An Acad Bras Cienc (2024) 96(1): 20230622 DOI 10.1590/0001-3765202420230622

Anais da Academia Brasileira de Ciéncias | Annals of the Brazilian Academy of Sciences
Printed ISSN 0001-3765 | Online ISSN 1678-2690

www.scielo.br/aabc | www.fb.com/aabcjournal

ANIMAL SCIENCE

Lack of country-wide systematic herpetology
collections in Portugal jeopardizes
future research and conservation

BRUNA S. SANTOS, MARIANA P. MARQUES & LUIS M.P. CERIACO

Abstract: Natural History Collections (NHCs) represent the world’s largest repositories
of long-term biodiversity datasets. Specimen collection and voucher deposition has
been the backbone of NHCs since their inception, but recent decades have seen a
drastic decline in rates of growth via active collecting. Amphibians and reptiles are
amongst the most threatened zoological groups on the planet and are historically
underrepresented in most worldwide NHCs. As part of an ongoing project to review the
Portuguese zoological collections in the country’s NHCs, herpetological data from its
three major museums and smaller collections was gathered and used to examine the
coverage and representation of the different taxa extant in Portugal. These collections
are not taxonomically, geographically, or temporally complete. Approximately 90% of the
Portuguese herpetological taxa are represented in the country’s NHCs, and around half
of the taxa are represented by less than 50 specimens. Geographically, the collections
cover less than 30% of the country’s territory and almost all of the occurring taxa have
less than 10% of their known distribution represented in the collections. A discussion on
the implications for science of such incomplete collections and a review of the current
status of Portuguese NHCs is presented.
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INTRODUCTION

Human activities are causing the loss of
the planet’s biodiversity at an accelerated
rate (Dirzo et al. 2014). The extinction rate of
vertebrates has steeply increased over the
last 200 years (Ceballos et al. 2015) and it is
unclear how biodiversity will respond to the
growing threat of climate change and what
the long-term consequences of human activity
will be (Johnson et al. 2011). Natural History
Collections (NHCs) represent the world’s biggest
repositories of long-term biodiversity datasets,
with unparalleled geographic, temporal, and
taxonomic scope (Heberling et al. 2021, Hedrick
et al. 2020, Hilton et al. 2021, Miller et al. 2020).
More than 250 years of collecting history provide

a unique glimpse into the evolution of species
and constitute essential data for researchers
and conservationists.

With the emergence of new technologies
and novel approaches, NHCs have proven to be a
unique resource to address newfound scientific
questions, as well as current ecological and
social demands (Gardner et al. 2014, Malaney
& Cook 2018, Prather et al. 2004). These new
approaches considerably increase the amount
of data that each specimen can vyield and, at
the same time, digitization of associated data
make information more readily available to
the scientific community and the general
public (Ferguson 2020, Hedrick et al. 2020,
Meineke et al. 2018, Miller et al. 2020, Nelson &
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Ellis 2018, Schindel & Cook 2018, Singer et al.
2018, Shirey et al. 2021, Soroye et al. 2020). The
current importance of NHCs in public education
and interdisciplinary research has also been
highlighted (Bakker et al. 2020, Monfils et
al. 2022), and the creation of an “extended
specimen network” (Lendemer et al. 2020) has
considerably enhanced the research potential
of specimens. More recently, NHCs were also
recognized as an invaluable resource in the fight
against pathogens and pandemics (DiEuliis et al.
2016, Dunnum et al. 2017, Thompson et al. 2021),
although still underutilized in this regard (Cook
et al. 2020).

NHCs can also be seen as strategic
repositories of the world’s genetic diversity.
Maybe the best example of such a global
repository is the Svalbard Global Seed Vault
(SGSV). Currently home to over one million
seeds from more than 5,000 species, the
SGSV serves as a “doomsday” vault, aiming
to secure the world’s future food supplies
and the preservation of crop genetic diversity
(Breen 2015, Fowler 2008, Svalbard Global Seed
Vault 2022). In theory, the world’s NHCs should
altogether function as a distributed network of
a global vault. Each country should have its own
biodiversity and genetic diversity represented in
its local NHCs, ready to be accessed, consulted,
and used whenever necessary. However, it is
unclear if local NHCs presently maintain well-
characterized and complete coverage of the local
biodiversity and its genetic diversity. Several
questions remain to be answered for most
countriesand their NHCs: Do local NHCs currently
possess a complete taxonomic coverage of their
country’s biodiversity? Do specimens housed
in local NHCs represent the known geographic
distribution (and therefore, genetic diversity) of
the occurring taxa? Can existing collections of
specimens be used as robust times series for a
given taxon in a given region?

HERPETOLOGICAL COLLECTIONS IN PORTUGAL

While specimen collection and deposition
of voucher specimens in NHCs has served as
the foundation of natural history and biological
sciences over past centuries, voucher-collection
rates have consistently declined in the last
decades around the world (Gardner et al. 2014,
Malaney & Cook 2018, Prather et al. 2004, Rocha
et al. 2014, Rohwer et al. 2022, Singer et al. 2018,
Shirey et al. 2021, Thompson et al. 2021, Troudet et
al. 2018, Turney et al. 2015). This situation poses
considerable challenges for present and future
research, and threatens our ability to answer
the problems posed by the current biodiversity
crisis to the world'’s biota and humankind.

