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Parental care in Salamandrina perspicillata
(Amphibia, Salamandridae):
egg defence against caddisfly larvae
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Abstract. Vertebrates exhibit different degrees and modes of parental care. Among Amphibia, most families
are known to perform some form of parental care, but parental care behaviours in Salamandridae (82 species)
are extremely rare (only three species). We report an egg-guarding behaviour in the Italian endemic, Salaman-
drina perspicillata (a semi-terrestrial species with aquatic oviposition), against caddisfly larvae (Halesus ap-
penninus). Egg guarding includes generation of water currents using the tail, and pushing, and shoving to

drive the predator away from the egg clutch. Parental care in Salamandrina is considered as a facultative be-

havioural trait.
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To reduce egg mortality, a variety of animals have
evolved parental care, defined as “any kind of pa-
rental behaviour that appears likely to increase the
fitness of the parent’s offspring” (Clutton-Brock
1991). All classes of vertebrates exhibit different
degrees and modes of parental care (Reynolds et
al. 2002) and, for oviparous species, egg predation
is among the main causes of embryo mortality
(e.g. Ricklefs 1969, Congdon 1983, Miaud 1993).
Among terrestrial vertebrates the Amphibia are
the most diverse in their modes of reproduction
(Jamieson 2003, Sever 2003, Exbrayat 2006) and
parental care (Ricklefs 1969, Lehtinen & Nuss-
baum 2003, Nussbaum 2003, Wells 2007). Parental
care can be roughly divided in pre-oviposition
(e.g. the egg-wrapping behaviour known for many
European newt species, see Miaud 1993, Orizaola
& Brana 2003) and post-oviposition behaviours.
Pre-oviposition behaviours that increases off-
spring survival are often considered only parental
investment rather than parental care sensu stricto,
and they have been excluded from the main re-
views on the parental care (Crump 1996, Lehtinen
& Nussbaum 2003, Nussbaum 2003, Wells 2007).
(1996) post-
oviposition parental care into three main catego-
ries: brooding (a parent carries eggs, larvae or
metamorphs), attendance (a parent remains with
eggs at a fixed site but never actively defends
them) and guarding (a parent actively defends off-
spring against potential predators). Here we re-
port on unexpected egg guarding behaviour in the

Crump classified amphibian

Italian endemic salamander Salamandrina perspicil-
lata (Savi 1821).

The study site is a slow running stream in the
“Foreste Casentinesi, Monte Falterona e Cam-
pigna” National Park (Central-Northern Italy),
where S. perspicillata spawns in spring (April-May;
A. Boscherini, unpublished data). Salamanders lay
eggs in shallow pools in the stream bed; branches
and small sprigs are the preferred substrates to at-
tach the eggs, and these may be completely coated
by eggs. During the spawning season we observed
for three consecutive years (2008, 2009 and 2010) a
defensive behaviour exhibited by female salaman-
ders against caddisfly larvae (Halesus appenninus
Moretti and Spinelli Batta, 1979), which are Sala-
mandrina egg predators (Romano et al. 2008). The
pool where we observed parental care was about 2
x 7 meters wide and 01-0.2 meters deep. The den-
sity of salamanders during the peak of spawning
activity is high and may reach 10 females/m?. In
the same pool where salamanders breed, there is
also a great number of Trichoptera larvae (by the
hundred).

The following synthetic ethogram lists behav-
iour patterns observed during the surveys.

1.) Salamander egg deposition (Fig.la). A Sala-
mandrina perspicillata female attaches eggs to the
substrate of submerged branches and small sprigs.

2.) Caddisfly approach to eggs (observed several
times). After salamander egg deposition, one or
more trichopteran larvae approaches eggs and be-
gins to walk on the egg jelly mass, while the fe-
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Figure 1. Salamandrina perspicillata exhibits parental
care to defend their eggs against an egg predator
(caddisfly larvae). (a) Female of S. perspicillata at-
taches the eggs on submerged branches in a pool in
the stream bed. (b) When the caddisfly is near the
salamander, she pushes and shoves him with her
tail and head in order to make caddisfly fall down
the branch. (c) the predator has been made fall on
the stream bed by the salamander which begins
again the spawning activity.

male salamander continues to spawn.

