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Most amphibians have
complex life cycles.. Ok, not all of

them...
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Complex life cycles..

Stricking variety of amazing adaptations

Elevated phenotypic plasticity

Larvae are key components of freshwater ecosystems
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Darwin's Intuition

WVariation

Selaction: varlants have differential success

fl Hereditability

\Q Differential diffusion of the variants
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Natural selection

Genetic advent & modern
synthesis

Source af variation:

£= Mu

Gene maching

FITNESS -

Relative parental success

3-4 luglio 2026 Alla scoperta degli anfibi e dei loro ambienti

Richard Dawhkins
The setfish gene (1976)



NATURE vs NURTURE

Canalization

Adaptation
(genotype]

Selective pressures

Variation In plasticity

Plasticity

(="
(phenatype)

/\ )

individual

Rapid adaptation is favoured
under strong selective pressuncs
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Favoured when facing variable
emdronmental conditions

e, novel habltats, colonisation process
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Anuran tadpoles Salamander larvae

Key prey in freshwater ecosystems

(on average 90% mortality before adult stage)

-

Omnivores, mostly vegetation matter... but
carnivore habits or carnivore species also exist

Important freshwater top or meso-predators

Levis & Pfennig (2018);
Montafa et al. (2019) Freshw. Biol.
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Anti-predator responses in amphibian larvae

Trade-offs between
escaping predators and
subsequent performance

High plasticity allows exploiting different environmental contexts

Mutliple responses: ]
Morphological

Life-history

Behavioural

VA

8

Carry-over effects

act|V|_ty rapid
reduction, defensive development
shelter use, structures,
aggregation muscle increase
= ) . LIFE s ="
lfe S:Iflul':l?n’i‘::\a:oeuropea ?’_ﬁ\‘}‘% ;‘g;gonnea M - 3-4 luglio 2026 Alla scoperta degli anfibi e dei loro ambienti




Providing key ecosystem services

Key component of trophic chain in freshwater ecosystem

Biomass flux between terrestrial and aquatic environments

Biological control ‘ ﬁ m
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In centro America, collasso degli anfibi causato dalla chitridiomicosi

Batrachochytrium dendrobatidis: patogeno fungino letale -

introdotto in Centro America negli anni ‘80 con le attivita umane

Aumento incidenza
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In our lab... predation and competition vs mosquitoes

Tiger mosquito larva survival ﬁ.,‘
Adult size Z ’ “ Q
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Come se la passano gli anfibi?

State of the World's Amphibians: The
Second Global Amphibian Assessment

This repor, led by Rewlld, Synchronicity Esrin, and the ILCH S5C Amphiblan Specialist
Giroup, sustemar|zes how amphiblans are Taring, the pressures upon them, and the
solutions needed (or massiely scaling up thelr consaretion. Theoigh the second Global
Amphibian Assessment, mare than a decade of research on amphibians by over 1,000

axperts has been compiled 1o assess the extinction risk of B,017 apecies worldwide Key results of the GAA2

5,017 wpocs m——)

The dats delrvers an incredibly alasming message — 2 in every 5 amphiblan species aro Carnprmmmt in Jure 120
threatoned silh estinctbon, making them the mos! threatened vertebrate group. The

arnphitdan craks continues to worsed, 28 pressunes largely driven by human ectivities take
hald Whie habdtat loss and degracaticn rermasn tha mast cormrdn thiamt o amphilbdans,
an increasing number of species ane being puished to 1he brink of edinstion by disrzas

ant climate change ellects. The uigency 1o acl is becomilng ncreasngly cotical
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Amphibian richness and threats at global scale
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Borzée et al. (2025) Nat. Rev. Biodivers.
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Minacce antropiche per gli anfibi a @

Complex life-cycle,
many threats!

