Acta Herpetologica 18(2): 159-163, 2023
DOI: 10.36253/a_h-14748

First data on the consumed prey by Speleomantes italicus from the

Republic of San Marino

SANDRO CASALI', MATTEO PAGLIARANI', MARTINA COFANI?, FABIO CIANFERONI>*", ENRICO LUNGHI>®7

I Centro Naturalistico Sammarinese - Istituto di Studi, Ricerche e Documentazione - Museo di Storia Naturale, Borgo Maggiore, Repub-

blic of San Marino
2 Frazione Nebbiano 25 Fabriano, Ancona, Italy

3 Istituto di Ricerca sugli Ecosistemi Terrestri (IRET), Consiglio Nazionale delle Ricerche (CNR), Firenze, Italy
* Museo di Storia Naturale dell'Universita degli Studi di Firenze, “La Specola”, Firenze, Italy
5 Dipartimento di Medicina clinica, Sanita pubblica, Scienze della Vita e dellAmbiente (MeSVA), Universita degli Studi dellAquila,

LAquila, Italy

¢ Associazione Natural Oasis, Prato, Italy

7 Unione Speleologica Calenzano, Calenzano, Italy
*Corresponding author. E-mail: fabio.cianferoni@cnr.it

Submitted on: 2023, 29" May; revised on: 2023, 7" August; accepted on: 2023, 8" August

Editor: Ilaria Bernabo

Abstract. We here present the first study on the consumed prey by an epigean population of the Italian cave salaman-
der (Speleomantes italicus) from the Republic of San Marino. Using the harmless technique of stomach flushing, we
aimed to provide the first data on the diet and on the degree of individual specialization that characterizes the studied
population. We performed two-night surveys (one in autumn 2022 and one in spring 2023) in which we opportunis-
tically searched for salamanders in forested areas and dry walls. Captured salamanders were sexed, weighed, photo-
graphed, measured and stomach flushed. Overall, we inspected the stomach contents of 67 individuals, recognizing
1,018 prey items belonging to 28 different prey categories. The examined population was mainly composed by gen-
eralist individuals, and no differences in number and diversity of prey consumed were observed among salamanders.
Contrarily to what has been observed in other Speleomantes species, flying prey provided a minor contribution to the
diet of the investigated population. Our study produced the first information on the diet of Speleomantes italicus from
the Republic of San Marino, representing the starting point for future assessments on the dietary habits of this specific

population.
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European plethodontid salamanders (genus Speleo-
mantes) are eight allopatric species mainly distributed in
Italy and in a small area of the French Provence (Lanza
et al., 2006); among the mainland species, S. italicus also
occurs in the Republic of San Marino (Casali et al., 2005).
Speleomantes are facultative cave-dwellers inhabiting differ-
ent typologies of subterranean environments (e.g., caves,
mines), but also forested areas and even dry walls (Costa et
al., 2016; Lanza et al., 2006; Manenti, 2014), where suitable
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microclimatic conditions (relatively cold temperature and
high humidity) occur (Ficetola et al., 2018).

Speleomantes are generalist predators feeding on
a wide number of invertebrate species (Lunghi et al,,
2018a; Salvidio, 1992; Vignoli et al., 2006). Within
subterranean environments, Speleomantes can forage
throughout the year (Lunghi et al., 2022a), while in sur-
face ones they are generally active only during favorable
seasons (e.g., in spring and autumn) (Costa et al., 2016;
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Salvidio et al., 2012). The main method used for study-
ing the dietary habits of the genus is the stomach flush-
ing (Salvidio, 1992). The use of stomach contents there-
fore turned out to be an optimal and sustainable method
allowing to assess Speleomantes trophic niche, but also to
evaluate the degree of diet specialization that individu-
als have within populations (Lunghi et al., 2020a; Lunghi
et al., 2020d; Salvidio et al., 2015; 2017). However, this
methodology was never adopted to study the troph-
ic niche of Speleomantes populations occurring in the
Republic of San Marino.

We here present the first data on the dietary habits
of a population of S. italicus occurring in the Republic of
San Marino, focusing on the diversity of prey consumed
and on the diet specialization of individuals. We selected
a population occurring within an urbanized area, hypoth-
esizing that the related environmental conditions may
cause a divergence of dietary habits compared to popula-
tions occurring in natural areas.