Amphibians and reptiles are amongst some
of the most threatened zoological groups on
the planet (Cox et al. 2022). Contrary to other
charismatic and popular animal groups, which
have been extensively collected and studied
by both amateurs and professionals, such as
butterflies and birds (Fischer et al. 2021, Wei et
al. 2016), amphibians and reptiles are usually
underrepresented in worldwide natural history
collections. This global trend is evident when
we scale down to country level and compare the
size and richness of herpetological collections
to their bird and insect counterparts. As part
of an ongoing project to review the zoological
collections in Portuguese natural history
museums, we have gathered the available
metadata of all specimens of Portuguese
amphibians and terrestrial reptiles. Portugal
is part of the Iberian Peninsula biodiversity
hotspot (Myers et al. 2000, Rosso et al. 2017),
and hosts a spectacular herpetological diversity
considering its size, with a total of 22 and 37
species of terrestrial amphibians and reptiles
occurring in the country, of which % are Iberian
endemics (Frost 2023, Uetz et al. 2022). Of the
non-endemic taxa, six represent established
alien introductions. The majority of species are
considered ‘Least Concern’, although six are
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currently assigned endangered status (see Table
Il; IUCN 2023). Using the available datasets, we
examined the coverage and representation of
the different taxa at a country level. We describe
differences in collecting trends across different
institutions, and explore potential taxonomic,
temporal, and geographic biases in collecting
efforts.

EVALUATION OF THE HERPETOLOGICAL
SPECIMEN DATA

To assess the current situation of Portuguese
herpetological NHCs, we consulted the
collections of the three main Portuguese Natural
History Museums (Figure 1) - the Museu Nacional
de Historia Natural e da Ciéncia (MUHNAC,
Lisbon), the Museu da Ciéncia da Universidade
de Coimbra (MCUC, Coimbra), and the Museu de
Historia Natural e da Ciéncia da Universidade do
Porto (MHNC-UP, Porto) - all part of large public
universities, as well as a smaller collection
in the Madeira archipelago (MMF). For each
collection, we gathered metadata associated
with existing specimens, namely their taxonomic
identification, collecting date, and locality. Data
from MUHNAC specimens are already available
on GBIF (Ceriaco 2016, Ceriaco & Marques 2019),
while data from the remaining institutions were
gathered through a combination of what was
available in the existing non-published internal
databases, catalogs, and physical examination
of the collections. MUHNAC records prior to
1978 are based on published catalogs (Crespo
1971, 1972, 1975), as a catastrophic fire destroyed
almost the entire zoological collection at that
time. Whenever possible, and especially for
dubious identifications/difficult taxonomic
groups, we personally examined and reviewed
the identification of the specimens. A total
of 4950 specimens with associated data were
recorded in the studied collections. Collecting

HERPETOLOGICAL COLLECTIONS IN PORTUGAL

Figure 1. Herpetological collections of the three main
NHCs in Portugal: a) Museu Nacional de Historia
Natural e da Ciéncia (MUHNAC, Lisbon), b) Museu da
Ciéncia da Universidade de Coimbra (MCUC, Coimbra),
and c) Museu de Historia Natural e da Ciéncia da
Universidade do Porto (MHNC-UP, Porto). Note that
the herpetological collections of MCUC are mostly still
deposited in the main exhibition areas, following the
typical arrangement of nineteenth century museums.
Photos by Luis M. P. Ceriaco.

date data was standardized following Darwin
Core standards (Darwin Core 2022) and locality
data was, whenever possible, georeferenced
following the protocols of Chapman & Wieczorek
(2020). Specimens lacking geographic and
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temporal data were not considered. Taxonomy
and nomenclature follow Speybroeck et al.
(2020), and the list of accepted occurring species
in the country (both native and introduced) is
presented in Table II. To assess the geographic
representativeness of the available collections,
we mapped the specimens of the different
taxa against their known distribution ranges.
For distribution range maps, we predominantly
used those available from the IUCN Red List
Assessments, but, when deemed necessary (due
to the availability of new taxonomic arrangement
or distribution data), these maps were updated
to reflect current knowledge. Marine turtle
species were not included in this assessment.

TAXONOMIC REPRESENTATION

Approximately 90% of the herpetological taxa
(53 of the 59 species) occurring in Portugal are
represented in the Portuguese museums. Of the
species not represented in the collections, three
are invasive (Triturus carnifex, Podarcis siculus
and Indotyphlops braminus), one is of dubious
presence in the country (Podarcis vaucheri),
and the other two (Lissotriton maltzani and
Podarcis guadarramae) were recently elevated
to full species status after molecular analysis
(Caeiro-Dias et al. 2021, Sequeira et al. 2019).
Only two invasive species are represented in the
collections, Xenopus laevis and Hemidactylus
mabouia. When considering the taxonomic
representation within individual collections,
there are considerable differences amongst
them. MUHNAC's collections are the most
taxonomically diverse, with 52 out of 59 taxa
represented, and holding 84.6% of the existing
specimens in Portuguese museums (Table I).
MCUC's collection covers 71.2% (42 of 59) of the
occurring taxa, and its collections correspond to
a total of 7.5% of the existing specimens in the
country. MHNC-UP’s collection contains 69.5%

HERPETOLOGICAL COLLECTIONS IN PORTUGAL

(41 of 59) of the taxa and correspond to a total
of 7.2% of the existing specimens in the country.
The remaining analyzed collections present an
anecdotal number of specimens and taxa (Table
).

Lissotriton boscai, Teira dugesii and Triturus
marmoratus are the three most represented
native species in the collections, corresponding
t0 27% of all existing specimens —while Pelodytes
ibericus, Coronella austriaca and Macroprotodon
brevis are the least represented (Table I). The
invasive species Xenopus laevis is the second
most represented taxon. Almost half of the taxa
(24) are represented by less than 50 specimens,
and eight species are represented by 10 or less
specimens in the combined country collections
(Table I). Currently, 14 taxa exist in only one or
two of the museums.

COLLECTING PATTERNS THROUGH TIME

Collecting has not been consistent through
time, neither at national nor institutional level.
Figure 2 summarizes the number of amassed
Portuguese herpetological specimens in the
three largest museums — MUHNAC, MHNC-UP,
and MCUC - throughout the years, from the
first recorded collections in the mid-1850s to
late 2020. MCUC and MHNC-UP specimens date
back to the nineteenth century, while MUHNAC's
collections are mostly from the 1980s onwards,
as its previous collections were completely
destroyed by the 1978 fire (Figure 3). Prior to that
event, MUHNAC had six times more specimens
thanthe other two museums combined. MUHNAC
had its collecting peak during the 1970s and
1980s (Figure 2a). At the time, several research
groups were associated with the museum and
yearly collecting expeditions contributed a
great deal to the growth of the collection. The
trend continued in the 1980s, especially in an
effort to rebuild the collections after the fire
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Table I. Taxonomic diversity of amphibians and terrestrial reptiles occurring in Portugal, and corresponding
number of existing specimens for each species in the consulted museum/collection. Asterisks (*) denote
introduced species.

