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Evolution of the nuchal glands in snakes: Synthesis from morphology, ethology and ph
ysiology
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Nucho-dorsal glands are unique organs that have been reported in only 15 species o
f snakes. Rhabdophis tigrinus, one of the species that have the glands, eats toads, which have toxic skin
secretions, and sequesteres the toxins to store in its glands. This species also shows peculiar defensive
displays that enhance the effectiveness of the toxins for predator avoidance.

I clarified phylogenetic relationships among species that have the nucho-dorsal glands and related spe
cies, and inferred the evolutionary process of the defensive system depending on the glands, which involve
s a suite of correlated features of morphology, physiology, behavior, and ecology. In addition, the obtain
ed phylogenetic tree suggested that the evolutionary loss of the glands have independently occurred twice,

for which 1 proposed a hypothesis of the evolutionary factors that have caused the loss of the glands.

&#8226;



1935
3
9
3000
3 ( Rhabdophis
Macropisthodon,
Balanophis 15

DNA

DNA

DNA

99

DNA
DNA
b DNA c-mos
11 10
1
3

DNA



Rhabdophis swinhonis
R. chrysargos

' 4 r— R. tigrinus
01 d )
9 R. lateralis

R. formosanus

R. chrysargos
R. subminiatus
100
R. subminiatus

R. subminiatus

R. subminiatus
— N9 L R. subminiatus
100 { R. swinhonis
9l E R. swinhonis
R. swinhonis

100 | R. pentasupralabialis

78|
LR pentasupralabialis

74 R. nuchalis

& 100 ' R. nuchalis

— R. nigrocinctus

98 - R. nigrocinctus

EEEEEEN(] /[ S EEEE'EEN

KC347474 Balanophis ceylonensis

2 . m

R. nuchalis group
Macropisthodon plumbicolor

R. nuchalis
R. pentasupralabialis

DNA

Macropisthodon rudis

2. Rhabdophis nuchalis

3. Macropisthodon
plumbicolor



2 R. nuchalis

R. pentasupralabialis

BHR
DEHE

R. tigrinus

R. lateralis

R. formosanus

R. chrysargos

R. subminiatus

R. swinhonis

R. nuchalis

R. pentasubralabialis
R.nigrocinctus

A BROER B:HRORK

HY)
HY)
HY)
mL
&Y
wL
HY)
HY
&Y

C: I XBRNDZE{L D : RERDEL

4.

HHR
DAIE
BOH  AHAIIVE
BOH  AHAIIVE
BDH  HIIVE

BOH HIIVE
ZES"S

B2k XMW
BOH HIIVE

Rhabdophis

6
Kojima, Y. and A. Mori. 2014. Home range
and movements of Rhabdophis tigrinus in
a mountain habitat of Kyoto, Japan.
Current Herpetology 33(1): 8-20. DOI
10.5358/hsj.33.8

Hutchinson, D. A., A. H. Savitzky, G.
M. Burghardt, C. Nguyen, J. Meinwald, F.
C. Schroeder, and A. Mori. 2013.
Chemical defense of an Asian snake
reflects local availability of toxic
prey and hatchling diet. Journal of
Zoology. 289(4): 270-278. DOl
10.1111/§z0.12004

Hutchinson, D. A., A. H. Savitzky, A.
Mori, G. M. Burghardt, J. Meinwald, and
F. C. Schroeder. 2012. Chemical
investigations of defensive steroid
sequestration by the Asian snake
Rhabdophis tigrinus. Chemoecology 22:
199-206.D01 10.1007/s00049-011-0078-2

Mori, A., G. M. Burghardt, A. H.
Savitzky, K. A. Roberts, D. A.
Hutchinson, and R. C. Goris. 2012.
Nuchal glands: A novel defensive system
in snakes. Chemoecology 22:187-198. DOI
10.1007/s00049-011-0086-2

Savitzky, A. H., A. Mori, D. A.
Hutchinson, R. A. Saporito, G. M.
Burghardt, H. B. Lillywhite, and J.
Meinwald. 2012. Sequestered defensive
toxins in tetrapod vertebrates:
principles, patterns, and prospects for
future studies. Chemoecology 22: 141-
158. DOl 10.1007/s00049-012-0112-z

Takeuchi, H. and A. Mori. 2012.
Antipredator displays and prey chemical
preference of an Asian natricine snake,
Macropisthodon rudis (Squamata:
Colubridae). Current Herpetology
31(1): 47-53. DOl 10.5358/hsj.31.47



15

Takeuchi, H. and A. Mori. Evolution of
the nuchal glands and their related
behaviors based on a molecular phylogeny
of the Asian natricine snakes
(Serpentes: Colubridae). International
Symposium  for  Biodiversity and
Evolution Project of Excellent Graduate
Schools. 2013 12 13

., I— R
52
.2013 11 2
Takeuchi H. and A. Mori. Evolution of

nuchal glands based on molecular
phylogenetic approach. The 6th Snake
Ecology Group Meeting. 2013 6 22

Mori, A. Evolutionary relationships
between snakes and amphibians: A snake
utilizing toads not only for food but
also for defense. The 5th Asian
Herpetological Conference. 2012 6
2 . Eighteen Steps Island Hotel.

Kojima, Y. and A. Mori. Do female
Japanese water snakes forage for toads
to protect their offspring with toxins?
Joint Meeting of the Animal Behavior
Society and the International
Ethological Conference. 2011 7 28

Kojima,Y. and A. Mori. Seasonal change
and sexual difference in habitat use of
a Japanese snake Rhabdophis tigrinus:
Does the necessity for toxins lead
females to the forest? Joint Meeting of
the Ichthyologists and Herpetologists.
2011 7 9

2011 4
25

2012.

. 237pp. & 234pp.-

@
Akira Mori
AR R PR ER AR TERL - HEZ 2

80271005

@
Michihisa Toriba
40109856

A

Hirohiko Takeuchi
TR R R - R A K2

Yosuke Kojima
FHR S REEBEH I IER - R A R

©)
Alan H. Savitzky
T AY T BINSLRTF Edz

Yezhong Tang
PIE - BB AT SRR - %

Li Ding
P E - B A AT SERT -

Tein-shun Tsai
K- BT

Tao Thien Nguyen
A~ b J ALE S B AR WA - BFTE R

Indraneil Das
< L — T KRR A Hh%

Anslem de Silva
AN Z U H TV x T X RE R

Dharshani Mahaulpatha
AYZG U R T XY UK T T TR
R & ]



