a dark, thick band extending
from eye to corner of mouth; upper dorsal body
scales (feebly) keeled, except those on the flanks;
upper head covered only with small scales (except
for supraoculars) and with fewer than 9 scales
located between supraoculars; anal scale entire.

Trimeresurus stejnegeri

Whole body light-colored and without
designs; upper dorsal body scales keeled; upper
head covered only with small scales (except
for supraoculars) and with 9-15 scales located
between supraoculars (Fig. 8l); anal scale entire.

Xenochrophis piscator

Whole body without obvious markings;
dorsal body scales feebly keeled, except those
on the flanks (outer 3 rows of scales); internasals
triangular and pointed anteriorly (Fig. 8J); usually
two labials in contact with the eye; anal scale
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divided.

In addition, for convenient and expeditious
identification of complete shed skins of the 53
snake species in Taiwan and adjacent islands, we
provide a key in appendix I.

DISCUSSION

The identification of shed snake skins can
augment data collected for species inventories
(Gray 2002). Investigations of shed skin
patterns could enhance our understanding of
the reproductive, behavioral, and physiological
ecology of snakes, and help structure conservation
strategies (Lillywhite and Sheehy 2016). Both
accurate and precise morphological descriptions of
shed snake skins are critical not only for taxonomic
research, but also for forensic efforts, customs
inspections, and the conservation of species
(Baker 2006). Although the exact rate of decay
for snake sheds in the wild is almost unknown,
snake sheds either are quickly consumed by fungi/
animals or become fragmented and faded. In a
series of field experiments, Gray (2005) found that
10 cm sections of shed skins lasted an average
of 7 days when covered by objects and 11.5 days
in the open; one shed skin section lasted up to 46
days. When a shed is incomplete or faded, it will
have fewer characters identifiable to the naked
eye or from scanned images and the key for shed
shake skins in this study may not be applicable.
Therefore, to accurately identify snake sheds
using the key in this study, one should endeavor
to collect complete shed samples as much as
possible and soon after ecdysis. The sheds of the
53 species of snakes in this study can be identified
using the guide or the key, although it was not easy
to differentiate between H. sauteri and Hebius sp.,
S. hatori and S. sauteri, or even S. percarinata and
X. piscator. The differences between S. hatori and
S. sauteri are minor even on the actual skins and
their external morphology is similar to S. japonicus
boettgeri, which is distributed on several islands
of the Ryukyu Archipelago, Japan (Ota et al.
1999; Mochida et al. 2015; Kaito et al. 2017); the
body coloration of this species probably works as
crypsis through background matching or disruptive
camouflage rather than aposematism (Mochida et
al. 2015). The differences between shed skins of
Sinomicrurus snakes in Taiwan and on the Ryukyu
Islands could be the presence or absence of a
transverse light band on the head, the number
of longitudinal stripes on the dorsal body, or the
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Fig. 8. Representative images of the dorsal head, anterior body, middle body, and posterior body of potential types of shed skins for
the snake species: (A) S. macclellandi swinhoei (patterned; adult); (B) S. sauteri (patterned; adult); (C) Sinonatrix annularis (patterned;
neonate); (D) S. annularis (not patterned; adult); (E) S. percarinata (patterned; juvenile); (F) S. percarinata (not patterned; adult); (G)
Trimeresurus gracilis (patterned; adult); (H) T. gracilis (not patterned; adult); (I) T. stejnegeri (not patterned; adult); (J) Xenochrophis
piscator (not patterned; adult). Scale bar = 0.5 cm.
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number and extent of transverse bands on the
dorsal body. In addition, apical pits and an apical
notch on a scale (Chiasson 1981; Chiasson and
Lowe 1989; Gray 2002 2012 2015) could partly be
examined from the scanned images, but examining
such characters in neonates or some species (e.g.,
L. r. rufozonatus, L. r. ruhstrati, or P. mucosa) might
be difficult and require the use of a microscope.
When shed skins are incomplete and/or their
markings have faded, species identification may
instead depend on examination of micro-structure
morphology on the surface of scales using light
microscopy or scanning electron microscopy (Tsai
et al. unpublished data). It has been shown that the
microdermatoglyphic patterns of the dorsal scales
are species-specific (e.g., Price 1982; Wang and
Zhou 1998) and the scales of the original animals
and sloughs of the same species showed identical
microdermatoglyphic characters (Wang and Zhou
1998). Nevertheless, scanning electron microscopy
may be expensive and of limited availability for
some identifiers. In this study we develop a more
convenient identification method, requiring only the
naked eye or scanned images, which could easily
be used in a snake inventory by a local school or
other organization or by citizen scientists (Todd et
al. 2017).

