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Abstract: We report on new finds of pufferfish (Tetraodontiformes: Tetraodontidae) beak-like jaws 
from well-constrained stratal packages at seven Pliocene localities in Tuscany (central Italy). Although 
these specimens cannot be identified confidently below the family level, their broad distribution and 
abundance suggest that pufferfishes were established components of the Mediterranean ecosystems 
under the warm-water conditions that characterised most of the Pliocene Epoch. As some Pliocene 
intervals are regarded as robust analogues for near-future climate scenarios, our Tuscan fossils provide 
a deep-time perspective supporting the idea that continued warming may once again promote the in-
vasion and expansion of tetraodontids and other thermophilic vertebrates in the region - a process al-
ready underway as the ongoing 'tropicalization' and 'Lessepsian invasion' drive a dramatic surge in 
Mediterranean pufferfish diversity and abundance. 
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Résumé : Une mer de poissons-globes : De nouveaux fossiles de tétraodontidés du Pliocène 
italien éclairent une bio-invasion méditerranéenne en cours.- Nous présentons ici de nouvelles 
découvertes de becs de poissons-globes (Tétraodontiformes : Tetraodontidae), mis au jour dans des 
niveaux stratigraphiques précisément datés de sept sites pliocènes de Toscane (Italie centrale). Bien 
que ces spécimens ne puissent être identifiés avec certitude au-delà du rang familial, leur large distri-
bution géographique et leur abondance indiquent que les tétraodontidés constituaient l'une des compo-
santes bien établies des écosystèmes méditerranéens durant les phases de réchauffement et les épiso-
des caractérisés par des eaux relativement chaudes qui ont marqué une grande partie du Pliocène. 
Certains intervalles du Pliocène étant considérés comme des analogues pertinents des scénarios clima-
tiques susceptibles de prévaloir dans un avenir proche, les fossiles toscans apportent une perspective 
de temps profond permettant d'étayer l'hypothèse selon laquelle un réchauffement durable pourrait 
favoriser de nouveau l'expansion des tétraodontidés et d'autres vertébrés thermophiles en Méditer-
ranée. Un tel processus est déjà observable aujourd'hui dans le contexte de la "tropicalisation" de la 
Méditerranée et de l' "invasion lessepsienne", qui favorisent notamment l'augmentation spectaculaire 
de l'abondance et de la diversité des poissons-globes.   

Mots-clefs : 

• Plaisancien ;  
• Zancléen ;  
• Tetraodontidae ;  
• invasion lessepsienne ;  
• changement climatique ;  
• paléobiologie de la conservation ;  
• Toscane 

1. Introduction 
The teleostean family Tetraodontidae com-

prises some 206 extant species in 28 genera 
(FROESE & PAULY, 2026). Known by the vernacular 
name of 'pufferfishes', the tetraodontids are char-
acterised by their inflatable bodies (WAINWRIGHT & 
TURINGAN, 1997) and high contents of the alkaloid 
poison tetrodotoxin (e.g., KODAMA et al., 1985). 
These iconic bony fishes are broadly distributed in 
tropical to warm-temperate coastal settings 
worldwide (e.g., TYLER, 1980; ALFARO et al., 2007; 
SANTINI et al., 2013; STUMP et al., 2018). 

The fossil record of Tetraodontidae mostly con-
sists of their characteristic quadripartite 'beaks', 
which originate from the contralateral premaxillae 
and dentaries. Each beak quarter is shaped as a 
crushing plate made of stacked piles of rod-like, 
enameloid dental units embedded within an osteo-
dentine matrix. New dental units are generated 
continuously at the base of the tooth plates and 
subsequently migrate apically, replacing older and 
increasingly worn units (e.g., TYLER, 1980; AN-
DREUCCI et al., 1982; BRITSKI et al., 1985; NELSON 
et al., 2016; THIERY et al., 2017). 

The fossil history of Tetraodontidae dates back 
to the Eocene, with some of the earliest members 
of the family being known from the Bolca Konser-
vat-Lagerstätte of northeastern Italy (e.g., ZIGNO, 
1887; CARNEVALE & SANTINI, 2006; CARNEVALE & 
TYLER, 2010, 2015; TYLER & BANNIKOV, 2012; RI-

DOLFI et al., 2025; CARNEVALE et al., 2026). Their 
Italian record continues into the Neogene, with 
some Pliocene occurrences being known from 
Tuscany (e.g., at Orciano and Volterra, two his-
toric fossil localities of the Pisa Province) and 
Emilia-Romagna, yet most of these occurrences 
are documented in works that are more than a 
century old (e.g., CAPELLINI, 1876; LAWLEY, 1876; 
CARRAROLI, 1897; STEFANO, 1910), which means 
that their palaeoecological and palaeoenviron-
mental significance remains to be assessed within 
a modern interpretive framework. 