Taxa MCUC MHNC-UP MUHNAC MMF TOTAL
Amphibia
Golden-striped Salamander _
Chioglossa lusitanica > > 2/ 37
Sharp-ribbed Newt )
Pleurodeles waltl 6 8 2/ ol
Fire Salamander
Salamandra salamandra 6 6 34 ) 46
Bosca's Newt 3 18 705 - 736
Lissotriton boscai
Palmate Newt
Lissotriton helveticus 2 3 4 ) >2
Algarve Newt _ . . _ 0
Lissotriton maltzani
Italian Crested Newt ) ) . ) 0
* Triturus carnifex
Marbled Newt
Triturus marmoratus 9 12 280 ) 301
Southern Marbled Newt
. - - 97 - 97
Triturus pygmaeus
Iberian Midwife Toad
Alytes cisternasii 2 2 3
Common Midwife Toad
Alytes obstetricans n 10 179 ) 200
Iberian Painted Frog 6 6 67 ) 79
Discoglossus galganoi
Western Spadefoot Toad .
Pelobates cultripes 6 4 7 87
Lusitanian Parsley Frog )
Pelodytes atlanticus > 2 7 84
Iberian Parsley Frog . } 4 ) 4
Pelodytes ibericus
Spiny Toad )
Bufo spinosus n / 28 46
Natterjack Toad - 6 33 ) 54
Epidalea calamita
Mediterranean Tree Frog .
Hyla meridionalis > 2 86 93
Iberian Tree Frog 9 ] 155 ) 165

Hyla molleri
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Table I. Continuation.

Iberian Stream Frog
Rana iberica

Iberian Water Frog
Pelophylax perezi

Platanna Frog
* Xenopus laevis

European Pond Terrapin
Emys orbicularis

Spanish Terrapin
Mauremys leprosa

Tropical House Gecko
* Hemidactylus mabouia

Turkish Gecko
Hemidactylus turcicus

Moorish Gecko
Tarentola mauritanica

Selvagens’ Gecko
Tarentola boettgeri bischoffi

Mediterranean Chameleon
Chamaeleo chamaeleon

Slow Worm
Anguis fragilis

Spinyfooted Lizard
Acanthodactylus erythrurus

West Iberian Rock Lizard
Iberolacerta monticola

Schreiber’s Green Lizard
Lacerta schreiberi

Bocage's Wall Lizard
Podarcis bocagei

Carbonell’'s Wall Lizard
Podarcis carbonelli

Guadarrama Wall Lizard
Podarcis guadarramae

Lusitanian Wall Lizard
Podarcis lusitanicus

Vaucher's Wall Lizard
* Podarcis vaucheri

Geniez's Wall Lizard
Podarcis cf. virescens

10

n

22

18

15

Reptilia

2

10
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Table I. Continuation.

Italian Wall Lizard
* Podarcis siculus

Large Psammodromus
Psammodromus algirus

Western Psammodromus
Psammodromus occidentalis

Madeiran Wall Lizard
Teira dugesii

Ocellated Lizard
Timon lepidus

Bedriaga’s Skink
Chalcides bedriagai

Iberian Threetoed Skink
Chalcides striatus

Iberian Worm Lizard
Blanus cinereus

Vandelli's Worm Lizard
Blanus vandellii

Flowerpot Snake
* Indotyphlops braminus

Horseshoe Whip Snake
Hemorrhois hippocrepis

Smooth Snake
Coronella austriaca

Southern Smooth Snake
Coronella girondica

Ladder Snake
Zamenis scalaris

Iberian False Smooth Snake
Macroprotodon brevis

Iberian Grass Snake
Natrix astreptophora

Viperine Snake
Natrix maura

Western Montpellier Snake
Malpolon monspessulanus

Lataste's Viper
Vipera latastei

Seoane’s Viper
Vipera seoanei

TOTAL

16

22

14

18

12

10

13

17

15

370

16

13

100

354
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(Figure 3). Historically, MUHNAC held the oldest
herpetological collections in the country and
reached the highest collecting peaks, with over
400 amphibiansand 400 reptiles collected during
the most productive years (Figure 2a). The most
recent collecting peak results from an on-going
eradication project of the invasive platanna frog,
Xenopus laevis (Sousa et al. 2021), with MUHNAC
housing the resulting collections. MCUC had an
initial collecting peak between 1880 and early
1890s, a time when the museum was particularly
active in the study of Portuguese fauna (Ceriaco
2021), but observed a considerable decrease of

HERPETOLOGICAL COLLECTIONS IN PORTUGAL

collected specimens in the following decades,
reaching a complete halt in 1956 (Figure 2b).
MHNC-UP’s collection was also predominantly
amassed between the late 1890s and early
1900s, which largely correspond to the founding
of the museum (Cerfaco 2021), and spent the
majority of the following century with less than
five specimens recorded per year (Figure 2c). The
1990s to early 2000s collecting peak results from
recent additions to the collections, donated
from the personal collection of a researcher.

500

400

300

200

100

Figure 2. Recorded collections
of Portuguese amphibians
and reptiles per year from the
1850s to 2020 for the MUHNAC
| (a), McucC (b) and MHNC-UP (c).
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HERPETOLOGICAL COLLECTIONS IN PORTUGAL
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Figure 3. Aggregated growth of the MUHNAC (pink), MCUC (yellow) and MHNC-UP (blue) herpetological collections
through time. Only specimens with available collecting date were used in this analysis.