Ontogenetic differences and intraspecific
variation in shed patterns were evident in about
23 snake species in this study. Gray (2002)
mentioned that pattern is usually less visible on
the sheds of younger snakes. We found that the
markings on the shed skins of young snakes
tended to be lighter than those on the shed skins
of patterned adult individuals of the same species,
such as D. siamensis, P. mucrosquamatus, P.
b. bivittatus, and R. swinhonis. However, we
also found that the proportion of young snakes
with patterned shed skins was larger than that
of adults, corresponding to ontogenetic loss of
pattern in some individuals of species such as B.
m. multicinctus, L. r. rufozonatus, L. r. ruhstrati, M.
r. rudis, M. chinensis, S. annularis, S. percarinata,
and T. gracilis. Ontogenetic differences in the
distribution of melanocytes (Krey and Farajallah
2013), the quantity of melanin deposition in the
skin tissues, and the growth and development
of skin are likely underyling causes of the above
trends. In addition, although we did not collect the
sheds from young individuals of 22 snake species,
this should not reduce the applicability of the key
developed in this study. The patterns on the sheds
of most young snakes could be inferred when
conspecific adults have patterned sheds, because
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most ontogenetic shifts in snake patterns primarily
involve a loss in pattern clarity. Most of the above
22 snake species (except Achalinus spp., I.
braminus, C. p. pavimentata, and Pareas spp.) had
patterned sheds as adults and should also have
patterned sheds in young snakes, while the shed
skins from young snakes of Achalinus spp. and /.
braminus should not be patterned because these
snakes have no patterns on their actual body.
Moreover, we did not find distinct geographical
variation in the patterns visible on shed skins. It
has been shown that O. formosanus from different
regions of Taiwan, Green Is. or Orchid Is. may
have polymorphic markings or colorations on their
body (https://goo.gl/WjsW2H), but a similar striped
pattern was visible on the dorsal body of sheds of
this species from above sites, with only occasional
variation in the markings on the head (Figs. 5E, F).
The distinct sexual dimorphism of T. stejnegeri’s
actual skin color (Tsai and Tu 1998; Zhao 2006)
was not visible in their sheds.

Many markings on the actual skins were not
visible on the shed skins. In appendix table A2, we
summarize the visibility of markings on the actual
and shed skin of all 53 species of snakes in this
study, separated by body region. We found that
most of these snake species have markings on the
dorsal side of their actual body (81% of species
with markings on the head, 91% on the body, and
91% on the tail); in contrast, markings were visible
on the shed skins of only 55% (dorsal head), 75%
(dorsal body), and 68% (dorsal tail). Fewer species
have markings on ventral side of the actual body
(43% on the ventral head, 75% on the ventral
body, and 77% on the ventral tail), and even fewer
have markings on the ventral side of the shed
skins (6% ventral head; 17% ventral body; 19%
ventral tail). Thus, 67% of snake species with
markings on the actual skin of the dorsal head,
83% with markings on the dorsal body, and 75%
with markings on the dorsal tail also had some
markings on their shed skins, whereas only 13%
(ventral head), 23% (ventral body), and 24%
(ventral tail) of snake species with markings on
the ventral side also had some markings on the
sheds. The degree of retention for the markings
on the ventral side of the body (especially on the
ventral side of the head) during sloughing was
much lower than that on the dorsal side. Pattern
retention in shed snake skins is due to deposition
of melanin from epidermal melanophores. It can
be hypothesized that there is a lack or reduction in
epidermal melanophores in the ventral epidermis.
The causes of these differences and their potential
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biological significance, if any, remain to be investi-
gated in future studies.

