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Amphibian synapomorphies

ASKin

Arespiration Mucous Gland With Duct
Granular Gland
Amucous glands Stratum corneum

Apoison glands
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AMPHIBIAN SKIN
(Patt &. Patt. 1969. Comparative Vertebrate Histology. Harper & Row
Publ., New York.)




Proc. Natl. Acad. Sci. USA
Vol. 92, pp. 9-13, January 1995
Colloquium Paper

This paper was presented at a colloquium entitled “Chemical Ecology: The Chemistry of Biotic Interaction,” organized
by a committee chaired by Jerrold Meinwald and Thomas Eisner, held March 25 and 26, 1994, at the National
Academy of Sciences, Washington, DC.

The chemistry of poisons in amphibian skin

JOHN W. DALY

Laboratory of Bioorganic Chemistry, National Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health, Bethesda, MD 20892

Table 1. Occurrence of lipid-soluble alkaloids in amphibians

Family and PTX-A class Izidine alkaloid
genus SAM BTX HTX PTX aPTX hPTX DHQ 3,5-P 3,5-1 5,8-1 1,4-Q Epi Pseudophry

Salamandridae

Salamandra + - - - - - - - - - - - _
Dendrobatidae

Phyllobates - + + - - - + — + - - - -

Dendrobates - - + + + + + + + + + - -

Epipedobates - - + + + - + - - + + + —

Minyobates - - - + + - + - - + + - -
Mantellidae

Mantella - - - + + + + + + + + - -
Myobatrachidae

Pseudophryne - - - + + - - - - - - - +
Bufonidae

Melanophryniscus — - - + + + + + + + + - -

SAM, samandarines; BTX, batrachotoxins; HTX, histrionicotoxins; PTX, pumiliotoxins; aPTX, allopumiliotoxins; hPTX, homopumiliotoxins;
DHQ, 2,5-disubstituted decahydroquinolines; 3,5-P, 3,5-disubstituted pyrrolizidines; 3,5-1 and 5,8-1, disubstituted indolizidines; 1,4-Q, 1,4-
disubstituted quinolizidines; Epi, epibatidine; Pseudophry, pseudophrynamines. With the exception of 3,5-P and 3,5-1, these alkaloids are not known
to occur in arthropods (see text). Histrionicotoxins may occur in Minyobates and Mantella, but the evidence is not conclusive.



Amphibian synapomorphies

ASKin

Arespiration
Amucous glands
Apoison glands

Abiphasic lifestyle




Amphibian synapomorphies

AS k| N Opercular

muscle

Arespiration Operculum oremels
Amucous glands
Apoison glands

Abiphasic lifestyle
Asecond hearing system
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Amphibian synapomorphies

A Skin
A respiration
A mucous glands
A poison glands

A biphasic lifestyle
A second hearing system
A short ribs

A four digits on hand




Amphibian synapomorphies

A Skin
A respiration
A mucous glands
A poison glands

A biphasic lifestyle

A second hearing system

A short ribs

A four digits on hand

A retractor/levator bulbi muscle
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Eye Movements in Frogs and Salamanders—Testing the Palatal Buccal Pump Hypothesis

F Witzmann,! E L Brainerd,?2 and N Konow?
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Amphibian characteristics

A population declines
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The International Union for Conservation of Nature (IUCN) is a membership Union uniquely composed of both
government and civil society organisations. By harnessing the experience, resources and reach of its more than 1,600
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nature reviews biodiversity https://doi.org/10.1038/s44358-025-00101-5

Review article M| Check for updates

Conservation priorities for
global amphibian biodiversity

Amaél Borzée ®'>*| |, Vishal Kumar Prasad"**?, Kelsey Neam*>?, Jeanne Tarrant®’, Tiffany A. Kosch®?,
Izabela M. Barata?®'°, Muhammad Rais?", David Bickford', Luis Fernando Marin da Fonte*"*', Jonathan Wilcken',
Deyatima Ghosh'®, Mapendo Mindje™?, Hiral Naik'?°, Janice Chanson ®**** & Sally Wren ®>*'*

Abstract Sections
Amphibians are the most threatened vertebrate group on Earth, with Introduction
41% of species classified as globally threatened. In this Review, we Threats and conservation

Threatened (encompasses CR, EN, and VU)
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Chytridiomycosis
BatrachochytriunilendrobatidigBd)

Amphibian decline: 4-6 months
>50% species extirpated

o
Remaining species at 20% . Q
Recovery time >15 yrs “ B _ d
fduts froem Ligs o ol 2003 Cors. Siof 17 1078-3008) z -
 Figure 1. Lips etal 2006. PNAS ;