GEOGRAPHIC COVERAGE

Overall, the country-wide collecting effort is
geographically biased, with some quadrants
more intensely surveyed than others (Figure
4). Several regions, such as conservation areas
[Parque Nacional da Peneda-Gerés (PNPG);
Serra de Sao Mamede] or the vicinities of where
the three main museums are located (Lisbon,
Coimbra and Porto) have considerably higher
collecting efforts, while smaller clusters are also
found in the southwestern-most region of the
country, as well as Tras-os-Montes, Serra da
Estrela and Alto Alentejo. A total of 613 distinct
localities were recorded, although 326 (53%) of
those are based on the collection of a single
specimen.

Focusing on the collecting effort associated
with the different institutions, the biases
become more evident. MHNC-UP specimens are
mainly from northern Portugal, with particular

bias towards the metropolitan area of Porto;
MCUC specimens also originated mostly from
Coimbra and its surroundings, while MUHNAC
covers much of the Portuguese continental
territory, and even has some records from the
archipelagos (Figure 5). MUHNAC also holds
considerable numbers from two of the main
conservation areas in the country, the Parque
Nacional da Peneda-Gerés and its surroundings,
as well as Serra de Sao Mamede and vicinities,
reflecting specific interests of contemporaneous
collectors (Caetano 1982, 1990, Caetano M.H.,
unpublished data, Crespo et al. 1995, Pargana et
al. 1996). Not surprisingly, the MMF collections
all originate from the Madeira, Porto Santo and
Selvagens Islands.

Dividing the country into a 10x10 km UTM
grid based on the European Terrestrial Reference
System 1989 (ETRS89), as used in the most
recent atlas of the Portuguese herpetofauna
(Loureiro et al. 2008), shows that only 31.9% of
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the mainland territory and 34.6% and 2.9% of the
Madeira and Azores archipelagos respectively,
have records (Figure 6). Around 67.2% of these
squares are represented by a unique collecting
locality. Detailed accounts for each species using
the same 10x10 km grid and specimen records
in comparison to their known distribution are
presented in Figures 7-16.

All but three taxa, the Iberian endemic
Vipera seoanei, the invasive Xenopus laevis and
Tarentola boettgeri bischoffi, endemic to the
Selvagens islets, have less than 10% of their
known distribution represented inthe collections
(Table II; Figures 16f, 10b, 12a respectively). There
are no significant differences between endemic
and non-endemic species, nor between

An Acad Bras Cienc (2024) 96(1)
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Figure 4. Map of
collecting localities
for all collections.
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Increasmg circle size
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¥
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species with different conservation status.
Only one taxon has its distribution completely
represented in the collections, Xenopus laevis,
which is easily understandable as the species
is limited to a small stream on the outskirts
of the Oeiras municipality, western Portugal
(Figure 10a; Sousa et al. 2021). As an island
endemic, Tarentola boettgeri bischoffi has 25%
of its known extent of occurrence covered in the
collections, also explained by its very limited
distribution range in the Selvagens islets (Figure
12a).
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Figure 5. Map of
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Figure 6. Map of collecting
localities for all collections,
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Figure 7. Distribution
maps of a) Chioglossa
lusitanica, b)
Pleurodeles waltl,

¢) Salamandra
salamandra, d)
Lissotriton boscai,

e) Lissotriton
helveticus, and f)
Triturus marmoratus
comparing museum
records (black dots)
with the species’
known extent in
Portugal (pink).
Respective collecting
event chronograms
are also presented.
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Figure 8. Distribution
maps of a) Triturus
pygmaeus, b)
Alytes cisternasii, c)
Alytes obstetricans,
d) Discoglossus
galganoi, e) Pelobates
cultripes, and f)
Pelodytes atlanticus
comparing museum
« g records (black dots)
@ g with the species’
S SEaus known extent in
g Portugal (pink).
Respective collecting
event chronograms
are also presented.

QU
T\
3
N
N
&
maay)
oy
¢
¢
{
(op

—
T

S G

~~—_

)
1
6,,r\~V\" ,

Y

Triturus pygmaeus, % representation - 2.02. Alytes cisternasii, % representation - 1.52. Alytes obstetricans, % representation - 5.60.

B

- B
B

S s
“

10 10
2

T 10 190 1520 1590 W0 1500 2000 010

i@ T 10 BB 190 190 B0 1000 00

W0 10 1900 190 190 1960 1980 2000 2020

T
AR N
f thlr JEAN ym;,
I T

! i3
g
3
{
)
74
?
8§

(}

N

J

{

bt 4
—
'\?’
Pelobates cultripes, % representation - 1.18. Pelodytes atlanticus, % representation - 1.12.

N

THEO TR 100 19 1540 190 1980 7000 202

W 10 00 10 10 90 1980 2000 T80 O g w0 1560 W0 190 190 woE 2000 2000

An Acad Bras Cienc (2024) 96(1) €20230622 13| 35



BRUNA S. SANTOS et al. HERPETOLOGICAL COLLECTIONS IN PORTUGAL

Figure 9. Distribution
maps of a) Pelodytes
ibericus, b) Bufo
spinosus, c) Epidalea
calamita, d) Hyla
meridionalis, e) Hyla
molleri, and f) Rana
iberica comparing
museum records
(black dots) with the
species’ known extent
in Portugal (pink).
Respective collecting
event chronograms are
also presented.
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Figure 10. Distribution maps of a) Pelophylax perezi, b) Xenopus laevis (with close up), comparing museum records
(black dots) with the species’ known extent in Portugal (pink). Respective collecting event chronograms are also

presented.

