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Abstract. Natural history museums are irreplaceable tools to study and preserve the biological diversity around the 
globe and among the primary actors in the recognition of species and the logical repositories for their type specimens. 
In this paper we surveyed the consistency of the preserved specimens of amphibians and reptiles housed in the major 
Italian scientific collections, and verified the presence of threatened species according to the IUCN Red List, includ-
ing the Extinct (EX), Extinct in the Wild (EW), Critically Endangered (CR), Endangered (EN), and Vulnerable (VU) 
categories. Altogether, we analyzed 39 Italian zoological collections. We confirmed the presence of one extinct rep-
tile (Chioninia coctei) and five extinct or extinct in the wild amphibian species (Atelopus longirostris, Nectophrynoides 
asperginis, Pseudophilautus leucorhinus, P. nasutus, and P. variabilis). Seven CR amphibians, fourteen CR reptile spe-
cies and the extinct skink C. coctei are shared by more than one institution. Museums which host the highest number 
of threatened and extinct amphibian species are respectively Turin (17 CR and 1 EX), Florence (13 CR and 1 EX), and 
Trento (15 CR and 1 EW), while for reptiles the richest museums are those from Genoa (15 CR and 1 EX), Florence 
(11 CR and 1 EX), and Pisa (7 CR). Finally, we discussed the utility of natural history museums and the strategies to 
follow for the implementation of their functionality.

Keywords. Biodiversity, collections, conservation, herpetology, IUCN categories, natural history museums. 

INTRODUCTION

Biodiversity collections hosted in natural history 
museums, universities and other institutions are impor-
tant cultural, scientific heritages, irreplaceable resources, 
and useful tools for a great array of studies to enhance 
biodiversity understanding and conservation. These 
include systematic investigations, taxonomic revisions, 
species descriptions, epidemiology, anatomy, historical 
reconstructions (e.g., about collectors and the institutions 
housing their collections, as well as about the history of 
science in general), but also many more science-outreach 
purposes, such as educational activities, and exhibitions 
(Bakker et al., 2020).

The origin and the history of biological – in particu-
lar zoological - “voucher specimens” or, simply, “vouch-
ers” (Schilthuizen et al., 2015) housed in scientific col-
lections, are rather heterogeneous, since they may result 
from various activities, e.g., field surveys with collecting, 
sampling for scientific research, recovery of dead animals 
(e.g., on roads, from zoological parks, captive breed-
ers, etc.), direct purchases from dealers (for collections 
increase, exhibits and education), and others (Funk et 
al., 2005). Data associated with vouchers may also vary 

substantially across periods, going from just a rough spe-
cies determination (as it was often the case in the past, 
especially for specimens obtained from commercial deal-
ers), to an exhaustive set of information, including place 
and date of collection, collectors, donors, ecological and 
behavioral parameters, etc. 

The different kind of preservation techniques may 
also affect the degree of scientific, expositive and util-
ity of specimens, going from traditionally naturalized 
/ preserved specimens used for display, to “ad hoc” pre-
pared series for scientific research, accompanied by tis-
sue samples, photographs, parasitological/epidemiologi-
cal specimens, etc. (Lorch et al., 2021). Particular and 
precious vouchers hosted in collections of museums are 
the so-called «type specimens», i.e., preserved individu-
als upon which new taxa are described, including, among 
the others, holotypes, paratypes, lectotypes, and syntypes 
(Dubois, 2017). 

Natural history museums (hereafter NHMs or muse-
ums) are considered the heirs of the 16th-17th century 
“Wunderkammern”, also known as “cabinets of curiosi-
ties” (Butler et al., 1998; McCarter et al., 2001). The 
collections of “mirabilia”, “naturalia” and “exotica” (as 
natural history objects were sometimes labeled in the 
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past) were accumulated over the time by naturalists and 
“savants”. In a first phase of museums’ life, these objects 
were mainly used to solicit and address the wonders and 
varieties of nature, at those times still largely unknown. 
Until then, objects were at the same time the origin and 
the pulsing heart of these collections and early museums, 
as well as one of the few ways to discover and describe 
nature (Findlen, 1996).

Nowadays, the ultimate profile of scientific collec-
tions can be drawn looking at what happened in medi-
um-large and national museums (Suarez and Tsutsui, 
2004). These institutions, which are true documenting 
centers and repositories of the world’s geo- and biodi-
versity, manage specimens and associated materials that 
often represent unique evidence of species distribution 
and evolution patterns (Clemann et al., 2014). The infor-
mation gathered from extinct species is irreplaceable and 
lost forever: the International Union for Conservation of 
Nature (IUCN) declared 160 animal and plant species 
extinct between 2010 and 2019, although recent estimates 
suggest that this estimate may be as high as one thousand 
species per year (Ceballos et al., 2015; Shivanna, 2020). 

NHMs are relevant in preserving specimens and 
other materials, and this is gradually becoming one of 
the modern museums’ top finalities. Indeed, vouchers of 
extinct species are useful reservoirs of information, cru-
cial to understand the reasons and history of their extinc-
tion. At the same time, the availability of samples belong-
ing to threatened species is an important and irreplace-
able source of data for better understanding the conser-
vation threats (e.g., Reed and Shine, 2002).

As reported elsewhere (Alberch et al., 1994; Bakker 
et al., 2020), NHMs should be primarily considered as 
research, documentation and divulgation centers, since 
their role in biodiversity discovery and nature valoriza-
tion is central, and useful in showing variations in abun-
dance, florae and faunae (Ewers-Saucedo et al., 2021). 
Natural history and biodiversity museums are also the 
logical repositories for vouchers of species becoming rar-
er, and in some cases extinct (Buckingham et al., 2021). 
This allows to keep track of biological changes since pre-
served specimens are excellent scientific resources repre-
senting unique means through which such species can be 
studied for their morphology, ecology, genetics, and other 
traits. In addition, they can be used in comparative stud-
ies, e.g., with extant species, not only for taxonomic and 
phylogenetic studies, but also to unveil ecological and life 
history traits (Figueirido and Janis, 2011). 

Notwithstanding, while the advancement in our 
understanding of nature and the drafting of a life cata-
logue of our planet are still badly needed and considered 
as a humankind priority mission, in many cases NHMs 

themselves are increasingly facing severe problems of 
identity and survivorship, due not only to economic rea-
sons but also to a generalized shift and diffused amnesia 
of their original missions (Boero, 2010; Andreone et al., 
2014, 2022; Andreone, 2015; Ceríaco et al., 2021). On the 
other hand, we also believe that it is imperative to recon-
cile the research/collection and outreach/education com-
ponents within NHMs, and that vouchers and scientific 
collections can be efficiently used for this aim. 

In the course of two national projects focused on the 
valorization of natural history collections – namely “Ver-
tEx (Vertebrata Extincta)” and “Estinzioni” (Extinctions) 
(Nicolosi et al., 2013, 2019) – we evaluated the consist-
ency of vertebrate collections in Italian NHMs, with the 
aim to define the conservation status and IUCN Red List 
placement of the housed voucher specimens. Hopefully, 
the identification of threatened and extinct species with-
in museum collections is useful to address scientists and 
the public to understand and contrast the rarefaction and 
disappearance of our biodiversity, with dedicated tempo-
rary expositions, books, postcards, and gadgets. 

So far, in the present paper we focused our attention 
on amphibians and non-avian reptiles, two vertebrate 
groups often treated together in both research and the 
traditional imagery, which represent a major component 
of museum collections. Here, we also give a general over-
view of the overall Italian herpetological/museological 
patrimony, about ten years after the first comprehensive 
work (Mazzotti, 2010) and provide indications on their 
conservation assessment.

MATERIAL AND METHODS

We selected the major Italian herpetological collec-
tions, basing upon data provided by the National Asso-
ciation of Scientific Museums (Associazione Nazionale 
dei Musei Scientifici - ANMS), associated projects, e.g., 
CollMap (Vomero, 2013), and previously published con-
tributions (Mazzotti, 2010). Basing upon feedbacks from 
curators and referring institutions, we gathered useful 
information from 39 natural history collections (man-
aged by public museums, universities, and/or a few pri-
vate bodies), which replied positively to our request and 
provided relevant data (Table 1). A few NHMs were 
excluded since, although known for possessing herpeto-
logical specimens, they did not reply, or did not provide 
sufficiently complete information. 