The sheds of some species bear distinct
traits that are useful for species identification. For
example, 1) the sheds of many viperids (such as D.
siamensis, D. acutus, P. mucrosquamatus, and T.
gracilis) and sea snakes (such as L. colubrina and
L. laticaudata) had deeply darkened, apparent, and
unfaded patterns even on adults; 2) the sheds of
some species (such as E. t. friesi, O. p. kawakamii,
P. p. papenfussi, P. b. bivittatus, S. c. chinensis,
and Sinomicrurus spp.) had distinctive markings
on the head; 3) the sheds of some species
(such as E. mandarinus, O. chinensis, and R.
formosanus) had unique markings on the body; 4)
the sheds of some species (such as B. kraepelini,
B. m. multicinctus, M. r. rudis, N. atra, and Pareas
spp.) had special scutellation on the head or
body; 5) the sheds of some species (such as E. c.
yonaguniensis, E. mandarinus, M. r. rudis, N. atra,
P. s. stejnegeri, Ptyas spp., and R. formosanus)
sometimes had darkened markings on the sides
of ventrals, which could be a good character for
species identification. In addition, the geographic
location and habitat where sheds are found in the
wild could also be used as auxiliary information
for species identification (Gray 2012 2015). Mainly
according to Shang et al. (2009), we listed the
geographical distribution of the 53 species in
Taiwan and the adjacent islands in table 1 to help
make shed identification faster and more accurate.
Also, ventral scales and smooth (or feebly keeled)
dorsal scales on the shed skins of most species in
this study may produce iridescence when observed
at a certain angle through the light, except for
those of I. braminus, Laticauda spp., and/or P. b.
bivittatus. Therefore, checking for the presence of
iridescence (see also Monroe and Monroe 1967;
Verveen and Rouwkema 2007) on shed skins
might also be considered an applicable method for
species identification.

CONCLUSIONS

A shed snake skin found during a field survey
can provide much useful information. Investigations
on the use of shed skins for species identification
can advance our understanding of the geographic
distribution, activity patterns, and reproductive,
behavioral, and physiological ecology of snakes,
with important implications for conservation. In
this study, we present a pioneering guide to the
identification of local snake sheds in Taiwan, which
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may also be useful in other parts of Asia. The
sheds of almost all species can be identified to the
naked eye or from scanned images if a complete
shed is collected. The key features used include
the patterns on sheds and scale morphology.
Ontogenetic differences and intraspecific variation
in the patterns on the sheds were evident in some
snake species, and the proportion of young snakes
with patterned shed skins was higher than that of
adults. The degree of retention for the markings
on the ventral side of body (especially the ventral
head) during sloughing was much lower than that
on the dorsal side. We hope this pioneer work will
not only encourage other researchers to develop
similar keys for their country, but also promote
local schools, organizations, and citizen scientists
to conduct snake inventories.
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Appendix I. Key to the complete shed skins of
53 snake species in Taiwan and adjacent islands.
(download)

Appendix Table A1. The catalogue numbers of
shed vouchers for 53 species of snakes. See the
text for detailed descriptions on the classification of
body patterns. (download)

Appendix Table A2. Comparisons of the actual
skin and shed skin in 53 snakes bearing banding,
stripes, spots, or other markings on dorsal/
ventral head, body, and tail. Cases with markings
are denoted by a check mark and those with
some exceptions are denoted by a checkmark in
parentheses. Note that “Y” means neonates or
juveniles and “A” means adults. The counts and
ratios are listed at the end of the table. (download)
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