COLLECTION DECLINE

Although specimen collecting remains an
essential tool for biological research (Rocha et
al. 2014) and the enrichment of collections is
fundamental to keep NHCs relevant for future
research (Fischer et al. 2021, Hope et al. 2018,
Miller et al. 2020, Prather et al. 2004), the global
trend for over half a century has been a steep
decline in collecting efforts. A recent analysis
of GBIF data from 245 institutions uncovered
a decline of more than 50% in new records
for amphibians, reptiles, birds and mammals
between 1965 and 2018 (Rohwer et al. 2022).
Both the emergence of legislation like the

Wildlife Conservation and Protection Acts in the
1950s and the CITES treaty, as well as a change
in societal values and strong feelings against
killing animals (Hope et al. 2018) contributed to
a reduction of collected specimens throughout
the years. Other major drivers were global events
like the World Wars, economic crashes and
pandemics. In fact, World War Il (WWII) caused
the first major dip in specimen deposition in
NHCs (Rohwer et al. 2022), with collecting efforts
becoming very scarce for most vertebrate groups
globally. The only event with an impact of the
same magnitude was the COVID-19 pandemic,
with collecting numbers hitting rock bottom,
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Emys orbicularis, % representation - 0.37. Mauremys leprosa, % representation - 2.49.

Hemidactylus turcicus, % representation - 3.37.
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fewer even than during WWII and comparable
to those recorded for most vertebrate groups
prior to the 1900s (see data in Rohwer et al.
2022). Changes in societal values are reflected
in the scientific community, and a growing
number of researchers are opting not to collect
zoological specimens, arguing that this can
play a significant role in species extinctions

HERPETOLOGICAL COLLECTIONS IN PORTUGAL

Figure 11. Distribution
maps of a) Emys
orbicularis, b) Mauremys
leprosa, c) Hemidactylus
mabouia, d) Hemidactylus
turcicus and e) Tarentola
mauritanica, comparing
museum records (black
dots) with the species’
known extent in Portugal
(pink). Respective
collecting event
chronograms are also
presented.

Hemidactylus mabouia, % representation - 7.69.

Tarentola mauritanica, % representation - 2.41.
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(Byrne 2023, Minteer et al. 2014, Rocha et al.
2014). Despite that being discounted almost a
decade ago (Rocha et al. 2014), observation-
based occurrences and non-invasive sampling
are increasingly common practice (Gaiji et al.
2013, Troudet et al. 2018), with new methods
being developed (Balazs et al. 2020, Emami-
Khoyi et al. 2021, Schilling et al. 2022). Salvador &
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Cunha (2020) warned of the dangers of declines
in collecting, which contradict the “scientific
standards of reproducibility” and jeopardize
future research with emerging gaps in collection
coverage.

Portuguese NHCs have been experiencing
a considerable deceleration in accessioning
new specimens and collections, probably in a

HERPETOLOGICAL COLLECTIONS IN PORTUGAL

Figure 12. Distribution
maps of a) Tarentola
boettgeri bischoffi, b)
Chamaeleo chamaeleon,
c) Anguis fragilis,

d) Acanthodactylus
erythrurus, e) Iberolacerta
monticola and f) Lacerta
schreiberi, comparing
museum records (black
dots) with the species’
known extent in Portugal
(pink). Respective
collecting event
chronograms are also
presented.

Anguis fragilis, % representation - 2.89.

Lacerta schreiberi, % representation - 1.51.

I

considerably more drastic way than most of its
international counterparts. Some collections
have not significantly incorporated any new
material during the last two decades (Figure
2). Portuguese NHCs growth has always been
impacted by external factors and was never
regular enough to be able to build and establish
good temporal series of the occurring taxa. Each
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Podarcis bocagei, % representation - 8.20. Podarcis carbonelli, % representation - 5.91.

Podarcis cf. virescens, % representation - 2.39. algirus, %

-4.15.

HERPETOLOGICAL COLLECTIONS IN PORTUGAL

Figure 13. Distribution
maps of a) Podarcis
bocagei, b) Podarcis
carbonelli, ¢) Podarcis
lusitanicus, d) Podarcis
cf. virescens, e)
Psammodromus algirus
and f) Psammodromus
occidentalis, comparing
museum records
(black dots) with the
species’ known extent
in Portugal (pink).
Respective collecting
event chronograms are
also presented.

Podarcis lusitanicus, % representation - 6.23.

occidentalis, % representation - 1.58

museum’s collecting history reflects both the
internal struggles of the institutions and their
importance from a national standpoint. In
the case of MUHNAC, most notably during the
1970s and 1980s, expeditions would somewhat
regularly be organized by researchers affiliated
with the museum, which greatly contributed
to collection growth. Another common way

collections received new specimens during the
nineteenth and early twentieth century was
through amateur naturalists, in many cases
represented by regional locals, who would
collect specimens and donate them to the
closest museum. This increased locality bias but
provided, at least in theory, better time-series
for some of the species.
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Timon lepidus, % representation - 5.73.
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Figure 14. Distribution
maps of a) Teira dugesii,
b) Timon lepidus, c)
Chalcides bedriagai and
d) Chalcides striatus,
comparing museum
records (black dots)
with the species’ known
extent in Portugal (pink).
Respective collecting
event chronograms are
also presented.
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Figure 15. Distribution

maps of a) Blanus cinereus,
b) Blanus vandellii, c)
Hemorrhois hippocrepis and
d) Coronella austriaca, e)
Coronella girondica and f)
Zamenis scalaris, comparing
museum records (black
dots) with the species’
known extent in Portugal
(pink). Respective collecting
event chronograms are also
presented.
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Natrix astreptophora, % representation - 3.16.

Macrop don brevis, % rep ion - 0.65.

Malpolon monspessulanus, % representation - 6.32.

Vipera latastei, % representation - 3.36.

IMPACTS ON PRESENT AND
FUTURE RESEARCH

The taxonomic, geographical and temporal
biases of the Portuguese herpetological
collections have clear impacts on current and
future scientific research, as well as species

HERPETOLOGICAL COLLECTIONS IN PORTUGAL

Figure 16. Distribution
maps of a)
Macroprotodon brevis,
b) Natrix astreptophora,
¢) Natrix maura

and d) Malpolon
monspessulanus, e)
Vipera latastei and

f) Vipera seoanei,
comparing museum
records (black dots)
with the species’ known
extent in Portugal (pink).
Respective collecting
event chronograms are
also presented.

Natrix maura, % representation - 6.61.

Vipera seoanei, % representation - 11.63.