Relationships of the amphibian clades

- ©
5 = IS
‘= Q <
c o3 < =y i
T o g ] g o ©
© 3 c < - = = g, o
> > & = o c - >
S S = < c > 0) S I
< O Q) O < 0
Morphology
(e.g., Duellman and
Trueb, 1986)




Molecular evidence shakes up the amphibian tree

Phylogenetic Relationships of Amphibian Families Inferred from DNA
Sequences of Mitochondrial 12S and 16S Ribosomal RNA Genes

Jennifer M. Hay, Ilya Ruvinsky, S. Blair Hedges, and Linda R. Maxson'

Department of Biology and Institute of Molecular Evolutionary Genetics, The Pennsylvania State University
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Mitogenomic Perspectives on the Origin and Phylogeny of Living Amphibians

w Full mitochondrial genomes

¢ (~15000 bp)

w Parsimony (MP), distance (NJ),
and Bayesian (BA) analyses

PEMNG ZHANG, HUI ZHOU, YUE-QIN CHEN, YI-FEI L1U, AND Lianc-Hu QU

Eey Labonatory of Gene Engineering of the Ministry of Education, Biotechnology Research Center, Zhongshan University, Guangzhou 510275,
P E. China; E-mai: Ishro0d@zau edu.cn (L.-H. Q.)

Gymnophiona

g g
B 5
3 <
Morphology
(e.g., Duellman and
Trueb, 1986)

Kalouia
0.1 substitutions per site J _I Microhyla -
Polypedates g
& | Anura
z
|Cr}rpmb1'annho|.dﬂ
Caudata
| Gymnophiona
i Alligator
| |
Amniota
~— Bog
L Homo
Profoptarus
a b [ d g h i i k | m
MP £D 75 1| 100 a1 99 99 |00 100 100 100
Ml 97 G5 97 100 99 99 100 100 100 100 99
BA 100 100 100 (0D 100 100 100 100 100 100 109

2005




Syst. Biol. 70(1):49-66, 2021

© The Author(s) 2020. Published by Oxford University Press on behalf of the Society of Systematic Biologists. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http:/ /creativecommons.org/licenses/by /4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided

the original work is properly cited.

DOI:10.1093 /sysbio/ syaa(34

Advance Access publication June 30, 2020

Phylogenomics Reveals Ancient Gene Tree Discordance in the Amphibian Tree of Life

PauL M. HMEL 2%t AraN R, LEMMON®*T, EMiry C. MORIARTY LEMMON?, ELIZABETH PRENDINT®, JEREMY M. BROWN?,
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w Salamander characteristics
w Salamander diversity




Caudatanodebased name for salamanders
Urodela stembased name for salamanders
10 Families
845 species

Species

>=30
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Salamander characteristics

ATailed, most with four limbs of approximately equal length,
four digits on front limbs, five digits on hindlimbs

A Aquatic, terrestrial/fossorial, arboreal
ABreathe through lungs, gills, and/or skin
A Sprawling gait




A oss of limbs fSprawling gait

ATail reduced A ong tail

ylindrical body ﬁHindIim = forelimbs

AJpright posture
A oss of tall
Aindlimbs > forelimbs

Sprawling gait
A ong tail
Adindlimbs = forelimbs




Salamander characteristics

ATailed, most with four limbs of approximately equal length,
four digits on front limbs, five digits on hindlimbs

A Aquatic, terrestrial/fossorial, arboreal
ABreathe through lungs, gills, and/or skin
A Sprawling gait
ALarge genome

A15-90 pg (humans: 3 pg)




Ecological constraints associated with
genome size across salamander lineages

Gavia Lertzman-Lepofsky, Ame @. Mooers and Dan A. Greenberg

Department of Biological Sciences, Simon Fraser University, Burnaby, British Columbia, Canada V5A 156
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Salamander characteristics

ATailed, most with four limbs of approximately equal length, four digits
on front limbs, five digits on hindlimbs

A Aquatic, terrestrial/fossorial, arboreal
ABreathe through lungs, gills, and/or skin
A Sprawling gait
ALarge genome

A15-90 pg (humans: 3pg) L
ALimited variation in life cycles, reproductive modés
A Skull: absence of postorbital, supratemporal, 5 N
jugal, supraoccipital, basioccipital, ectopterygoid}
ARegeneration ;







A Comparative Perspective on Brain Regeneration in Amputation
Amphibians and Teleost Fish

Katharina Lust@, Elly M. Tanaka (®

Healing
Research Institute of Molecular Pathology (IMP), Vienna Biocenter (VBC), Vienna, Austria
Received 21 August 2018; revised 20 December 2018; accepted 26 December 2018
Dedifferentiation
©2019. Published by The Company of Biologists Ltd | Development (2019) 146, dev167700. doi:10.1242/dev.167700
PRIMER
Cone stage
Model systems for regeneration: salamanders
Alberto Joven, Ahmed Elewa**$§ and Andras Simon*$§
» stage