]

| Habitat
modification

Climate change

Disease

Invasive species
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Changes in
habitat
availability

Changes in
abiotic factors

Changes in biotic
interactions
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Habitat modification

Increase in human-

modified landscapes Reduction of

breeding sites
and natural areas

Suitable habitat loss Fragmentation among suitable patches
H =

.-*l H,*. _
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Qualche esempio...
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Diversi elementi influenzano la struttura spaziale dell’habitat

i) Community rehmees (4]

e

Py
ﬁ!‘.‘iaiii 4 ] _
..o Componenti differenti possono
. influenzare I'abbondanza degli anfibi a

scale spaziali diverse

Disponibilita di ambiente idoneo
importante a scala spaziale ridotta

Barriere e connettivita importanti per
struttura metapopolazioni

Copertura forestale Denstltadreltlcolo Bacino idrografico
Stradale Ficetola et al. (2009) Conservation Biology
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E questi elementi possono variare notevolmente a secondo dell’ecologia
delle diverse specie...
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La rana di Lataste in Lombardia

presants

Progressivo declino
negli ultimi 20 anni

- = T P localmants

PR ierine and Estimdbion af the Dalian Aphile Frog B daradde
froen Uore Areas of s Hangs

SpeSSO a causa e e e e T L T o fomicas
di cattiva gestione e T

0 variazione e o e
d’uso suolo S - )
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Urban refuge?

Two distant tales... Sy Yellow-bellied toad
(Bombina variegata)

Western leopard toad
(Sclerophrys pantherina)
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Western leopard toad

Urban santcuarles'

%
2010-2022
Cadt To?s
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g . o & Fragmentation,
» gt habitat loss,
- Cape Town small populations
X
x| : Iconic, and
H'.I very popular!
f : ®ave the
6150o0bs W o Western

‘iNaturalist h' Leopard
‘ ~ar-: Toad
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Yellow-bellied toad . Sunny gardens
Once common in Trieste

orchards, pools

Stable and large
population

But local
declines

Habitat loss
Traditional
practice decline

Pretty guy, but
less considered!

Trieste ™

Gianfranceschi 2021
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Management of urban populations
makes the difference

Preserving breeding sites
integrity and connectivity
among them can support
suitability of urban refuges
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Peng et al. (2026) FrogLog
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Cambiamenti climatici e biodiversita

Future climate change is projected to increase the severity of impacts

across natural and human systems and will increase regional differences
Examples of Impacts without additiohal adagtation

&) Risk of J-" 1

i I

species losses .
Fr-;rn'r-iu-;'ul sl i g I.' II
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IPCC 2023 f.li'l : e S

e Cape
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...and amphiabians?

i 5
b A Sensitiveness to warming and altered
' f | rain patterns
Breeding failure
\ Distribution of amphibians _ - _
- exposed to climate change threat Niche availability shifts
Numbar of spacias _ _
-5 @620 Q240 [ a0 Borzée et al. (2025) Nat. Rev. Biodivers. Phenological shifts

Variation in survival and performance
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Loss of breeding sites due to altered -

] ] ] ] Ll Ll ] E n 1m 1m
precipitation regimes and increased aridity 20 062008
An example from Yellowstone National Park ; 10 4
McMenamin et al. (2008) PNAS E i
L Reduced species L
Reduction in wet years richness
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Variazione disponibilita di nicchia lungo un gradiente latitudinale

n—_ . :
o | | o
Altitudinal shifts for typical I
lowland species b '

1.
(potential niche expansion) Bufo bufo Triturus cormifes fiana trmporric
= 08 ® 4 - E B R RS g 2% 2 2
-E%q.,.:. FF;—:=E ‘E.F.EE
F E & B EEEEE B EE S S
But ecological limits for
montane amphibians
(no shifts; niche contraction)
® LOWEA BifeEnOeel AT B UPFES RO i HFT OF Thel | CRa RS e LT

Tiberti et al. (2021) Biol. Conserv.
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Shifts in phenology

Shifts

t4

—
Time

Activity
Activity

Day of the year Day of the year
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Out-of-season breeding

Some exemples

Earlier activity 1@ Late breeding

(common at higher latitudes)

Ty wanben ampihibis Gzl warming and hreeding Eeemslogy

im irogs, loads @il welamamier Em:
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o i i ey s, S g s P s By i sl iy - EH:.H s J Melotto et al. (2025) Acta Herp.
e i S i et e——
’ i e Dalpasso et al. (2009) Sci. Rep.

However this lead to potential risks and phenological mismatches:

-’n\“' £
K&( Desiccation risk late winter frosts Lethal heat
JEAE for aquatic stages for aquatic stages exposure
‘G_q
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Invasive species
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Some famous ones...