JHERE) RESERNA AN

conservation and teaching applications. The
disconnect between Portuguese museums
and its scientific community starts early in the
academic career of researchers due to little to
no interaction between museums and faculty
students. This minimal exposure combined with
lack of funds and training of new personnel in
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museum techniques and specimen preservation,
leads to recruitment of professionals for paid
positions in museums becoming rarer and rarer
(Dalton 2003, Salvador & Cunha 2020). This
situation affects the accessibility and reliability
of the associated data, as several types of studies
rely on digitized NHCs data, which at this point
is neither publicly available through accessible
databases, nor fully digitized or taxonomically
reviewed due to lack of staff.

The absence of new accessioned specimens
does not reflect the current landscape of
studies regarding Portuguese herpetofauna. In
the last fifteen years, several studies addressed
the phylogeography and biogeography of
Portuguese herpetofauna (Ambu et al. 2023,
Camacho-Sanchez et al. 2020, Faria et al. 2021,
Machado et al. 2021, Marques et al. 2022 b, Pinho
etal. 2009, 2011, Rato et al. 2013, 2016, Sampaio et
al. 2014, Santos et al. 20123, b, Vences et al. 2014),
its morphology and physiology (Enriquez-Urzelai
et al. 2015, Kaliontzopoulou et al. 2012, Lucchini
etal. 2020, Marques et al. 2022 a, Martinez-Castro
et al. 2021, Martinez-Gil et al. 2022, Massetti et
al. 2017, 2018, Pinho et al. 2022), the revision of
long-standing taxonomic and nomenclatural
problems (Arntzen 2018, Arntzen et al. 2021,
Ceriaco & Bauer 2018, Caeiro-Dias et al. 2018,
2021, Dubois & Raffaélli 2009, Geniez et al. 2014,
Sequeira et al. 2019), the impact of pathogens
on natural populations (De Sousa et al. 2012,
Rosa et al. 2022, Stohr et al. 2015, Thumsova
et al. 2022), and even the description of new
species (Dias-Rodriguez et al. 2017, Geniez et al.
2014, Fitze et al. 2012). However, the majority of
specimens used in these studies were either
not deposited in Portuguese NHCs or voucher
specimens were simply not collected at all and
instead substituted by non-lethal methods such
as a tail and/or toe clipping and photographs.

There are several examples of this lack of
collection and deposition of voucher specimens

HERPETOLOGICAL COLLECTIONS IN PORTUGAL

in the above cited studies. Caeiro-Dias et
al. (2018, 2021) have been dealing with the
phylogeography and taxonomy of the Podarcis
hispanicus species complex. Despite the large
number of studies published in the last twenty
years on the subject (see Caeiro-Dias et al. 2018
for a detailed list), the specimens used in these
studies have not been deposited in any of the
Portuguese NHCs. The P. hispanicus species
complex has a considerable conservative
morphology, which led Caeiro-Dias et al. (2021)
to consider two of the recently elevated species,
P lusitanicus and P guadarramae, “real cryptic
species”, only distinguishable through the
analysis of their mitochondrial DNA. However,
the authors provided no morphological data
nor the catalog numbers of the examined
specimens, only stating that they were housed
in the author’s research center (not a public
NHC). This lack of data regarding the specimens,
and those not being housed in any accessible
collection blocks any attempts to replicate the
author's results or to review the specimens
using other morphological methods in order to
attempt to find diagnosable characters for the
two putatively morphologically indistinguishable
species. The authors also did not refer to any of
the available specimens in the MUHNAC, MCUC
or MHNC-UP collections, reinforcing the notion
of the dissociation between researchers and
the Portuguese museums. This disconnect is
observed in almost all of the above cited recent
studies, where the authors do not refer to the
deposition of specimens in Portuguese NHCs,
nor the use of the already available specimens.
This is showcased, e.g,, in a recent study on the
phenotypic variation of Eurasian viper species,
where the authors used data from photographs
and museumspecimenstoassessitsrelationwith
macroevolutionary patterns and environmental
factors (Martinez-Castro et al. 2021). Despite the
existence of several specimens of two of the
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Table II. Conservation status and percentage of representation of Portuguese herpetofauna. * Denotes invasive
species. ** IUCN assessment as Podarcis hispanicus. *** IlUCN assessment as Psammodromus hispanicus.
Conservation Status: LC - Least Concern, NT - Near Threatened, VU - Vulnerable, EN - Endangered, NE - Not
evaluated.

IUCN Number of

Taxa Conservation g:ﬁ;i:l?c represented rz;:zzgﬁtgaiigfl Map
Status squares
Amphibia
Chioglossa lusitanica NT Yes 7/281 2.49 Figure 7a
Pleurodeles waltl NT Yes 13/745 2.74 Figure 7b
Salamandra salamandra LC No 24/987 2.43 Figure 7c
Lissotriton boscai LC Yes 29/970 2.99 Figure 7d
Lissotriton helveticus LC No 4154 2.60 Figure 7e
Lissotriton maltzani LC Yes - - -
* Triturus carnifex LC No - - -

Triturus marmoratus LC Yes 21/574 3.66 Figure 7f
Triturus pygmaeus NT Yes 1/544 2.02 Figure 8a
Alytes cisternasii LC Yes 9/592 1.52 Figure 8b
Alytes obstetricans LC No 34/607 5.60 Figure 8¢
Discoglossus galganoi LC Yes 14/1013 1.38 Figure 8d
Pelobates cultripes \Y§] No 10/844 118 Figure 8e
Pelodytes atlanticus LC Yes 6/532 112 Figure 8f
Pelodytes ibericus LC Yes 2/297 0.67 Figure 9a
Bufo spinosus LC No 23/1013 2.27 Figure 9b
Epidalea calamita LC No 27/1013 2.67 Figure 9¢
Hyla meridionalis LC Yes 7/601 116 Figure 9d
Hyla molleri LC Yes 10/879 114 Figure 9e
Rana iberica VU Yes 17/498 3.41 Figure of

Pelophylax perezi LC Yes 41/1013 4.05 Fi%;e

* Xenopus laevis LC No 1/ 100 Fif;oubre

Reptilia

Emys orbicularis NT No 3/814 0.37 Figure 11a

Mauremys leprosa VU Yes 24/963 2.49 Fi1g1ubre
* Hemidactylus mabouia LC No 2/26 7.69 Figure 11c
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Table II. Continuation.