CONFERENCE ARTICLE | MAY 22 2014

Mechanisms underlying vertebrate limb regeneration: lessons from the
salamander

Jeremy P. Brockes &5 ; Phillip B. Gates &5 stage
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regeneration
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SCIENCE ADVANCES | RESEARCH ARTICLE

DEVELOPMENTAL BIOLOGY

Acute multidrug delivery via a wearable bioreactor
facilitates long-term limb regeneration and functional
recovery in adult Xenopus laevis

Nirosha J. Murugan'?, Hannah J. Vigran'?, Kelsie A. Miller'2, Annie Golding?®?, Quang L. Pham??3,
Megan M. Sperry ', Cody Rasmussen-lvey'?, Anna W. Kane'**, David L. Kaplan®*?, Michael Levin'*%*
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Salamander reproduction




Salamander reproduction

Alnternal (spermatophore) or external
fertilization

AMost oviparous

AMost breed, lay eggs in water
ALarval stage or direct development
AFew have parental care
AComplex courtship, pheromones

spermatophore



Courtship irAmbystoma talpoideum







Salamander
. . Salamanders: Treasures of the
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Variable characters within Caudata
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Body proportions

External/internal fertilization (w
spermatophore)

Costal grooves
Ribsunicapitatd bicapitate
Chromosome number, amount of DNA
Biphasic or direct development
Viviparity or oviparity
Paedomorphic characters

¢ Gills

¢ Absence of eyelids

¢ Tailfin, webbed feet

>

€ eEEEEE




Y

MORPHOL

metamorphic

larval

E

Paedomorphosis

-

D

immature mature

GONADS

- Paedomorphic

- Biphasic & Paedomorphic
- Biphasic

I:I Biphasic & Direct Development
\:| Direct Development

‘:I Biphasic & Viviparous

O Fossil

S ©,

Desmognathus
Phaeognathus
Aneides
Ensatina
Hydromantes
Karsenia
Plethodon
Hemidactylium
Aquiloeurycea
Isthmura
Ixalotriton
Parvimolge
Pseudoeurycea
Bolitoglossa
Chiropterotriton
Thorius
Bradytriton
Oedipina
Nototriton
Nyctanolis
Cryptotriton
Dendrotriton
Batrachoseps
Eurycea
Urspelerpes
Gyrinophilus
Pseudotriton
Stereochilus
Amphiuma
Rhyacotriton
Necturus
Proteus
Ambystoma
Dicamptodon
Calotriton
Triturus
Neurergus
Ommatotriton
Lissotriton
Cynops
Paramesotriton
Ichthyosaura
Euproctus
Notophthalmus
Taricha
Echinotriton
Tylototriton

- Sintiigrin i
Mertensiella

L

Y dra

dra
Salamandrina
Pseudobranchus
Siren
Batrachuperus
Liua
Pseudohynobius
Hynobius
Pachyhynobius
P

F dactylodon
Ranodon

175 150 125 100 75
millions of years

50

25

o

drella
Onychodactylus
Andrias
Cryptobranchus

Plethodontidae

1 Amphiumidae

1 Rhyacotritonidae
| Proteidae

1 Ambystomatidae
1 Dicamptodontidae

Salamandridae

| Sirenidae

Hynobiidae

| Cryptobranchidae



AmbystomatidaeAmbystoma tigrinum

® John White



Some Ambystoma are obligate paedomorphs
(e.g. A. taylorni)

Some Ambystoma are facultative paedomorphs

(e.g. A. tigrinum)

adult estivation

adult migration and breeding

PHASE

eggs hatch after E— _—
2 to 4 weeks

aquatic larval stage; metamorphosis
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CryptobranchidaeAndrias japonicus







Plethodontidae Bolitoglossalofleini




Tongue projection in Plethodontid salamanders
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Plethodontidae Ensatina

Ensatina eschscholtzil picta
E.e. oregonensis
E.e. platensis
E.e. xanthoptica
E.e. croceater
= F e eschscholtzli
E.e. klauberi
® Zone of Hybridization

Ensatina
eschschoeltzli picta

E.e. oregonensis
E.e platensis

E.&. xanthoptica a 100

miles

Mrave Desert

Color gradation
shows 20nes

of intergradation
of subspecies.

E.e. klauberi
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Speciation-by-Extinction

GLENN F. SEEHOLZER*>"2/, AND ROBB T. BRUMFIELD>

"Department of Ornithology, American Museum of Natural History, New York, NY, USA,
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