3.) Caddisfly approach to the salamander (ob-
served several times). During the movement and
the walking over the eggs, caddisfly approaches
more closely the spawning salamander.

4.) First defence strategy: generation of a water
current (observed several times). When the
trichopteran is at least 4-5 cm from the spawning
female, she begins to move rapidly and suddenly
her body, head and tail to generate a water shift
against the potential predator. The water current
can make the caddisfly fall on the stream sub-
strate, away from the eggs. The salamander may
continue this behaviour for a few minutes until the
caddisfly falls away. After the caddisfly falls, the
female stops moving the body and restarts egg
deposition. This defensive behaviour does not in-
volve body contact between salamander and cad-
disfly larvae.

5.) Second defence strategy: pushes and shoves
(observed twice). If the water current generated by
the salamander movements fails to drive away the
potential predator, that is now very close to the
salamander (1-2 cm, Fig.1b), then the salamander
pushes the caddisfly with both head and tail. Once
the trichopteran falls onto the stream bed, the
salamander stops and resumes spawning activity
(Fig.1c). This active defence involves body contact
between the salamander and caddisfly larvae and
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lasts about 10 seconds.

Most animals are exposed to high mortality
risk during the earliest stages of their life cycle,
and various studies have suggested the impor-
tance of parental care at these stages (Nussbaum
1985, Roff 1992, Reynolds et al. 2002). Eggs of
Salamandrina perspicillata suffer strong predation
by invertebrates (Romano & Di Cerbo 2007,
Romano et al. 2008); the known Trichopteran
predators are Plectronemia conspersa (Vignoli et al.
2001), Potamophylax cingulatus and Halesus ap-
penninus (Romano et al. 2008). Is the parental be-
haviour exhibited by Salamandrina against Halesus
appenninus larvae actually able to significantly in-
crease the survival probability of embryos? Sala-
mandrina females rest in the water only while
spawning their eggs (about 13 days, Angelini &
Utzeri 2008), which require 12-37 days to hatch in
localities warmer than the study site (Della Rocca
et al. 2005) and may require more than 50 days in
cold climates (Corsetti 1999). As there is a negative
relationship between water temperature and time
until hatching in Salamandrina (Della Rocca et al.
2005), duration of hatching at the study site is pre-
sumably longer than the whole time spent by a
salamander in the water to lay all eggs. Conse-
quently, all embryos remain unguarded for a con-
siderable portion of their development.

The lack of reports on parental care in Sala-



Parental care in Salamandrina perspicillata

mandrina could be due to the scarcity of research
efforts on its ecology and behaviour during the
20th century (see Zuffi 1999) and to the difficulty
of detecting female egg guarding in the wild.
However, many studies have been performed in
the last ten years. We think that that the evidence
of egg guarding in Salamandrina perspicillata sug-
gests facultative variation among populations; fur-
ther research is needed to clarify the environ-
mental factors (abundance of eggs in the spawning
microhabitats, massive presence of predators) that
may cause these inter-population differences. Fac-
ultative parental care is known in other amphibian
species when their populations experience differ-
ent ecological habitat conditions (e.g., for a sala-
mander with aquatic reproduction Eurycea bis-
lineata see Bishop 1941, Wood 1953, Baumann &
Huels 1982, for a frog, see Martins et al. 1998).
Parental behaviour in Urodela (newts and
salamanders) consists entirely of attendance and
guarding of eggs (Crump 1996, Lehtinen & Nuss-
baum 2003, Nussbaum 2003, Wells 2007), but a
single case of post-hatching parental care (brood-
ing) has been recently described (Oneto et al.
2010). Among the Urodela that have aquatic re-
production, parental behaviour occurs almost ex-
clusively in stream-breeding species (Nussbaum
1985, Nussbaum 2003). Salamandrina often spawns
in lentic or semi-lentic habitats (e.g. Angelini et al.
2007, see also Table I and related references in
Romano & Ficetola 2010). Nevertheless, this genus
is considered a typical lotic-breeding salamander,
mainly due to its larval morphology (Valentine &
Dennis 1964, Griffiths 1996, Pough et al. 2001,
Brunelli et al. 2009). Our finding therefore agrees
substantially with published reports. Parental care
in Salamandrina is particularly worthy of interest
because parental care is extremely rare in the fam-
ily Salamandridae, being reported so far for just
three species (Nussbaum 2003 and references
therein; Wells 2007), representing 3.6% out of the
82 recognised species (AmphibiaWeb 2010). Fur-
thermore, Salamandrina is unanimously recognised
to be the sole extant representative of an ancient
lineage of the family Salamandridae (e.g. Thorn
1969, Titus & Larson 1995), and its split from other
salamandrids (about 95 Mya, Steinfartz et al. 2006)
is probably contemporaneous to the split between
“true salamanders” and “newts” (sensu Titus &
Larson 1995). Consequently, our observations cor-
roborate the hypothesis that egg guarding is the
most basic and primitive form of parental care
which has been independently reached by many
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organisms in several major vertebrate groups (for
review, see Clutton-Brock 1991, Reynolds et al.
2002).