Hemidactylus turcicus

Tarentola mauritanica

Tarentola boettgeri
bischoffi

Chamaeleo chamaeleon

Anguis fragilis

Acanthodactylus
erythrurus

Iberolacerta monticola
Lacerta schreiberi

Podarcis bocagei

Podarcis carbonelli

Podarcis guadarramae **
Podarcis lusitanicus **

* Podarcis vaucheri
Podarcis cf. virescens
* Podarcis siculus
Psammodromus algirus

Psammodromus
occidentalis ***

Teira dugesii

Timon lepidus

Chalcides bedriagai

Chalcides striatus

Blanus cinereus

Blanus vandellii

* Indotyphlops braminus

LC No
LC No
LC Yes
LC Yes
LC No
LC Yes
VU Yes
NT Yes
LC Yes
EN Yes
LC Yes
LC Yes
LC Yes
NE Yes
LC No
LC Yes
LC Yes
LC Yes
NT Yes
NT Yes
LC No
LC Yes
NE Yes
LC No
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10/93
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Table II. Continuation.

Hemorrhois hippocrepis LC Yes
Coronella austriaca LC No
Coronella girondica LC No

Zamenis scalaris LC Yes
Macroprotodon brevis NT Yes
Natrix astreptophora LC Yes
Natrix maura LC No
Malpolon monspessulanus LC Yes
Vipera latastei VU Yes
Vipera seoanei LC Yes

reviewed species (V. latastei and V. seoanei) in
Portuguese NHCs, none of these specimens were
consulted by the authors. The same happened
in the recent revision of the impacts of climate
and phylogeographic history on the morphology
of Mediterranean amphibians (Martinez-Gil et
al. 2022).

Few contemporary studies actively use
or take advantage of available specimens
in Portuguese NHCs. The recent paper on
the impacts of Ranavirus on the Portuguese
northern populations of Triturus marmoratus
and Lissotriton boscai by Rosa et al. (2022) is
one of the few exceptions. The authors relied
on available samples collected in the 1980s,
which were deposited in MUHNAC's collections,
to assess the presence of pathogens in these
populations in the past, allowing them to
compare historical records to their recently
collected data. However, while the authors
recognized the importance and utility of these
historical specimens in MUHNAC to their
research, no specimens of the newly sampled

HERPETOLOGICAL COLLECTIONS IN PORTUGAL

31/898 345 Figure 15¢
2/344 0.58 Fi%“ ie
141013 138 Fi%“ere
39/1013 3.85 Figure 15f
41616 0.65 Fi%“(,;e
32/1013 316 Fi1g6“bre
67/1013 6.61 Fi%cre
64/1013 6.32 Fi%” i
34/1013 336 Fi1g6“ere
5/43 11.63 Figure 16f

populations were deposited in an NHC, thus
impeding use of this newly sampled material to
conduct a similar study 40 years in the future.
The importance of time series for molecular
ecology and conservation biology has been
demonstrated in novel research based on
historical collections (Habel et al. 2013). Jungblut
& Hawes (2017) used cyanobacteria specimens
collected in the early 1900s by Captain R.F.
Scott’s ‘Discovery’ Expedition to assess how the
Antarctica cyanobacterial diversity has changed
since then, particularly with climate change,
another topic in which museum specimens
have proven to be useful (e.g, Kharouba et al.
2018, MacLean et al. 2018, Riddell et al. 2021).
Evolutionary responses to urbanization are
currently being studied (Santangelo et al. 2018)
and NHCs specimens provide critical resources
in assessing those changes (e.g., Kern &
Langerhans 2018, Putman et al. 2019, Shultz et
al. 2020). A recent example comes from Zimova
et al. (2023), who assessed avian morphological
change with datasets encompassing four
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decades of records. Conservation assessments
can utilize centuries old datasets that provide
a unique perspective to better understand how
to intervene and ensure species protection
(Beissinger & Peery 2007, Colla et al. 2012, Dures
et al. 2019, Mathiasson & Rehan 2019).

The above cited examples, especially in the
case of the northern Portuguese T. marmoratus
and L. boscai, also show how specimens
can help answer questions that were not
envisioned by their original collectors and/or
questions for which the technology did not yet
exist. MUHNAC's T. marmoratus and L. boscai
collected in the 1980s were originally aimed at
basic natural history and population dynamics
studies by the collector (Caetano 1982, 1990,
Caetano M.H., unpublished data), without any
kind of future study on pathogens in mind. In
fact, the technology to extract such data from
preserved specimens was not even developed
at the time. But it was this deposition in a public
collection that allowed Rosa et al. (2022) to, four
decades later, study the impacts of Ranavirus on
these populations.

Recent advancements in technology have
also allowed for the emergence of “museomics”,
that is, the study of ancient and historic DNA
from museum specimens (Raxworthy & Smith
2021), which is shedding light on the taxonomy
and evolutionary history of species (e.g., Call
et al. 2021, Ernst et al. 2022, Guschanski et al.
2013), in particular that of extinct (Pyron et al.
2022, Roycroft et al. 2021, Zedane et al. 2015),
rare (Twort et al. 2021), and endangered taxa
(Castaneda-Rico et al. 2022). All of these and
other potential future uses depend on the
existence and accessibility of NHCs specimens.