We performed two-night surveys in the Republic of
San Marino, searching for individuals of Speleomantes
italicus in a patched forested area of broad-leaved trees,
and inside dry walls occurring within an urbanized area.
The first survey was performed on 21 November 2022
between 8:00 p.m. and 0:00 a.m. (minimum air tempera-
ture Tmin 3.1 °C, maximum air temperature Tmax 11.2
°C, precipitations 1.5 mm), while the second one on 7%
April 2023 between 9:00 p.m. and 1:00 a.m. (Tmin 4.7
°C, Tmax 11.6 °C, precipitations 0 mm) (climatic data
are retrieved from https://www.3bmeteo.com). All opera-
tors worked using disposable gloves and used clean and
disinfected instruments. Salamanders were opportunisti-
cally searched and captured individuals were processed
as follow. Adult males were recognized by checking the
presence of male secondary sexual characters (i.e., men-
tal gland) (Lanza et al., 2006). Adult females and juve-
niles were later distinguished on the basis of snout-vent
length (SVL); individuals with SVL > 50 mm were con-
sidered adult females, while the other juveniles (Lunghi,
2022). Salamanders were then weighed on a digital scale
(0.01 g) and placed on the portable studio to shoot a pic-
ture which will be used to estimate individuals SVL in the
lab using the Image] software (https://imagej.nih.gov/ij)
(Lunghi et al., 2020c). All pictures were visually checked
in order to individually recognize salamanders using their
dorsal pattern (Lunghi et al., 2019); no individual was
captured twice. Finally, we performed stomach flushing on
salamanders (discarding juveniles with SVL < 40 mm) to
inspect the residuals of their last foraging activity. Stom-
ach contents were preserved in 70% EtOH until their rec-
ognition. Prey items were counted and recognized follow-
ing (Lunghi et al., 2018a). Briefly, prey items were general-
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ly recognized at order level, distinguishing between larval
and adult stages when morphology and ecology of the two
life stages strongly diverge. For two groups (Coleoptera
and Hymenoptera) we were able to reliably recognize prey
items from a specific family, respectively Staphylinidae
and Formicidae; these families were used as independent
prey categories (Lunghi et al., 2018a).

We pooled together data from the two seasons as
the high divergence of the number of recognized prey
between seasons (1:10) would affect the reliability of such
comparison. We used Generalized Linear Mixed Mod-
els (GLMMs) (Douglas et al., 2015) to evaluate whether
salamanders consumed a larger number or higher diver-
sity (Shannon index) of prey on the basis of their size
(SVL) or sex (adult males, adult females, juveniles).
GLMMs were built using the log-transformed number
of consumed prey or the Shannon index as dependent
variable, while the SVL and sex were used as independ-
ent variables; date of survey was used as random factor.
Likelihood ratio test was used to assess the significance of
variables in GLMMs (Kuznetsova et al., 2016). We then
estimated the degree of individual diet specialization (IS)
(Zaccarelli et al., 2013). We calculated IS and transformed
using the index (V =1 - IS) proposed in Bolnick et al.,
(2007), where values tending to 1 indicate a high degree
of individual diet specialization. Bootstrapping (repeated
9999 times) was used to test whether the observed index
of individual diet specialization diverged significantly
from a scenario in which all individuals randomly chose
their prey. To avoid over estimations of IS, the data-
set used in this analysis only included individuals from
which at least 3 prey items were recognized.

We inspected the stomach contents of 67 individu-
als of Speleomantes italicus (46 from autumn and 21 from
spring) including 26 adult females, 29 adult males and 12
juveniles (Table S1). Only 2 individuals from autumn had
empty stomach. We overall recognized 1,018 prey items
(average + SD per individual; 15.66 + 13.23) belonging to
28 groups of prey (Table 1).

During autumn, the captured individuals consumed
921 prey items belonging to 27 categories, where three
groups of prey (Diptera larvae, Entomobryomorpha,
and Hemiptera) accounted for 62.48% of the consumed
prey. In spring the captured salamanders consumed 97
prey items belonging to 17 prey categories, where two
groups (Diptera and Araneae) accounted for 44.33% of
the consumed prey. These proportions only considered
prey categories with relative importance > 10% (Table 1).
The number of consumed prey was not affected by both
salamander size (F ¢ = 1.72, P = 0.195) and sex (F, g0,
= 0.11, P = 0.897). Similar results were obtained for the
diversity of consumed prey (size, F, ¢ = 0.76, P = 0.387;
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Table 1. List of the prey residuals recognized from stomach con-
tents of Speleomantes italicus from the Republic of San Marino. In
brackets, the relative importance (%) of each category of consumed
prey calculated for each season.

Number of recognized prey (relative
importance, %)

Prey order

Autumn 2022 Spring 2023
Pulmonata 24 (2.61) 0
Sarcoptiformes 50 (5.43) 8 (8.25)
Trombidiformes 1(0.11) 1(1.03)
Araneae 25 (2.71) 14 (14.43)
Pseudoscorpiones 33 (3.58) 3 (3.09)
Opiliones 11 (1.19) 1(1.03)
Lithobiomorpha 6 (0.65) 1(1.03)
Geophilomorpha 7 (0.76) 0
Scolopendromorpha 1(0.11) 0
Polydesmida 37 (4.02) 1(1.03)
Isopoda 8(0.87) 2 (2.06)
Symphypleona 14 (1.52) 2 (2.06)
Poduromorpha 6 (0.65) 0
Entomobryomorpha 221 (24) 7 (7.22)
Blattodea 0 1(1.03)
Psocodea 1(0.11) 0
Hemiptera 121 (13.14) 8 (8.25)
Hymenoptera 9 (0.98) 0
Hymenoptera_Formicidae 24 (2.61) 6 (6.19)
Coleoptera 12 (1.3) 4(4.12)
Coleoptera_Staphylinidae 10 (1.09) 0
Coleoptera_larva 12 (1.30) 0
Lepidoptera 2(0.22) 0
Lepidoptera_larva 29 (3.15) 1(1.03)
Diptera 24 (2.61) 29 (29.90)
Diptera_larva 231 (25.08) 8 (8.25)
Dermaptera 1(0.11) 0
Speleomantes_skin 1(0.11) 0
Total 921 97