The existence of published/unpublished catalogues 
and/or lists of species/specimens housed in each collec-
tion was assured by the relative curator/referent, as well 
as through bibliography [(Carmagnola: Boano and Del-
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mastro, 1990; Sindaco, 1990); (Turin: Elter, 1982; Gavetti 
and Andreone, 1993; Andreone et al., 2007); (Domodos-
sola: Andreone et al., 2005); (Genoa: Doria et al., 2002); 

(Milan: Leonardi et al., 1995; Scali, 1996; Blackburn and 
Scali, 2014); (Varese: Danini and Baratelli, 2000); (Mor-
begno: Zuffi, 1990); (Padua: Centis, 2004); (Udine: Lap-

Table 1. List of the Italian natural history museums contributing with collections data (abbreviations of provinces are reported between 
parentheses; TAEI = taxonomic auto-evaluation index; total number of species of amphibians and reptiles preserved in the collection is 
reported). Museums accompanied by an asterisk (*) are those having a herpetologist as curator.

Used acronym and official museum denomination Municipality (Province) Management 
type TAEI

Species number

Amphibians Reptiles

TO Museo Regionale di Scienze Naturali * Turin (To) Region 3 593 855
TO-DB Museo di Storia Naturale “Don Bosco” Turin (To) High school 2 12 49
TO-C Museo Civico di Storia Naturale * Carmagnola (To) Municipality 4 69 374
CN-A Museo Civico “Federico Eusebio” Alba (Cn) Municipality 4 8 9
CN-B Museo Civico “Craveri” di Storia Naturale Bra (Cn) Municipality 4 10 53
VC-V Museo di Storia Naturale “Pietro Calderini” Varallo Sesia (Vc) Foundation 4 2 20
VCO-D Civico Museo di Storia Naturale “G. G. Galletti” Domodossola (VCO) Municipality 3 28 46
GE Museo Civico di Storia Naturale “Giacomo Doria” * Genoa (Ge) Municipality 4 590 1450
MI Museo di Storia Naturale * Milan (Mi) Municipality 4 116 637
PV Museo di Storia Naturale dell’Università * Pavia (Pv) University 4 100 310
PV-V Civico Museo di Scienze Naturali Voghera  (Pv) Municipality 4 6 16
BG Museo Civico di Scienze Naturali Bergamo (Bg) Municipality 4 28 153
SO-M Museo Civico di Storia Naturale * Morbegno (So) Municipality 4 10 16
TV Museo Zoologico “G. Scarpa” Treviso (Tv) Diocese 4 83 285
VR Museo di Storia Naturale * Verona (Vr) Municipality 4 99 263
VI Museo Naturalistico Archeologico di Vicenza Vicenza (Vi) Municipality 1 12 23
PD Museo di Zoologia dell’Università Padova (Pd) University 3 75 115
VE Museo di Storia Naturale “G. Ligabue” * Venice (Ve) Foundation 4 77 170
RO Fondazione Museo Civico di Rovereto Rovereto (Tn) Foundation 4 11 41
TN MUSE - Museo delle Scienze * Trento (Tn) Province 4 185 170
PN Museo Civico di Storia Naturale Pordenone (Pn) Municipality 3 1 23
UD Museo Friulano di Storia Naturale * Udine (Ud) Municipality 4 153 63
TS Museo Civico di Storia Naturale * Trieste (Ts) Municipality 4 78 360
PR Museo di Storia Naturale dell’Università Parma (Pr) University 2 17 75

MR Museo di Zoologia e Anatomia Comparata 
dell’Università

Modena (Mo) / Reggio 
Emilia (Re) University 3 37 112

BO Collezione di Anatomia Comparata, Sistema Museale 
di Ateneo Bologna (Bo) University 4 4 53

FE Museo Civico di Storia Naturale * Ferrara (Fe) Municipality 4 77 95
AN-O Museo di scienze naturali “Luigi Paolucci” Offagna (An) Municipality 3 10 12
FI Museo di Storia Naturale dell’Università * Florence (Fi) University 3 627 1268
PI Museo di Storia Naturale dell’Università * Calci di Pisa (Pi) University 2 158 582
GR Museo di Storia Naturale della Maremma Grosseto (Gr) Municipality 3 3 14
LI Museo di storia naturale del Mediterraneo Livorno (Li) Province 3 6 31
SI Museo di Storia Naturale dell’Accademia dei Fisiocritici Siena (Si) Association 3 26 95
RM Museo Civico di Zoologia * Rome (Rm) Municipality 4 168 194
RM-S Società Romana di Scienze Naturali Rome (Rm) Association 4 43 117
LE Museo di Storia Naturale del Salento * Calimera (Le) Municipality 4 29 77

NA Centro Museale Centro Musei delle Scienze Naturali 
dell’Università Naples (Na) University 2 35 72

BA Museo di Zoologia “Lidia Liaci” dell’Università Bari (Ba) University 4 25 71
PA Museo di zoologia “Pietro Doderlein” dell’Università Palermo (Pa) University 2 32 85
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ini, 1984); (Trieste: Bressi, 1996); (Florence: Lanza et al., 
2005, 2006); (Ferrara: Mazzotti and Miserocchi, 2009, 
2010); (Rome: Capula et al., 2011; Crucitti et al., 2017, 
2021); (Naples: Maio et al., 2004)]. 

We used as taxonomic references “Amphibian 
Species of the World” (Frost, 2021), “AmphibiaWeb” 
(AmphibiaWeb, 2021), and “The Reptile Database” 
(Uetz et al., 2021). Exhaustiveness and correctness of 
the reported information is warranted directly by cura-
tors of the museums in this study. Taken into account 
that the degree of past and ongoing curatorial activ-
ity and taxonomic revisions are rather variable among 
institutions and since it was impossible to revise all the 
collections, we asked to provide a “taxonomic auto-
evaluation index” (TAEI), as follows: 1 (lowest taxo-
nomic accurateness and/or collection without a proper 
revision), 2 (collection revised for the 30-40%), 3 (col-
lection revised for the 60-70%), 4 (highest taxonomic 
accurateness, with both the amphibian and reptile col-
lections fully revised). 

Finally, we carried out a conservation assessment for 
each species, including attribution of threat categories 
according to the IUCN Red List (IUCN, 2021).

RESULTS

The examination of the Italian herpetological col-
lections produced a catalogue including more than 1400 
species and 67 families of amphibians, and more than 
2500 species and 80 families of reptiles (respectively 1418 
and 2513 species). 

Of the amphibians, 257 (18.1%) belong to a threat 
category. Of these species, 5 (1.9%) are Extinct (EX), 47 
(18.3%) Critically Endangered (CR), 100 (38.9%) Endan-
gered (EN), and 105 (40.9%) Vulnerable (VU). Regarding 
reptiles, 210 (8.3%) belong to a threat category: one spe-
cies (0.5%) is considered EX, 32 (15,2%) CR, 74 (35.2%) 
EN, and 103 (49.1%) VU (Fig. 1). Museums and collec-
tions were quite heterogeneous, varying in size and finali-
ties. Overall, the NHMs hosting the greatest number of 
threatened species of amphibians and reptiles (> 50 spe-
cies of each group) are Genoa (174 in total), Florence 
(166 in total), and Turin (161 in total) (Fig. 2).

Amphibians hosted in the Italian institutions belong 
to 7 Gymnophiona, 52 Anura, and 8 Urodela fami-
lies, while reptiles are represented by 13 Testudines, 
one Rhyncocephalia, three Crocodylia, 38 Sauria, and 
25 Ophidia families (Appendix I). Species assessed 
as CR constitute respectively the 0.56% and 0.28% of 
the amphibian and reptile world fauna, on the basis of 
the global numbers provided by AmphibiaWeb (8384 

amphibians on 25th October 2021) and Reptile Database 
(11570 reptiles on May 2021; Uetz et al., 2021). 