HERPETOLOGICAL COLLECTIONS IN PORTUGAL

STATUS OF PORTUGUESE
RESEARCH COLLECTIONS

Portuguese NHCs house around 13.500
herpetological specimens, of which
approximately one third (4950 specimens)
represent Portuguese fauna. Although these
numbers may seem small when compared
to other major NHCs in Europe, Portuguese
NHCs are rich in specimens from biodiversity
hotspots, such as the Mediterranean basin and
the tropical regions spanned by their former
colonial possessions, and range from the mid-
eighteenth century to present day. As recently
noted by Casas-Marce et al. (2012), these smaller
regional collections play a fundamental role in
modern biodiversity research and conservation,
comparable to those of larger museums.
However, as shown by our results, the country’s
herpetofauna is not taxonomically well covered
in the Portuguese NHCs, and its geographic and
temporal coverage are severely incomplete and
biased.

The three major Portuguese herpetological
collections are currently part of larger
interdisciplinary university museums, which
were recently created through the merging of
former more discipline-oriented museums.
The University of Lisbon manages the MUHNAC,
which houses zoological, botanical (herbaria),
geological, paleontological, anthropological, and
scientific instrument collections, as well as an
assortment of memorabilia and other smaller
collections related to the history of science in
the university. Similarly, the University of Porto
and the University of Coimbra manage the
MHNC-UP and MCUC, respectively, which also
house comparably diverse and interdisciplinary
collections from the historical museums of the
two universities. Both these interdisciplinary
museums are directly under the management of
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their respective dean’s offices, not by biological
or natural sciences departments.

There are various reasons why these
disciplinarily distinct collections were merged
under the same university museum structure,
although one of the major drivers was the
economic and management burden caused by
having several independent museums within
the universities. There are certainly pros and
cons related to such mergers, which have raised
several challenges at the methodological,
management and even epistemological levels.
Curating a biological collection is radically
different from curating a collection of historical
scientific instruments and developing a
functional database that serves both the
interests and needs of curators of almost
opposite typologies of collections is challenging.

Being a university museum is, a priori, a
very interesting opportunity in favor of NHCs,
as this relation can foster important research
collaborations and teaching partnerships
between the museum and the rest of the
academic community, from professors,
researchers to graduate and undergraduate
students (Cook et al. 2014). Some of the larger
and more important NHCs in the USA or in
Brazil are part of universities, as it is the case
of the Museum of Comparative Zoology (Harvard
University), the Museum of Vertebrate Zoology
(University of California - Berkeley), or the
Natural History Museums of the universities of
Kansas, Michigan and Florida in the USA, and the
Museu Nacional (Universidade Federal do Rio de
Janeiro) or the Museu de Zoologia (Universidade
de Sao Paulo). In any of these examples, their
collections are used on a daily basis by their
university's community, as well as by national
and international researchers. Contrary to this
proficuous relationship between NHCs and
universities, the Portuguese case has produced
different outcomes. Suffering from decades of

HERPETOLOGICAL COLLECTIONS IN PORTUGAL

abandonment,Portuguese NHCs are generally
perceived by the academic community as
the dusty remains of past scientific practices,
cumbersome to manage and use, and mostly
oriented towards low-impact factor science
of taxonomy. Its merging with other type of
“museological material”, like old scientific
instruments and academic memorabilia, has
reinforced the idea of museums as repositories
of historical heritage and time capsules of the
science of the past (Lourenco & Dias 2017), rather
than tools of modern and impactful research.

This association is pernicious and has
consequences across different levels of
the relationship between the museum and
its academic community. Firstly, it has led
to a physical and emotional separation of
professors, researchers, and students from
the museum. This has resulted in several
immediate problems, such as the abandonment
of systematic and taxonomic studies associated
with the collections, fostering the already
worrisome gap between taxonomists and the
rest of the academic community and the well-
known negative consequences that it has for
biodiversity studies as a whole (Britz et al. 2020).
The lack of continuity in the use of collections
and reduced transmission of collections-
related practices, has led to the loss of basic
curatorial and natural history competencies by
the community, such as specimen collecting,
fixation and taxidermy techniques, and NHCs
management, and even to the deterioration and
loss of specimens (Figure 17).

Divorced from its research and teaching
objectives, collection staff is usually reduced
to a minimum level, which has immediate
repercussions on the curation and maintenance
of its collections, its cataloging and digitizing,
leading to drastic limitations on accessibility
(Ceriaco et al. 2021). Currently, neither MUHNAC,
MHNC-UP or MCUC have a full-time herpetologist
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as curator, collection manager or technician for
its herpetological collections, and all of the
work around these collections is conducted
either by external invited curators, volunteers,
non-expert and/or non-permanent staff. This
absence of permanent and specialized staff
undermines the trust of external researchers
who may have considered depositing their
specimens and collections in Portuguese NHCs.
As an observable result of this mistrust, no
specimens have been regularly accessioned in
these collections, despite the existence of an
active herpetological research community in the
country. The problem goes beyond specimen
deposition. As highlighted in some of the above
cited examples, Portuguese herpetological
specimens available in Portuguese NHCs
are not even being requested or used by the
scientific community. There are several possible
explanations for that, but they all essentially
relate to the growing separation between
researchers and national NHCs, to a lack of
recognition of museums as research facilities,

HERPETOLOGICAL COLLECTIONS IN PORTUGAL

and to, at some point, the accessibility difficulties
caused by the inadequate number of staff and
unclear accessibility policies. As a policy of the
dean’s office of the three universities, their
museums are not seen as research centers.
All research conducted on the collections is
expected to be done by outside researchers,
with the museum staff merely acting as access
facilitators to the collections.

The situation of Portuguese herpetological
collections mirrors the remaining vertebrate and
invertebrate collections in the country (Santos
et al, unpublished data) . The lack of investment
and valorization of this unique research tool has
farfetched consequences not only for Portugal,
but also for global research. Similar cases have
been reported (Andreone 2015, Andreone et
al. 2014, 2022, Kemp 2015). The present paper
serves not only as a report on the scientific
consequences of this type of situation in NHCs
around the globe, but also as a warning of what
can happen to these institutions when they lose
their main research and collecting missions.

Figure 17. Lack of
"M curatorial practices

—* resulting in
conservation problems
in the MHNC-UP
collections. Photo by
Luis M. P. Ceriaco.
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