sex, F| 003 = 0.3, P = 0.742). Overall, 11 individuals con-
sumed < 3 prey items; these individuals were excluded
from diet specialization analysis. The studied population
of S. italicus showed a very low proportion of specialized
individuals (V = 0.28, P < 0.001).

This study provides the first information on the diet
of Speleomantes italicus from the Republic of San Marino.
The unfavorable climatic conditions (i.e., dryness) occur-
ring during our spring survey may have negatively affect-
ed the activity of both predators (salamanders) and prey
(invertebrates), limiting our data collection and there-
fore hampering the possibility to provide meaningful
and robust comparisons between the two seasons. In the
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future, multiple seasonal surveys and data collection on
prey availability may allow to produce a more complete
knowledge on the trophic niche for this population and
evaluate the potential effect of local microclimate on prey
availability (Centomo et al., 2023; Lunghi et al., 2018b;
Salvidio, 1992).

All the 28 prey categories recognized from this
population were already known for the species (Lunghi
et al., 2022b), although divergences in the relative pro-
portion can be observed. The first evident divergence
is the proportion of consumed flying prey. In the pre-
sent population flying prey (Ephemeroptera, Hymenop-
tera, Mecoptera, Plecoptera, Lepidoptera, Diptera) only
accounted for less than 19% of the overall consumed
prey (Table 1), with a relatively low increase in their
proportion in spring (Table 1). This is quite interest-
ing as Speleomantes seems to have a preference for fly-
ing prey independently from the habitus of the consid-
ered population (i.e., epigean or subterranean) (Roth
1982), hypothesis supported by the large proportion
of this type of prey within Speleomantes diet (71.5% in
Lunghi et al., 2018a; 94% in Lunghi et al., 2021; 52.7% in
Lunghi et al., 2022b; 85% in Salvidio et al., 1994; 53% in
Vignoli et al., 2006; but see Salvidio, 1992). Furthermore,
Speleomantes are known to increase the consumption
of this prey type at the beginning of the warm season,
particularly when the abundance of Diptera in caves is
higher (Lunghi et al., 2020b; 2022a). However, we must
remark that our data is strongly biased towards autumn,
a season in which the consumption of non-flying prey
generally increases compared to spring (Lunghi et al.,
2018b; 2022a); indeed, further samplings are needed to
clarify this unexpected result. Another curiosity emerg-
ing from this dataset is the very large proportion of con-
sumed Entomobryomorpha, especially in autumn, where
they represented 24% of the total consumed prey (Table
1). Although Entomobryomorpha are relevant compo-
nents of terrestrial ecosystems and constitute a signifi-
cant proportion of the animal biomass (Handschin 1955;
Kampichler and Bruckner 2009), the reason for this high
proportion is difficult to hypothesize (especially at this
level of taxonomic rank) and probably lies in the compo-
sition of the prey available in these survey periods.

The sampled population was characterized by a high
proportion of generalist individuals (V = 0.28), charac-
teristic also supported by the results of GLMMs analy-
ses, where neither sex nor size did affect both number
and diversity of consumed prey. A high proportion of
diet specialization has been observed in spring within
an epigean population of S. italicus, where the popula-
tion seems to not be in competition with the sympatric
Salamandra salamandra (Lunghi et al., 2022c). A high
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proportion of specialists may arise due to competition, or
because the wide trophic availability allows individuals to
specialize on the preferred prey (Aragjo et al., 2011). If
we consider only the data collected in spring (Table 1),
individuals from the Republic of San Marino consumed
17 prey categories while individuals from the other epi-
gean population 35 (Lunghi et al., 2022c¢), supporting
the hypothesis that a wider trophic availability may be
responsible for diet specialization of individuals. The two
populations strongly diverge in the type of habitat they
occupy, one located within an urbanized area and the
other in a fully forested area, meaning that probably the
area interested by less urbanization may show higher prey
diversity (Buczkowski and Richmond 2012; Chapman
2003). This is an interesting hypothesis that deserves to
be investigated in the future.

With this study, we provided the first information
on the dietary habits of Speleomantes italicus from the
Republic of San Marino. Our results should be consid-
ered the starting point to further investigate the trophic
niche of this Speleomantes population and to test the
multiple hypotheses raised by this study.
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