Callinectes sapidus Popilia japonica

Procambarus clarkii

Aedes albopictus Xylella fastidiosa Domestic cat
) . -
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Invasive alien species:

a major cause of biodiversity loss and extinction

Involved in the 54% of the ~ 800 animal species extinctions
caused by human impact since 1600

Clavero & Garcia-Berthou, 2005 Trends Ecol. Evol.
Bellard et al. (2016) Biol. Lett.

Invasive species effects on native communities are difficult to predict

Heterogeneity of Heterogeneity of environmental
responses among species pressures among different populations
Nunes et al., 2012 Oecologia Muths et al., 2017 Scientific Reports

Importance to take into this variability in studies on
invasive-native species interactions

i ; \ % LIFE s ="
S;?Si?::,a:oeuropea ?,})g ;‘C‘tCOnnect h. 3-4 luglio 2026 Alla scoperta degli anfibi e dei loro ambienti 33

N
e NATURA 2000




Invasive species

Not all non-native species becgmes invasive
Williamson & Fitter (1996) Ecology

Introduction But when they become...

Failure to establish
(evolutionary naiveté)

Establishment x | Competition |

and spreading

~1-10 %

Negative » Hybridisation

impacts on
native species

I Predation/Parasitism I

Habitat
: : modification
Wide niche 4 8

General shared High plasticity
traits

Fast reproduction
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TEMPOMAL TREWOE (N THE HURIOTR OF LSTANLIGHED ALIEN SPECIIE ACROGS TALA

Invasive species
are spreading e
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Ways invasive species impacts on amphibians are multifaceted

Fradation Competition o Habitat sltsvation  Spread ol Disease
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Predation and pathogen
transmission represent

most threatening ones

Let's see some examples *
_ o ®
g VI

oy b L] =g ® & £ R LS fpr AAE B § R e B f b B B B3

Falaschi, Melotto et al. (2020) Herpetologica
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Amphibians are particularly
sensitive to invasive predators

Falaschi, Melotto et al. 2020 Herpetol.

Predation is a powerful evolutionary
force driving predator-prey interactions

Arm race
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» Declines and extinctions

Lack of co-evolution can prevent
predator recognition or limit anti-
predatory responses

Evolutionary naivete
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Invasive predators...

o\ & LIFE i = -
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Massive impacts of invasive fish =
on native ecosystem community

[’ Local amphibian extinctions

Especially in fragile and/or isolated ecosystems

multifaceted impacts

Denoél et al. (2016) Conserv. Biol.
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Palatable prey

Ongoing study in Slovenian ponds

Fish presence has cascading effects
reducing amphibian richness

But species-specific effects can vary
Toxic prey
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Procambarus clarkii
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Fast spread
Voraceous predator

Disease vector

The red swamp crayfish
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Collapse of the amphibian community of the Paul do
Boquilobo Natural Reserve (central Portugal) after the
arrival of the exotic American crayfish Procambarus clarkii

M. Cruz®, P, Sopurado’. M. Sousa® & H Aobolo!
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Distribuzione di P. clarkii in Italia

2020
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Presente in > 80 %

Lo Parrino et al. (2020) Biogeographia
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Elevata suscettibilita alla predazione
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Cruz & Rebelo (2005) Amphibia-Reptilia
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In Lombardia

Diffusione del gambero nelle aree monitorate
~ 2004 2020

Year of first record
1080 . 1004
Bl 1995 - 1599
B 2000 - 2004
H 2005 - 2009
=1 2010 - 2014
=26 - 2019

Undatacied

@ Crayfish detected
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...anche in ltalia forti impatti sulla comunita anfibia

£ 1000 Rana latastei T 100 Lissotriton vulgaris
2 100 + R. dalmatina =
= (0]
o) & 10
S 100 ° e _ 2
< 5 % © Predazione S o
)] [©] . .
e | o sugli stadi % 1
© -
2 : —0—®— D larvali in natura g ,
é 0 1 10 100 g 0 1 10 10
P. clarkii abundance (g / m?) P. clarkii abundance (g / m2)
Riduzione Estinzioni
abbondanza locali