Preserved CR amphibians include five urodeles and 
46 anurans (Table 2). Atelopus longirostris, Nectophry-
noides asperginis, Pseudophilautus leucorhinus, P. nasu-
tus, and P. variabilis are currently assessed as EW or EX. 
About reptiles, we found respectively 32 CR and one 
EX species, Chioninia coctei (Table 3). Four CR species 
are loricates, 14 chelonians, 12 saurians, and one snake. 
Fourteen CR reptile species and the extinct C. coctei are 
shared by more than one collection.

NHMs hosting the highest number of high threat-
ened and extinct amphibian species are respectively Turin 
(17 CR / 1 EX), Florence (13 CR / 1 EX), and Trento (15 

Fig. 1. Percentage of threatened species of amphibians (left) and 
reptiles (right) in the different IUCN categories.

Fig. 2. Presence of threatened species in Italian museums for 
amphibians (above) and reptiles (below). Museum abbreviation as 
in Table 1.
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CR / 1 EW), while for reptiles are Genoa (15 CR / 1 EX), 
Florence (11 CR / 1 EX), and Pisa (7 CR). A large part 
of the CR amphibian and reptile species (26) comes from 
a single museum/collection (Florence). The most shared 
CR species are, among the amphibians, Atelopus ignes-
cens, which is present in four collections, and, among the 
reptiles, Eretmochelys imbricata and Gavialis gangeticus, 
respectively hosted by fourteen and eleven institutions. 

A particular consideration should be deserved for the 
case of the axolotl Ambystoma mexicanum. This urodele 
species is present in 16 of the examined collections, and, 
according to the IUCN Red List, it should be assessed as 
CR. Anyhow, since it is likely that most of the preserved 
specimens derivate from captive and laboratory strains 
and given the impossibility of determining whether these 
animals (especially the historical ones) introgressed with 
Ambystoma tigrinum (Torres-Sánchez, 2020), we decided 
not to consider them within the list of threatened taxa 
housed in Italian museums.

DISCUSSION

Extinct and threatened species in scientific collections

The presence in natural history collections of 
amphibian and reptile species included within the 
IUCN’s threatened categories gives the opportunity to 
unveil aspects otherwise difficult to obtain in the wild. As 
an example, the availability of a sufficiently large voucher 
series of some frogs of the genus Mantella from Mada-
gascar allowed to investigate their fecundity (Tessa et al., 
2009), age structure (Andreone et al., 2011) and, succes-
sively, to use these parameters to draw a general model 
exploitation method (Andreone et al., 2021). 

Differently from collecting for food, traditional medi-
cine, fashion market, handicraft production, and other 
purposes, which are clearly recognized as relevant threats 
affecting rare and localized species (especially for the 
high number of traded individuals), a reasoned collect-
ing of scientific vouchers is unlikely to be or become an 

Table 2. List of Critically Endangered (CR), Extinct (EX) and Extinct in the Wild (EW) amphibian species housed in Italian natural history 
museums and their occurrence in the analysed collections. Extinct species are given in bold. Museums are reported according to the abbre-
viations provided in Table 1.

Species IUCNFamily Museums

Hynobius abei CR Hynobiidae FI
Hynobius okiensis CR Hynobiidae FI
Chiropterotriton magnipes CR Plethodontidae RM
Thorius pennatulus CR Plethodontidae FI
Pseudoeurycea goebeli CR Plethodontidae GE
Latonia nigriventer CR Alytidae FI
Arthroleptis nikeae CR Arthroleptidae TN
Atelognathus patagonicus CR Batrachylidae FI
Callulina hanseni CR Brevicipitidae TN
Callulina kanga CR Brevicipitidae TN
Callulina laphami CR Brevicipitidae TN
Callulina meteora CR Brevicipitidae TN
Callulina shengena CR Brevicipitidae TN
Callulina stanleyi CR Brevicipitidae TN
Altiphrynoides osgoodi CR Bufonidae FI
Atelopus boulengeri CR Bufonidae TO
Atelopus cruciger CR Bufonidae TO

Atelopus ignescens CR Bufonidae FI, PD, PI, 
TO

Atelopus longirostris EX Bufonidae FI
Atelopus varius CR Bufonidae PI, TO
Churamiti maridadi CR Bufonidae TN
Incilius cristatus CR Bufonidae FI
Leptophryne cruentata CR Bufonidae GE
Nectophrynoides asperginis EW Bufonidae TN
Nectophrynoides laticeps CR Bufonidae TN

Species IUCNFamily Museums

Nectophrynoides paulae CR Bufonidae TN
Nectophrynoides poyntoni CR Bufonidae TN
Nectophrynoides wendyae CR Bufonidae TN
Werneria mertensiana CR Bufonidae TN
Wolterstorffina parvipalmata CR Bufonidae TN
Craugastor fleischmanni CR Craugastoridae TO
Craugastor lineatus CR Craugastoridae FI
Craugastor milesi CR Craugastoridae GE
Hyloxalus vertebralis CR Dendrobatidae GE
Isthmohyla debilis CR Hylidae RM
Hyperolius davenporti CR Hyperoliidae TN
Pleurodema somuncurense CR Leptodactylidae FI, TO
Boophis ankarafensis CR Mantellidae TO
Boophis tsilomaro CR Mantellidae TO
Boophis williamsii CR Mantellidae TO
Guibemantis diphonus CR Mantellidae TO
Guibemantis punctatus CR Mantellidae TO
Mantella milotympanum CR Mantellidae TO
Mantidactylus pauliani CR Mantellidae TO
Platypelis karenae CR Microhylidae TO
Rana holtzi CR Ranidae FI, TO
Pseudophilautus leucorhinus EX Rhacophoridae GE
Pseudophilautus nasutus EX Rhacophoridae TO
Pseudophilautus variabilis EX Rhacophoridae GE, PI
Rhinoderma rufum CR Rhinodermatidae TO
Telmatobius laticeps CR Telmatobiidae FI, TO
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extinction cause (Rocha et al., 2014). We stress that speci-
men collection for scientific purposes is usually limited 
to a few vouchers, whose capture and collecting need to 
be authorised by national authorities and regulated by 
legislation. At the same time, we believe that the collect-
ing activity of vouchers still remains crucial and should 
be maintained, as stressed by Dubois (2003, 2010, 2017), 
to document not only the presence of rare and threatened 
species, but also biological parameters and represents an 
unsurpassed source of scientific data that are only in part 
exploited. Finally, it is often crucial to witness the pres-
ence of a species at a confirmed geographic locality, pos-
sibly integrated with further evidences, such as eDNA, 

acoustic recordings, photographs, and footage. This is 
particularly important, as the collecting of series of speci-
mens is also useful for conservation purposes, e.g., to 
identify negative trends in populations, especially in cur-
rent times which are featured by dramatic changes of cli-
matic and environmental parameters (e.g., Hoffmann et 
al., 2010; Hou et al., 2021).

Threatened and extinct species of amphibians and reptiles 
in Italian collections

Some of the analysed Italian NHMs turned out to 
be especially relevant due to the high number of species 

Table 3. List of Critically Endangered (CR) and Extinct (EX) species of reptiles and natural history museums where they are preserved. 
Extinct species are given in bold. Museums are reported according to the abbreviations provided in Table 1.