Acknowledgements. We thank Barbara Todini (Univer-
sity of Perugia) for taxonomic determination of caddisfly
larva. We are grateful to Cristiano Spilinga for his help.
We would like to acknowledge Claude Miaud for useful
suggestions during the revision of the manuscript.

References

AmphibiaWeb (2010): Information on amphibian biology and
conservation.  [web  application].  Berkeley,  California:
AmphibiaWeb. Available: http:/ /amphibiaweb.org/.
(Accessed: Oct 14, 2010).

Angelini, C., Utzeri, C. (2008): Una applicazione dei modelli basati
sulla cattura e ricattura individuale per lo studio della fenologia
acquatica degli Anfibi. pp. 18-20. In: Corti, C. (ed.), Herpetologia
Sardiniae. Societas Herpetologica Italica/Edizioni Belvedere,
Latina, Italy.

Angelini, C., Vanni, S., Vignoli, L. (2007): Salamandrina Fitzinger,
1826. pp.227-237. In: Lanza, B., Andreone, F., Bologna, M.A,,
Corti, C., Razzetti, E. (eds.), Fauna d'Italia Amphibia, Vol. XLIL.
Edizioni Calderini de Il Sole 24 Ore, Bologna, Italy.

Baumann, W.L, Huels, M. (1982): Nests of the two-lined
salamander, Eurycea bislineata. Journal of Herpetology 16: 81-83.

Bishop, S.C. (1941): The salamanders of New York. New York State
Museum Bulletin 324: 1-365.

Brunelli, E., Sperone, E. Maisano, M., Tripepi, S. (2009):
Morphology and ultrastructure of the gills in two Urodela
species: Salamandrina terdigitata and Triturus carnifex. Italian
Journal of Zoology 76: 158-164.

Clutton-Brock, T.H. (1991): The Evolution of Parental Care.
Princeton University Press: Princeton (NJ).

Congdon, ].D., Tinkle, D.W., Breitenbach, G.L., van Loben Sels, R.C.
(1983): Nesting ecology and hatching success in the turtle
Emydoidea blandingi. Herpetologica 39: 417-429.

Corsetti, L. (1999). Reproductive activity and embryo growth of the
spectacled salamander Salamandrina terdigitata (Lacépede, 1788)
in southern Latium (central Italy). British Herpetological Society
Bulletin 67: 13-20.

Crump, M.L. (1996): Parental care among the Amphibia. Advances
in the Study of Behavior 25: 109-144.

Della Rocca, F., Vignoli, L., Bologna, M.A. (2005): The reproductive
biology of Salamandrina terdigitata (Caudata, Salamandridae).
Herpetological Journal 15: 273-278.

Exbrayat, J-M. (2006) (ed): Reproductive Biology and Phylogeny of
Gymnophiona (Caecilians). Science Publishers, Inc., Enfield,
NH, USA.

Griffiths, R. (1996): Newts and salamanders of Europe. Academic
Press, London.

Jamieson, B.G.M. (2003): Reproductive biology and phylogeny of
Anura. Science Publishers, Inc., Enfield, NH, USA.

Lehtinen, R.M., Nussbaum, R.A. (2003): Parental care: a
phylogenetic perspective. pp. 343-386. In: Jamieson, B.G.M. (ed.)
Reproductive biology and phylogeny of Anura. Science
Publishers, Inc., Enfield, NH, USA.