Ficetola et al., 2011 Diversity & Distributions
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R. latastei
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Rearing experiment

VS

3-4 luglio 2026 Alla scoperta degli anfibi e dei loro ambienti

P. clarkii

48



Sl dall'Unione europea

4-12 per population
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Experimental plan

Non-lethal
crayfish

e

Two tadpole triads
from each clutch

N = 486

PRl Cofinanziato - IP-JIFEC u 5t o 2026
8 dall'Unione europea &"{‘% 23;0“‘"“* e T -4 luglio

1
' "|.u %
LB i
b2 T
e——H _——y
- -
L & ¥
_— b I
] '.1 1-'1
[ | Pt %
- -
_‘._-I. L‘l‘.|
- -
s bty
L -
(Y 'r' --i
- -
¥ ¥ ." ‘l
i .y |
¥ 1|, -
S 3 A L | el
- -
- - L e
] A
l."'- -'l-'.
+5 o
- .‘-.-
e kit
L I il

Alla scoperta degli anfibi e dei loro ambienti

Mwloets vt al. 2030 Mal Cenm
Mlasdonto st gl §MOT |, Beodkagymad syrmions

Behaviour

=<

Development time

. il "*
—

Carry-over
effects



How do tadpoles respond? :
Relative tail muscie depth Ralative tall muscle width i
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(=]
s Relative muscle size increases

with P. clarkii exposure Significant morphological plasticity!

Crayfish Anti-predator inducible

absence defense associated to
predator presence

Crayfish
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How do tadpoles respond?

Crayfish and development time

Crayfish exposure increased
development time

Crayfish-invaded populations
costitutively showed a
reduced larval period

= Crayfmh ratee papslstiens 3 Crarytah-mbced popstatine
(1) -
& }_ |
E E 10| |
g
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=
3 a0 Cirigine ™= 0,003
H.H-h;ﬂlall-‘] EI?.HII:I H-l?lrrl:l:-rd E-:l-ﬂ-d
Expaibon b conyfish

Differences between foothill
and lowland disappear

15-year after the invasion the crayfish is now the dominant selective force
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Rapid adaptation
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Collection and housing of larvae

Melotto et al. 2021. Behav. Ecol.

5 urodele species

never in
contact with
invasive crayfish

24 individuals per species
from different populations

8 anuran species

Once hosting
native crayfish

Mechanism of response?

Coevolutionary history?

Variation among species WHilEeP\aed OREIEh

. (Austrapotamobius
pallipes)
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Predation risk exposure

Melotto et al. 2021. Behav. Ecol.

Exposure to crayfish Belhavioural traits
T T
| I
| |
# I
. = '
: - I -
[ [ \
I 1 —
] ] l/
1/1/
Distance moved
o &
N Bursts
Avoidance

* Visual cues
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Invasive recognition predator

Melotto et al. 2021. Behav. Ecol.
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I
Amphibians rely on visual cues to recognize the invasive crayfish Generic recognition %@—K

Cogvolutiopary history

Visual cues triggers refined responses in amphibians that coexisted with a native crayfish
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Caenisiing with
naiive eroyfish
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Novel pathogen spreading

o
L
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Chytridiomicosis

chytrid fungus
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Batrachochytrium
dendrobatidis, Bd

Targeting anurans

Supposed origin

Described in 1998

bx.{' Cofinanziato W ELFE g—ij
h%xo

Vi ‘Uni %%# NatConnect
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Supposed origin

Likely spread due to
amphibian trading

Batrachochytrium
salamandrivorans, Bsal

Targeting urodels
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Cascading effects directly
affecting human health:

i ]
e i e e
Springborn et al. (2022). Environ. Res. Lett.

Olson et al. (2013) PlosOne
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Prevezione trasmissione patogeni

Unknown??

Importanza protocolli di

prevenzione e disinfezione |

es. lavaggi con candeggina 1-5 %
(in relazione al patogeno, meglio 5 % per andare sul sicuro!!)
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Many threats.... what can help?

Prevention

Early-detection & early-response (conteinment where eradication is unfeasible)

Preserve pristine ecosystem is also important (ecosystems in good shape respind better,
and are both more resistant and more resilient)
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