Species IUCN Family Museums

Crocodylus intermedius CR Crocodylidae PI, PR, RM
Crocodylus rhombifer CR Crocodylidae FI, GE, GR, MI, VCO-D,
Crocodylus siamensis CR Crocodylidae FI, GE, MI, NA, PI, PV, RM, TO, TO-DB, TV
Mecistops cataphractus CR Crocodylidae PI, TO
Gavialis gangeticus CR Gavialidae FI, GE, MI, NA, PI, PR, PV, RM, TO, TO-DB, TV
Eretmochelys imbricata CR Cheloniidae BG, BR, FI, GE, LI, MI, PI, PR, PV, TO, TV, UD, VCO-D, VE
Lepidochelys kempii CR Cheloniidae BG, GE
Dermatemys mawii CR Dermatemydidae TV
Batagur baska CR Geoemydidae GE
Batagur dhongoka CR Geoemydidae GE
Batagur kachunga CR Geoemydidae GE
Batagur trivittata CR Geoemydidae BG, GE
Cuora trifasciata CR Geoemydidae FI, UD
Heosemys depressa CR Geoemydidae GE
Astrochelys radiata CR Testudinidae FI, MI, NA, PI, RM, SI, TO, UD
Chelonoidis porteri CR Testudinidae RM
Geochelone platynota CR Testudinidae GE
Psammobates geometricus CR Testudinidae FI, PI, PV, RM
Testudo kleinmanni CR Testudinidae GE
Hemidactylus bouvieri CR Gekkonidae CN-B, GE
Lygodactylus williamsi CR Gekkonidae TN
Conolophus marthae CR Iguanidae RM
Acanthodactylus beershebensis CR Lacertidae FI
Acanthodactylus harranensis CR Lacertidae FI, RM-S, TO-C
Eremias pleskei CR Lacertidae TO-C
Erythrolamprus cursor CR Lacertidae GE
Gallotia simonyi CR Lacertidae GE
Podarcis raffonei CR Lacertidae FE, FI, PA, PD, RM
Liolaemus rabinoi CR Liolaemidae FI
Chioninia coctei EX Scincidae FI, GE, PA, TO, TV
Mabuya mabouya CR Scincidae FI, MI
Pseudoacontias menamainty CR Scincidae TO
Spondylurus culebrae CR Scincidae GE
Atheris matildae CR Viperidae TN
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and specimens housed in the scientific collections under 
their care, and on the amount of threatened species. Most 
of the extinct species present in these institutions were 
likely collected during general collecting activities and/
or obtained in exchange from other scientists/institu-
tions. In the case of the Kihansi spray toad Nectophry-
noides asperginis, a species from Tanzania extinct in the 
wild due to the spread of the chytrid fungus (Channing 
et al., 2006), the specimens were obtained in the context 
of structured multi-year research (Menegon et al., 2004; 
Msuya and Mohamed, 2019). The giant Cape Verde skink 
Chioninia coctei is present in a few Italian museums, 
which are Florence, Genoa, Palermo, Turin, and Trevi-
so. Of special relevance are the live individuals (around 
forty) imported by the herpetologist Mario G. Peracca at 
the end of the 19th century, and currently hosted in Turin 
(Andreone and Gavetti, 2007, 2010). Such a conspicuous 
purchase was made through an animal dealer, and was 
accompanied by the concurrent importation of some oth-
er rare or iconic live herps, i.e., Andrias japonicus, Aldab-
rachelys gigantea, Astrochelys radiata, Iguana iguana, 
and Sphenodon punctatus (Andreone and Gavetti, 1998). 
Peracca also made some interesting observations on the 
skink natural history, and then exchanged some individu-
als with other naturalists of his time, such as G. Scarpa 
in Treviso (Andreone et al., 2010). After Peracca’s death 
some of these skinks were donated (as other animals) to 
the Turin Museum, which in fact was not the commis-
sioner for the collecting of a rare and threatened species, 
but just its final repository. 

With respect to amphibians, the institution host-
ing the highest number of CR species is the Turin 
Museum, with 17 taxa, eight of which originated from 
the collecting surveys carried out during field-work in 
Madagascar (Andreone et al., 2005, 2021), followed by 
MUSE - Museo delle Scienze in Trento, with 15 spe-
cies from Tanzania and other eastern African countries. 
Further remarkable species available in Turin come 
from Latin America, mostly due to the activity of the 
Italo-Argentinean herpetologist J. M. Cei (Cei, 1993). 
Florence and Genoa are also the NHMs holding the 
highest number of CR reptile species. This highlights 
the importance of active research in the constitution of 
study collections. The CR amphibian species housed in 
Trento originated from systematic field research carried 
out over the past 20 years in the forests of the Eastern 
Afromontane Ark (Menegon et al., 2008).

Many natural history museums supported, among 
their institutional activities, survey works in unexplored 
or marginally explored areas of our planet. In particular, 
this was one of the ultimate aims of middle-large muse-
ums, where collections were usually regarded as vouch-

er repositories (Grimaldi and Engel, 2007; Engel et al., 
2021), much less for smaller museums where the educa-
tion aspects are usually prioritised.

Is scientific voucher collecting still a needed practice?

In Italy, many museums supported collecting activi-
ties in the past, but only a few ones pursue research and 
specimens collecting, especially overseas. In fact, in the 
19th century many naturalists gravitating around Ital-
ian museums were engaged to explore the World and to 
collect new materials (Mazzotti, 2011), such as A. Borel-
li, E. Festa, and F. De Filippi in Turin, L. D’Albertis, G. 
Doria, and L. Fea in Genoa, O. Beccari and E. H. Giglioli 
in Florence, G. Scortecci in Milan, O. Antinori in Peru-
gia, and many others, who mirrored the adventures and 
travels of Victorian naturalists, contributing to discover 
new species and describing the still unknown world. 
The beginning of 20th century, however, coincided with 
a decrease in such activities in most of the Italian muse-
ums: the systematic and taxonomic zoology and bot-
any that fed those travels were largely left behind, often 
considered useless and subsidiary to the newly affirmed 
organismic biology. At the same time, museums were 
often seen as mere repositories and/or expositive loca-
tions, and much less (or no more) as research centers 
(Fischer, 2015). For these reasons too, many ancient col-
lections were neglected and rarely utilised for either sci-
entific or educational purposes (Ceríaco et al., 2021).

To better frame this situation, it should also be 
remembered that many Italian museums were, and still 
are, managed by local administrations, such as munici-
palities, provinces, and regions. This often led to a dif-
ficult balance between the expositive/outreach finality 
and research/collection components, in particular since 
museums were often nested within culture or education 
departments and only rarely associated with research and/
or environmental ones. Therefore, while research was pro-
gressively relegated to a subsidiary activity, most natural 
history museums acquired a prominent expositive func-
tion, sometimes detaching the physiological link between 
these “souls”. Only a few museums appear to have escaped 
this trend, such as those of Turin (Andreone, 2013), Tren-
to (Menegon et al., 2008), Verona (Latella and Zorzin, 
2018), and Florence (Van Lien et al., 2014), whose person-
nel was able to carry out recent oversea research. 

Taking into consideration that many (16) of the ana-
lysed Italian NHMs have herpetologists as curators, it is 
worth to verify whether their presence is accompanied by 
a better knowledge of amphibian and reptile taxonomy 
in their collections. The TAEI varied from 1 (one collec-
tion) to 4 (22 collections), with a mean value of 3.41 + 
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0.82, thus indicating that most of these collections were 
revised recently. This happened mostly for small collec-
tions, which were objectively easier to be studied and cat-
alogued, and usually limited to Italian/European faunae. 

Since most of these collections are not formed 
recently, the majority of Italian collections are increas-
ingly becoming historical, with recent acquisitions largely 
due to occasional specimen collections. We consider this 
a heavy bias, since it means a loss of taxonomic expertise 
which may have a negative impact on the increase and 
valorization of scientific collections. 

Andreone et al. (2014), following a proposal by 
Minelli (2013, 2015), suggested that, in absence of a tra-
ditional national museum, a “diffuse network” or “meta-
museum” could be a solution to manage the Italian sci-
entific collections in a joint way, also to share resources 
and personnel. Although little was done to accomplish 
this proposal so far, this is still an option to be taken into 
serious consideration together with the possibility of cre-
ating a centralized coordination hub. Considering the 
present fragmentation and the scarce connection among 
museums, it is first of all important that all Italian natural 
history collections are increasingly revised and digitalized 
by each museum, hopefully using shared protocols. This 
would be enhanced by the establishment of a national 
strategy that encompasses the coordination and resource 
distribution as a priority objective.

ACKNOWLEDGEMENTS

Many friends helped us during the data collection 
and collection revisions. FA wishes to thank E. Gavetti 
and L. Ghiraldi for their assistance with maintaining and 
organizing the Turin herpetological collection. Then for 
useful discussions and practical help over the years he 
thanks A. Angulo, C. Barale, S. Bovero, M. Brocchieri, A. 
Crottini, F. Gallo, S. Gippoliti, J. Luetdke, M. Menegon, 
and V. Mercurio. Special thanks to the teams which coor-
dinated the VertEx and Extinction projects. Finally, we 
thank A. Kupfer, an anonymous referee for useful com-
ments on a preliminary version of this contribution , and 
A. Gambarelli for useful information. We dedicate this 
paper and work to the memory of two “giants” of herpe-
tology, J. M. Cei and B. Lanza.