Miaud, C. (1993): Predation on newt eggs (T. alpestris and T.
helveticus): identification of predators and protective role of
oviposition behaviour. Journal of Zoology 231: 575-582.

Nussbaum, R.A. (1985): The evolution of parental care in
salamander. Miscellaneous Publications Museum of Zoology
University of Michigan 169: 1-50.



170

Nussbaum, R.A. (2003): Parental care. pp. 527-612. In: Sever, D.M.
(ed.), Reproductive biology and phylogeny of Urodela. Science
Publishers, Inc., Enfield, NH, USA.

Oneto, F., Ottonello, D., Pastorino, M.V., Salvidio, S. (2010).
Posthatching parental care in salamanders revealed by infrared
video surveillance. Journal of Herpetology 44: 649-653.

Orizaola, G., Brafia, F. (2003). Oviposition behaviour and
vulnerability of eggs to predation in four newt species (genus
Triturus). Herpetological Journal 13: 121-124.

Pough, F.H., Andrews, RM.,, Cadle, ].E., Crump, M.L., Savitzky, A
H., Wells, K.D. (2001). Herpetology. Prentice Hall: New Jersey.

Reynolds, ].D., Goodwin, N.B.,, Freckleton, R.P. (2002):
Evolutionary transitions in parental care and live bearing in
vertebrates. Philosophical Transactions of the Royal Society B
357: 269-281.

Ricklefs, RE. (1969): An analysis of nesting mortality in birds.
Smithsonian Contributions to Zoology 9: 1-48.

Roff, D.A. (1992): The evolution of life histories: theory and
analysis. Chapman & Hall, New York.

Romano, A., Ficetola, G.F. (2010): Ecogeographic variation of body
size in the spectacled salamanders (Salamandrina): Influence of
genetic structure and local factors. Journal of Biogeography 37:
2358-2370.

Romano, A., Spilinga, C., Montioni, F., Fiacchini, D., Ragni, B.
(2008). Egg predators of an endemic Italian salamander,
Salamandrina perspicillata (Savi, 1821). Acta Herpetologica 3: 71-
75.

Sever, D. (ed.) (2003): Reproductive biology and phylogeny of
Urodela. Science Publishers, Inc., Enfield, NH, USA.

Steinfartz, S., Vicario, S., Arntzen, J.W., Caccone, A. (2006). A
Bayesian approach on molecules and behavior: reconsidering
phylogenetic and evolutionary patterns of the Salamandridae
with emphasis on Triturus newts: Journal of Experimental

Boscherini, A. & Romano, A.

Zoology Part B: Molecular and Developmental Evolution 308:
139-162.

Thorn, R. (1969): Les salamandres d’'Europe, d’Asie et dAfrique du
Nord. Edition Paul Léchevalier, Paris.

Titus, T.A., Larson, A. (1995): A molecular phylogenetic perspective
on the evolutionary radiation of the salamander family
Salamandridae. Systematic Biology 44: 125-151.

Valentine, B.D., Dennis, D.M. (1964): A comparison of the gill-arch
system and fins of three genera of larval salamanders,
Rhyacotriton, Gyrinophilus, and Ambystoma. Copeia 1964: 196-201.

Vignoli, L., Della Rocca, F., Bologna, M.A. (2001): Predazione di
uova di salamandrina dagli occhiali da parte di Tricotteri.
Pianura 13: 176.

Wells, K.D. (2007): The ecology and behavior of amphibians. The
University of Chicago Press, Chicago and London.

Wittenberger, J.F. (1981): Animal social behavior. Duxbury Press,
Boston.

Wood, J.T. (1953): The nesting of the two-lined salamander, Eurycea
bislineata, on the Virginia coastal plain. Natural History
Miscellanea, Chicago Academy of Natural Science122: 7.

Zuffi, M.ALL. (1999): Salamandrina terdigitata (Lacépede, 1788) -
Brillensalamander. pp. 229-246. In: Grossenbacher, K,
Thiesmeir, B. (eds), Handbuch der Reptilien und Amphibien
Europas. Aula-Verlag, Wiebelsheim.