REFERENCES

Alberch, P., Zavala, L., Miles, R. (1994): The identity cri-
sis of natural history museums at the end of the twen-
tieth century. In: Towards the museum of the future, 

pp. 195-200. Miles, R., Zavala, L., Eds, Routledge, 
London. 

AmphibiaWeb (2021): <https://amphibiaweb.org> Uni-
versity of California, Berkeley [Accessed on 3 October 
2021]

Andreone, F. (2013): Oltre 20 anni di survey erpetolog-
iche e di conservazione della biodiversità in Madagas-
car del Museo Regionale di Scienze Naturali, Torino. 
Museol. Sci. Mem. 9: 51-56. 

Andreone, F. (2015): Natural history: save Italy’s natural 
history museums. Nature 517: 271.

Andreone, F., Bartolozzi, L., Boano, G., Boero, F., Bolo-
gna, M., Bon, M., Bressi, N., Capula, M., Casale, A., 
Casiraghi, M., Chiozzi, G., Delfino, M., Doria, G., 
Durante, A., Ferrari, M., Gippoliti, S., Lanzinger, M., 
Latella, L., Maio, N., Marangoni, C., Mazzotti, S., 
Minelli, A., Muscio, G., Nicolosi, P., Pievani, T., Raz-
zetti, E., Sabella, G., Valle, M., Vomero, V., Zilli, A. 
(2014): Italian natural history museums on the verge 
of collapse? ZooKeys 456: 139-146.

Andreone, F., Boero, F., Bologna, M.A., Carpaneto, 
G.M., Castiglia, R., Gippoliti, S., Massa, B., Minelli, 
A. (2022): Reconnecting research and natural history 
museums in Italy and the need of a national collec-
tion biorepository. ZooKeys 1104: 55-68

Andreone, F., Cadle, J.E., Cox, N.A., Glaw, F., Nussbaum, 
R.A., Raxworthy, C.J., Stuart, S.N., Vallan, D., Vences, 
M. (2005): Species review of amphibian extinction 
risks in Madagascar: conclusions from the Global 
Amphibian Assessment. Cons. Biol. 19: 1790-1802. 

Andreone, F., Carpenter, A.I., Crottini, A., D’Cruze, N., 
Dubos, N., Edmonds, D., Garcia, G., Luedtke, J., Meg-
son, S., Rabemananjara, F.C.E., Randrianantoandro, 
J.C., Randrianavelona, R., Robinson, J., Vallan, D., 
Rosa, G.M. (2021): Amphibian conservation in Mada-
gascar: old and novel threats for a peculiar fauna. In: 
Status and threats of Afrotropical amphibians–Sub-
Saharan Africa, Madagascar, Western Indian Ocean 
Islands, pp. 147-186. Heatwole, H., Roedel, M., Eds., 
Chimaira, Frankfurt am Main.

Andreone, F., Corti, C. (2000): Musei naturalistici italiani, 
conservatori erpetologi e ricerca tassonomica. In: Atti 
del I Congresso Nazionale della Societas Herpetologi-
ca Italica (Torino, 1996), pp. 27-28. Giacoma, C., Ed., 
Museo Regionale di Scienze Naturali, Torino.

Andreone, F., Gavetti, E. (1998): Some remarkable speci-
mens of the giant Cape Verde skink, Macroscincus 
coctei (Dumeril & Bibron, 1839) conserved in some 
Italian natural history museums (Reptilia: Sauria: 
Scincidae). Ital. J. Zool. 65: 413-421.

Andreone, F., Gavetti, E. (2007): The life and herpetologi-
cal contributions of Mario Giacinto Peracca (1861-



54 Franco Andreone et alii

1923). Society for the study of Amphibians and Rep-
tiles, Villanova.

Andreone, F., Gavetti, E. (2010): I musei naturalistici 
metropolitani nello studio e nella conservazione della 
biodiversità erpetologica: il caso del Museo Regionale 
di Scienze Naturali di Torino. Museol. Sci. 5: 49-61.

Andreone, F., Gavetti, E., Bovero, S. (2007): Revised cata-
logue of the herpetological collection in Turin Univer-
sity. II. Chelonia and Crocodylia. Boll. Mus. Reg. Sci. 
Nat. Torino 24: 301-347.

Andreone, F., Gavetti, E., Volorio, P. (2005): Gli Anfibi e i 
Rettili del Museo di Storia Naturale “G. G. Galletti” di 
Domodossola: catalogo sistematico con note storiche 
e riflessioni sul valore scientifico delle collezioni nat-
uralistiche minori in Italia. Boll. Mus. Reg. Sci. Nat. 
Torino 23: 343-379.

Andreone, F., Giacoma, C., Guarino, F.M., Mercurio, V., 
Tessa, G. (2011): Age profile in nine Mantella poison 
frogs from Madagascar, as revealed by skeletochrono-
logical analyses. Alytes 27: 73-84.

Andreone, F., Mazzotti, S., Zanata, G. (2010): Collezioni 
erpetologiche dimenticate? L’esempio del Museo “G. 
G. Galletti” di Domodossola e del Museo “G. Scarpa” 
di Treviso. Museol. Sci. 5: 137-147.

Bakker, F.T., Antonelli, A., Clarke, J.A., Cook, J.A., 
Edwards, S.V., Ericson, P.G.P., Faurby, S., Ferrand, 
N., Gelang, M., Gillespie, R.G., Irestedt, M., Lundin, 
K., Larsson, E., Matos-Maraví, P., Müller, J., von Pro-
schwitz, T., Roderick, G.K., Schliep, A., Wahlberg, 
N., Wiedenhoeft, J., Källersjö, M. (2020): The Global 
Museum: natural history collections and the future of 
evolutionary science and public education. PeerJ 8: 
e8225.

Blackburn, D.C., Scali, S. (2014): An annotated catalog 
of the type specimens of Amphibia in the collection 
of the Museo Civico Di Storia Naturale, Milan, Italy. 
Herpetol. Monogr. 28: 24-45.

Boano, G., Delmastro, G.B. (1990): Catalogo degli anfibi 
conservati nella collezione erpetologica del Museo 
Civico di Storia Naturale di Carmagnola. Riv. Piem. 
St. Nat. 11: 195-205.

Boero, F. (2010): The study of species in the era of biodi-
versity: a tale of stupidity. Diversity 16: 115-126. 

Bressi, N. (1996): Catalogo della collezione erpetolog-
ica del Museo Civico di Storia Naturale di Trieste. 
I – Amphibia. Mus. Civ. St. Nat. Trieste. Cataloghi 1: 
1-64.

Broeckhoven, C., du Plessis, A. (2018): X-ray microto-
mography in herpetological research: a review. 
Amphibia-Reptilia 39: 377-401. 

Buckingham, E., Curry, J., Emogor, C., Tomsett, L., Coop-
er, N. (2021): Using natural history collections to 

investigate changes in pangolin (Pholidota: Manidae) 
geographic ranges through time. PeerJ 9: e10843.

Butler, D., Gee, H., MacIlwain, C. (1998): Museum 
research comes off list of endangered species. Nature 
394: 115-117. 

Capula, M., Contini, F., Venchi, A. (2011): Catalogo delle 
collezioni erpetologiche del Museo civico di Zoolo-
gia di Roma. I. Amphibia. Ann. Mus. Civ. St. Nat. “G. 
Doria” 103: 247-345.

Cei, J. M. (1993): Reptiles del nordeste, noroeste y este de 
la Argentina. Herpetofauna de las selvas subtropicales, 
Puna y Pampas. Monografia 14. Museo Regionale di 
Scienze Naturali, Torino.

Ceballos, G., Ehrlich, P.R., Barnosky, A.D., García A., 
Pringle, R.M., Palmer, T.M. (2015): Accelerated mod-
ern human–induced species losses: entering the sixth 
mass extinction. Sci. Adv. 1: e1400253.

Centis, B. (2004): Catalogo semicritico della collezione 
erpetologica del Museo di Zoologia dell’Università di 
Padova. Considerazioni sistematiche sul biacco Hiero-
phis viridiflavus (Lacépède, 1789) dell’area del Trive-
neto. Unpublished degree thesis, University of Padua.

Ceríaco, L.M.P., Parrinha, D., Marques, M.P. (2021): Sav-
ing collections: taxonomic revision of the herpetologi-
cal collection of the Instituto de Investigação Cientí-
fica Tropical, Lisbon (Portugal) with a protocol to res-
cue abandoned collections. ZooKeys 1052: 85-156.

Channing, A., Finlow-Bates, S., Haarklau, S.E., Hawkes, 
P.G. (2006): The biology and recent history of the crit-
ically endangered Kihansi Spray Toad Nectophrynoides 
asperginis in Tanzania. J. East Afr. Nat. Hist. 95: 117-
138.

Clemann, N., Rowe, K.M.C., Rowe, K.C., Raadik, T., 
Gomon, M., Menkhorst, P., Sumner, J., Bray, D., Nor-
man, M., Melville, J. (2014): Value and impacts of col-
lecting vertebrate voucher specimens, with guidelines 
for ethical collection. Mem. Mus. Victoria 72: 141-151.

Crucitti, P., Di Russo, E., Tringali, L., Calonzi, G., Calvi, 
S., Gabrieli, M., Pellecchia, N., Rusconi, P. (2021): 
Catalogo della Collezione Vertebratologica “Bened-
etto Lanza” della Società Romana di Scienze Naturali 
(CVSRSN): subphylum Vertebrata (Amphibia, Rep-
tilia, Mammalia) (2nd Ed.). SRSN Technical Papers 4: 
1-56.

Crucitti, P., Di Russo, E., Veltri Gomes, L. (2017): La 
collezione erpetologica della Società Romana di Sci-
enze Naturali (Roma). In: Atti XI Congresso Nazi-
onale Societas Herpetologica Italica, Trento 22-25.
IX.2016, pp. 353-358. Menegon, M., Rodriguez-Prieto, 
A., Deflorian, M.C., Eds, Ianieri Edizioni, Pescara.

Danini, G., Baratelli, D. (2000): Catalogo della Collezi-
one erpetologica del Museo Insubrico di Storia Natu-



55Threatened amphibians and reptiles in Italian museums

rale di Induno Olona (VA). In: Atti del 1° Congresso 
Nazionale della Societas Herpetologica Italica. Torino, 
1996, pp. 49-55. Museo Regionale di Scienze Naturali, 
Torino.

Doria, G., Salvidio, S., Tavano, M.L. (2002): Catalogo 
degli anfibi del Museo Civico di Storia Naturale “G. 
Doria” di Genova. Ann. Mus. Civ. St. Nat. “Giacomo 
Doria” 94 (2001-2002): 21-247. 

Dubois, A. (2003): The relationships between taxonomy 
and conservation biology in the century of extinc-
tions. C. R. Biol. 326 (Supplement 1): 9-21.

Dubois, A. (2010): Zoological nomenclature in the centu-
ry of extinctions: priority vs. usage. Org. Divers. Evol. 
10: 259-274.

Dubois, A. (2017): The need for reference specimens in 
zoological taxonomy and nomenclature. Bionomina 
12: 4-38.

Elter, O. (1982): La collezione erpetologica del Museo 
di Zoologia dell’Università di Torino. Cataloghi 5. 
Museo Regionale di Scienze Naturali, Torino.

Engel, M.S., Ceríaco, L.M.P., Daniel, G.M., Dellapé, 
P.M., Löbl, I., Marinov, M., Reis, R.E., Young, M.T., 
Dubois, A., Agarwal, I., Lehmann, P., Alvarado, M., 
Alvarez, N., Andreone, F., Araujo-Vieira, K., Ascher, 
J.S., Baêta, D., Baldo, D., Bandeira, S.A., Barden, 
P., Barrasso, D.A., Bendifallah, L., Bockmann, F.A., 
Böhme, W., Borkent, A., Brandão, C.R.F., Busack, 
S.D., Bybee, S.M., Channing, A., Chatzimanolis, S., 
Christenhusz, M.J. M., Crisci, J.V., D’Elía, G., Da 
Costa, L.M., Davis, S.R., De Lucena, C.A.S., Deuve, 
T., Elizalde, F.S., Faivovich, J., Farooq, H., Ferguson, 
A.W., Gippoliti, S., Gonçalves, F.M.P., Gonzalez, V.H., 
Greenbaum, E., Hinojosa-Díaz, I.A., Ineich, I., Jiang, 
J., Kahono, S., Kury, A.B., Lucinda, P.H.F., Lynch, 
J.D., Malécot, V., Marques, M.P., Marris, J.W.M., 
Mckellar, R.C., Mendes, L.F., Nihei, S.S., Nishikawa, 
K., Ohler, A., Orrico, V.G.D., Ota, H., Paiva, J., Par-
rinha, D., Pauwels, O.S.G., Pereyra, M.O., Pestana, 
L.B., Pinheiro, P.D. P., Prendini, L., Prokop, J., Ras-
mussen, C., Rödel, M.-O., Trefaut Rodrigues, M., 
Rodríguez, S.M., Salatnaya, H., Sampaio, I., Sánchez-
García, A., Shebl, M.A., Santos, B.S., Solórzano-Krae-
mer, M.M., Sousa, A.C.A., Stoev, P., Teta, P., Trape, 
J.-F., Van-Dúnem Dos Santos, C., Vasudevan, K., 
Vink, C.J., Vogel, G., Wagner, P., Wappler, T., Ware, 
J.L., Wedmann, S., Zacharie, C.K. (2021): The taxo-
nomic impediment: a shortage of taxonomists, not 
the lack of technical approaches. Zool. J. Linnean 
Soc. 193: 381-387.

Ewers-Saucedo, C., Allspach, A., Barilaro, C., Bick, A., 
Brandt, A., Fiege, D., Futing, S., Hausdorf, B., Hayer, 
S., Husemann, M., Joger, U., Kamcke, C., Kuster, M., 

Lohrmann, V., Martin, I., Michalik, P., Reinicke, G.-B, 
Schwentner, M., Stiller, M., Brandis, D. (2021): Natu-
ral history collections recapitulate 200 years of faunal 
change. Roy. Soc. Open Sci. 8: 201983.

Figueirido, B., Janis, C. M (2011): The predatory behav-
iour of the thylacine: Tasmanian tiger or marsupial 
wolf? Biol. Lett.  7: 937-940.

Findlen, P. (1996): Possessing nature: museums, collect-
ing, and scientific culture in early modern Italy. Uni-
versity of California Press, Berkeley.

Fischer, M.-S. (2015): Preserve the future - not only the 
past. Rend. Acc. Naz. Sci. detta dei XL. Mem. Sci. Fis. 
Nat. 132: 173-176.

Frost, D.R. (2021): Amphibian species of the world: an 
online reference. Version 6.1. Electronic Database 
accessible at https://amphibiansoftheworld.amnh.org/
index.php. American Museum of Natural History, 
New York. 

Funk, V.A., Hoch, P.C., Prather, L.A., Wagner, W.L. (2005): 
The importance of vouchers. Taxon 54: 127–129.

Gavetti, E., Andreone, F. (1993): Revised catalogue of 
the herpetological collection in Torino University. I. 
Amphibia. Cataloghi 10. Museo Regionale di Scienze 
Naturali, Torino.

Grimaldi, D.A., Engel, M.S. (2007): Why descriptive sci-
ence still matters. BioScience 57: 646-647.

Hoffmann, M., Hilton-Taylor, C., Angulo, A., Böhm, M., 
Brooks, T.M., Butchart, S.H., Carpenter, K.E., Chan-
son, J., Collen, B., Cox, N.A., Darwall, W.R., Dulvy, 
N.K., Harrison, L.R., Katariya, V., Pollock, C.M., 
Quader, S., Richman, N.I., Rodrigues, A.S.L., Tognelli, 
M.F., Vié, J.-C., Aguiar, J.M., Allen, D.J., Allen, G.R., 
Amori, G., Ananjeva, N.B., Andreone, F., Andrew, 
P., Aquino Ortiz, A.L., Baillie, J.E.M., Baldi, R., Bell, 
B.D., Biju, S.D., Bird, J.P., Black-Decima, P., J. Blanc, 
J.J., Bolaños, F., Bolivar-G., W., Burfield, I.J., Burton, 
J.A., Capper, D.R., Castro, F., Catullo, G., Cavanagh, 
R.D., Channing, A., Labbish Chao, N., Chenery, A.M., 
Chiozza, F., Clausnitzer, V., Collar, N.J., Collett, L.C., 
Collette, B.B., Cortez Fernandez, C.F., Craig, M.T., 
Crosby, M.J., Cumberlidge, N., Cuttelod, A., Deroch-
er, A.E., Diesmos, A.C., Donaldson, J.S., Duckworth, 
J.W., Dutson, G., Dutta, S.K., Emslie, R.H., Farjon, 
A., Fowler, S., Freyhof, J., Garshelis, D.L., Gerlach, J., 
Gower, D.J., Grant, T.D., Hammerson, G.A., Harris, 
R.B., Heaney, L.R., Hedges, S.B., Hero, J.-M., Hughes, 
B., Hussain, S.A., Icochea M., J., Inger, R.F., Ishii, N., 
Iskandar, D.T., Jenkins, R.K.B., Kaneko, Y., Kottelat, 
M., Kovacs, K.M., Kuzmin, S.L., La Marca, E., Lamor-
eux, J.F., Lau, M.W.N., Lavilla, E.O., Leus, K., Lewison, 
R.L., Lichtenstein, G., Livingstone, S.R., Lukoschek, 
V., Mallon, D.P., McGowan, P.J.K., McIvor, A., Moehl-



56 Franco Andreone et alii

man, P.D., Molur, S., Muñoz Alonso, A., Musick, J.A., 
Nowell, K., Nussbaum, R.A., Olech, W., Orlov, N.L., 
Papenfuss, T.J., Parra-Olea, G., Perrin, W.F., Polidoro, 
B.A., Pourkazemi, M., Racey, P.A., Ragle, J.S., Ram, M., 
Rathbun, G., Reynolds, R.P., Rhodin, A.G.J., Richards, 
S.J., Rodríguez, L.O., Ron, S.R., Rondinini, C., Rylands, 
A.R., Sadovy de Mitcheson, Y., Sanciangco, J.C., Sand-
ers, K.L., Santos-Barrera, G., Schipper, J., Self-Sullivan, 
C., Shi, Y., Shoemaker, A., Short, F.T., Sillero-Zubiri, 
C., Silvano, D.L., Smith, K.G., Smith, A.T., Snoeks, J., 
Stattersfield, A.J., Symes, A.J., Taber, A.B., Talukdar, 
B.K., Temple, H.J., Timmins, R., Tobias, J.A., Tsytsuli-
na, K., Tweddle, D., Ubeda, C., Valenti, S.V., van Dijk, 
P.P., Veiga, L.M., Veloso, A., Wege, D.C., Wilkinson, 
M., Williamson, E.A., Xie, F., Young, B.E., Akçakaya, 
H.R., Bennun, L., Blackburn, T.M., Boitani, L., Dublin, 
H.T., da Fonseca, G.A.B., Gascon, C., Lacher Jr., T.E., 
Mace, G.M., Mainka, S.A., McNeely, J.A., Mittermei-
er, R.A., McGregor Reid, G., Rodriguez, J.P., Rosen-
berg, A.A., Samways, M.J., Smart, J., Stein, B.A., Stuart 
S.N.(2010): The impact of conservation on the status 
of the world’s vertebrates. Science 330: 1503-1509. 

Hou, L., McMahan, C.D., McNeish, R.E., Munno, K., 
Rochman, C.M., Hoellein, T.J. (2021): A fish tale: 
a century of museum specimens reveal increasing 
microplastic concentrations in freshwater fish. Ecol. 
App. 31: e02320.

IUCN (2021): The IUCN Red List of Threatened Species. 
Version 2020-3. https://www.iucnredlist.org.

Lanza, B., Catelani, T., Lotti, S. (2005): Amphibia Gym-
nophiona and Caudata donated by Benedetto Lanza 
to the Museo di Storia Naturale, University of Flor-
ence. Catalogue with morphological, taxonomic, bio-
geographical and biological data. Atti Mus. Civ. St. 
Nat. Trieste 51: 177-266.

Lanza, B., Lotti, S., Catelani, T. (2006): Amphibia Anura 
donated by Benedetto Lanza to the Museo di Storia 
Naturale, University of Florence. Catalogue with mor-
phological, taxonomic, bio-geographical and biologi-
cal data, plus an updating of the paper on Caudata. 
Atti Mus. Civ. St. Nat. Trieste 52: 87-202.

Lapini, L. (1984): Catalogo della collezione erpetologi-
ca del Museo Friulano di Storia Naturale di Udine. 
Edizione del Museo Friulano di Storia Naturale, Udine.

Latella, L., Zorzin, R. (2008): Research in South China 
Karst. Memorie del Museo Civico di Storia Natu-
rale di Verona. 2^serie. Monografie Naturalistiche 3. 
Museo Civico di Storia Naturale di Verona, Verona.

Leonardi, M., Quaroni, A., Rigato, F., Scali, S. (1995): 
Le collezioni del Museo Civico di Storia Naturale di 
Milano. Atti Soc. Ital. Sci. Nat. Mus. Civ. Stor. Nat. 
Milano 135: 3-296.

Lorch, J.M., Price, S.J., Lankton, J.S., Drayer, A.N. (2021): 
Confirmed cases of ophidiomycosis in museum speci-
mens from as early as 1945, United States. Emerg. 
Infect. Dis. 27: 1986-1989. 

Maio, N., Eboli, M., Scillitani, G., Picariello, O. (2004): 
Gli Anfibi del Museo Zoologico dell’università di 
Napoli Federico II: Catalogo della collezione con note 
storiche. Atti Mus. Civ. St. Nat. Trieste 51: 157-177.

Mazzotti, S. (2010): Le collezioni erpetologiche dei musei 
italiani: censimento e analisi delle collezioni di anfibi 
e rettili per la loro valorizzazione scientifica. Museol. 
Sci. Mem. 5: 1-147.

Mazzotti, S. (2011): Esploratori perduti. Storie dimen-
ticate di naturalisti italiani di fine Ottocento. Codice 
Edizioni, Torino. 

Mazzotti, S., Miserocchi, D. (2009): Catalogo della collezi-
one erpetologica del Museo Civico di Storia Naturale 
di Ferrara. Ann. Mus. civ. St. nat. Ferrara 12: 33-98.

Mazzotti, S., Miserocchi, D. (2010): Un modello di 
collezione erpetologica dei musei italiani: l’esempio 
del Museo di Storia Naturale di Ferrara. In: Le collezi-
oni erpetologiche dei musei italiani: censimento e 
analisi delle collezioni di anfibi e rettili per la loro val-
orizzazione scientifica, pp. 106-117. S. Mazzotti, Ed., 
Museol. Sci. Mem., 5.

McCarter, J., Boge, G., Darlow, G. (2001): Safeguarding 
the world’s natural treasures. Science 294: 2100-2101.

Menegon, M., Doggart, N., Owen, N. (2008): The Nguru 
mountains of Tanzania, an outstanding hotspot of 
herpetofaunal diversity. Acta Herpetol. 3: 107-127.

Menegon, M., Salvidio, S., Loader, S.P. (2004): Five new 
species of Nectophrynoides Noble 1926 (Amphibia 
Anura Bufonidae) from the Eastern Arc Mountains, 
Tanzania. Trop. Zool. 17: 97-121.

Minelli, A. (2013): Il Museo virtuoso. Proposte per un 
archivio responsabile della biodiversità globale. In: 
I musei delle scienze e la biodiversità. Atti del XX 
Congresso ANMS, Ferrara, 17-19 novembre 2010, 
pp. 41-43. Mazzotti, S., Malerba, G., Eds, Museol. Sci. 
Mem. 9, Ferrara.

Minelli, A. (2015): Le collezioni dei Musei italiani di Sto-
ria Naturale nel quadro della ricerca scientifica nazi-
onale e internazionale. Rend. Accad. Naz. Sci detta dei 
XL. Mem. Sci. Fis. Nat. 132: 105-113.

Msuya, C., Mohamed, N. (2019): Reintroduction of the 
Kihansi spray toad Nectophrynoides asperginis back to 
its natural habitat by using acclimatizing cages. Tanz. 
J. Sci. 45: 570-583.

Nicolosi, P., Bardelli, G., Betto, C., Bovero, S., Calvini, 
M., Chiozzi, G., Eusebio Bergò, P., Gallo, F., Pala, R., 
Pavia, M., Podestà, M., Scali, S., Andreone, F. (2013): 
Vertebrati estinti e in via d’estinzione nei musei ital-



57Threatened amphibians and reptiles in Italian museums

iani di storia naturale: primi risultati del Progetto Ver-
tEx. Museol. Sci. 9: 69-74.

Nicolosi, P., Pievani, T., Valenti, S., Canadelli, E., Ber-
nardi, M., Lanzinger, M., Casiraghi, M., Galimberti, 
A., Pala, R., Tessa, G., Andreone, F. (2019): Fare sis-
tema per divulgare le grandi storie della natura: il 
“Progetto Estinzione” e la conservazione delle specie 
di vertebrati nei musei naturalistici italiani. Museol. 
Sci. 19: 33-37.

Reed, R. N., Shine, R. (2002): Lying in wait for extinction: 
ecological correlates of conservation status among 
Australian elapid snakes. Conserv. Biol. 16: 451-461.

Rocha, L., Aleixo, A., Allen, G., Almeda, F., Baldwin, C., 
Barclay, M., Bates, J., Bauer, A., Benzoni, F., Berns, C., 
Berumen, M., Blackburn, D., Blum, S., Bolaños, F., 
Bowie, R., Britz, R., Brown, R., Cadena, C., Carpenter, 
K., Witt, C. (2014): Specimen collection: an essential 
tool. Science 344: 814-815.

Scali, S. (1996): Cataloghi delle collezioni erpetologiche 
del Museo Civico di Storia Naturale di Milano. I. I 
serpenti italiani, con note storiche sulle collezioni 
erpetologiche. Atti Soc. Ital. Sci. Nat. Mus. Civ. Stor. 
Nat. Milano 135: 297-33.

Schilthuizen, M., Vairappan, C.S., Slade, E.M., Mann, D.J., 
Miller, J.A. (2015): Specimens as primary data: muse-
ums and open science. Trends Ecol. Evol. 30: 237-238.

Shivanna, K.R. (2020): The sixth mass extinction crisis 
and its impact on biodiversity and human welfare. 
Resonance 25: 93-109.

Sindaco, R. (1990): Catalogo dei rettili conservati nella 
collezione erpetologica del Museo Civico di Storia Nat-
urale di Carmagnola. Riv. Piem. St. Nat. 12: 141-154.

Suarez, A., Tsutsui, N. (2004): The value of museum col-
lections for research and society. BioScience 54: 66-74. 

Tessa, G., Mattioli, F., Mercurio, V., Andreone, F. (2009): 
Egg numbers and fecundity traits in nine species of 
Mantella poison frogs from arid grasslands and rain-
forests of Madagascar (Anura: Mantellidae). Conserv. 
Develop. 4: 113-119.

Torres-Sánchez, M. (2020): Variation under domestica-
tion in animal models: the case of the Mexican axo-
lotl. BMC Genomics 21: 827.

Uetz, P., Freed, P, Aguilar, R., Hošek, J. (2021): The 
Reptile Database, http://www.reptile-database.org,  
[Accessed on 15 September 2021].

Van Lien, V., Bartolozzi, L., Orbach, E., Fabiano, F., Cian-
feroni, F., Mazza, G., Bambi, S., Sbordoni, V. (2014): 
The entomological expeditions in northern Viet-
nam organised by the Vietnam National Museum of 
Nature, Hanoi and the Natural Museum of the Uni-
versity of Florence (Italy) during the period 2010-
2013. Onychium, Supplement 1: 5-55.

Vomero, V. (2013): Biodiversità, banche dati tassonom-
iche e Musei scientifici. Il progetto nazionale Coll-
Map come premessa per il lancio di un istituto diffuso 
italiano di tassonomia. Museol. Sci. Mem. 9: 21-27. 

Zuffi, M. (1990): Catalogo della Collezione Erpetologica 
del Museo Civico di Storia Naturale di Morbegno 
(SO). Il Naturalista valtellinese. Atti Mus. Civ. Stor. 
Nat. Morbegno 1: 61-78.

APPENDIX I

List of amphibian and reptile families conserved in the Ital-
ian natural history collections

AMPHIBIA
GYMNOPHIONA – Caeciliidae, Dermophiidae, Herpeli-
dae, Ichthyophiidae, Scolecomorphidae, Siphonopidae, 
Typhlonectidae. ANURA – Alsodidae, Alytidae, Arth-
roleptidae, Ascaphidae, Batrachylidae, Bombinatoridae, 
Brachycephalidae, Craugastoridae, Brevicipitidae, Bufo-
nidae, Calyptocephalellidae, Centrolenidae, Ceratoba-
trachidae, Ceratophryidae, Conrauidae, Eleutherodac-
tylidae, Cycloramphidae, Aromobatidae, Dendrobatidae, 
Dicroglossidae, Heleophrynidae, Hemiphractidae, Hemi-
sotidae, Hylidae, Hylodidae, Hyperoliidae, Leiopelmati-
dae, Leptodactylidae, Mantellidae, Megophryidae, Mic-
rixalidae, Microhylidae, Limnodynastidae, Myobatrachi-
dae, Nyctibatrachidae, Odontophrynidae, Pelobatidae, 
Pelodryadidae, Pelodytidae, Petropedetidae, Phrynobatra-
chidae, Phyllomedusidae, Pipidae, Ptychadenidae, Pyxi-
cephalidae, Ranidae, Ranixalidae, Rhacophoridae, Rhi-
nodermatidae, Rhinophrynidae, Scaphiopodidae, Telma-
tobiidae. URODELA – Ambystomatidae, Amphiumidae, 
Hynobiidae, Plethodontidae, Proteidae, Rhyacotritonidae, 
Salamandridae, Sirenidae.

REPTILIA
TESTUDINES - Emydidae, Testudinidae, Geoemydidae, 
Platysternidae, Trionychidae, Chelydridae, Der-
matemydidae, Kinosternidae, Cheloniidae, Dermochelyi-
dae, Chelidae, Pelomedusidae, Podocnemididae. RHYN-
CHOCEPHALIA – Sphenodontidae. CROCODYLIA 
–  Crocodylidae, Gavialidae, Alligatoridae. SAURIA – 
Agamidae, Chamaeleonidae, Corytophanidae, Crotaphyt-
idae, Dactyloidae, Hoplocercidae, Iguanidae, Leiocephali-
dae, Leiosauridae, Liolaemidae, Opluridae, Phryno-
somatidae, Polychrotidae, Tropiduridae, Gekkonidae, 
Carphodactylidae, Diplodactylidae, Eublepharidae, Phyl-
lodactylidae, Sphaerodactylidae, Pygopodidae, Cordyli-
dae, Gerrhosauridae, Scincidae, Xantusiidae, Gymnoph-
thalmidae, Lacertidae, Teiidae, Anguidae, Diploglossidae, 
Xenosauridae, Amphisbaenidae Blanidae, Rhineuridae, 
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Trogonophidae, Helodermatidae, Varanidae, Dibamidae. 
OPHIDIA – Acrochordidae, Cylindrophiidae, Uropelti-
dae, Loxocemidae, Pythonidae, Xenopeltidae, Boidae, 
Colubridae, Atractaspididae, Cyclocoridae, Lamprophii-
dae, Psammophiidae, Pseudaspididae, Elapidae, Anoma-
lepididae, Gerrhopilidae, Typhlopidae, Leptotyphlopidae, 
Xenotyphlopidae, Aniliidae, Homalopsidae, Pareidae, 
Tropidophiidae, Viperidae, Xenodermidae.