Our recent reappraisal of the palaeontological 
collections of the 'Gruppo AVIS Mineralogia e 
Paleontologia Scandicci' (= GAMPS; Scandicci, 
Florence Province, Italy), which are mostly com-
prised of marine vertebrate remains collected in 
the Tuscan countryside over the last few decades, 
has revealed the occurrence of several tetrao-
dontid jaws from as many as seven Pliocene 
localities near Siena (Asciano Senese, Castel-
nuovo Berardenga Scalo, Lucciola Bella and Pog-
gio alle Mura), Grosseto (Arcille), Pisa (La Serra) 
and Florence (Certaldo). These new specimens 
were collected from well-documented sites, thus 
differing from most of the historical finds from the 
19th century, which typically lack precise geo-
graphic and stratigraphic whereabouts (e.g., LAN-
DINI, 1977). These additions to the Italian Plio-
cene record of Tetraodontidae allow for a compre-
hensive understanding of the palaeoenvironmen- 
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Figure 1: Simplified geological map of Tuscany. Numbers within squares indicate the geographic position of the Tus-
can localities where the new pufferfish fossils described herein were collected. Abbreviations: Alb, Albegna Basin; BC, 
Baccinello-Cinigiano Basin; C, Casentino Basin; Cec, Cecina Basin; FPP, Firenze-Prato-Pistoia Basin; G, Garfagnana 
Basin; M, Mugello Basin; Mbam, Montebamboli Basin; MTR, Montespertoli-Tavernelle Ridge; Rad, Radicondoli Basin; 
Rib, Ribolla Basin; SR, Siena-Radicofani Basin; TF, Tora-Fine Basin; Va, Upper Valdarno Basin; Vc, Valdichiana Basin; 
Ve, Valdelsa-Lower Valdarno Basin; Vel, Velona Basin; Vol, Volterra Basin; VOrc, Val d'Orcia Basin. Redrawn from 
BENVENUTI et al. (2014). 

tal significance of this record. Interpreting these 
finds from a conservation palaeobiology perspec-
tive (e.g., DILLON et al., 2022) further enables a 
new perspective on the 'Lessepsian invasion', that 
is, the ongoing dispersal of thermophilic marine-
life forms entering the Mediterranean Basin from 
the Red Sea through the Suez Canal (e.g., BER-
NARDI & TIRALONGO, 2025; WETERINGS et al., 2026).  

2. Geological and palaeontological 
framework 

The fossil specimens described herein were 
discovered at seven localities of the Siena-
Radicofani, Val d'Orcia, Baccinello-Cinigiano and 
Valdelsa basins of Tuscany (Fig. 1). These basins 
are located in the hinterland of the Northern 
Apennine orogen and are home to marine and 
terrestrial successions of Miocene to Pleistocene 
age (e.g., MARTINI & SAGRI, 1993). The Pliocene 
portions of these successions mostly consist of 
marine and paralic deposits that accumulated in 

semi-protected embayments at the foot of the 
nearby mountain chain. 

The Lucciola Bella, Castelnuovo Berardenga 
Scalo and Asciano Senese localities of the Siena 
Province are placed within the Siena-Radicofani 
Basin (BENVENUTI et al., 2014; MARTINI & ALDINUCCI, 
2017). The Lucciola Bella area is characterised by 
badland-like exposures of Zanclean offshore mud-
stones punctuated by coarser-grained turbidites 
(PASCUCCI et al., 2006; BIANUCCI et al., 2009). Fos-
sil vertebrate finds from this site include an in-
complete skeleton of the extinct delphinid species 
Etruridelphis giulii (LAWLEY, 1876) (BIANUCCI et al., 
2009), a dentary beak of an ocean sunfish (COLLA-
RETA et al., 2025a) and abundant elasmobranch 
remains (COLLARETA et al., 2017b), among which 
are some teeth with trace fossils produced by the 
'zombie worm', Osedax ROUSE et al., 2004 (COLLA-
RETA et al., 2025b). At Castelnuovo Berardenga 
Scalo, pufferfish remains were collected from up-
per Piacenzian mudstones exposed at the 'I Sodi' 
quarry (MARTINI et al., 2016). These mudstones 
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⊳ Figure 2: Scheme of the measurements 
referred to in the text. (1) Total anteropos-
terior length. (2) Total dorsoventral height. 
(3) Anteroposterior length of symphysis. (4) 
Dorsoventral height of symphysis. 

were deposited in an outer shelf or upper slope 
setting and are home to a remarkable deep-water 
elasmobranch fossil assemblage, including an im-
pressive abundance of teeth of the extinct frilled 
shark, Chlamydoselachus lawleyi DAVIS, 1887 
(e.g., CIGALA-FULGOSI et al., 2009; COLLARETA et al., 
2018). Some 13 km SE of Castelnuovo Berar-
denga Scalo, in the vicinity of Asciano Senese, 
dermal denticles of the extinct bramble shark, 
Echinorhinus richiardii LAWLEY, 1876, have been 
collected from lithologically similar, roughly coeval 
deposits (COLLARETA et al., 2023a). 

In the Val d'Orcia basin, near Montalcino 
(Siena Province), the Poggio alle Mura locality 
exposes Zanclean clayey-sandy deposits that 
have yielded a balaenopterid whale skeleton, as 
well as shark teeth and bony fish otoliths (BISCON-
TI et al., 2023; MARINI et al., 2023). 

Lower Pliocene siliciclastic deposits occur at 
Arcille (Grosseto Province), close to the south-
western margin of the Baccinello-Cinigiano Basin 
(SORBI et al., 2012). The local succession consists 
of yellowish sandstones with subordinate con-
glomerate layers overlain by greyish mudstones 
(SORBI et al., 2012; BIANUCCI et al., 2019; DOMINICI 
& FORLI, 2021). Vertebrate fossils from this site 
include the holotype and only referred specimen 
of the monodontid delphinoid Casatia thermophila 
BIANUCCI et al., 2019, the holotype and two re-
ferred specimens of the rajiform skate Nebriimi-
mus wardi COLLARETA et al., 2021b, and several 
well-preserved specimens of sirenians, sharks and 
rays (SORBI et al., 2012; MERELLA et al., 2022, 2023; 
COLLARETA et al., 2023b). Like so many other ver-
tebrate fossils, the tetraodontid specimens dis-
cussed herein have been recovered from a fossil-
rich interval of yellowish sandstones reflecting a 
shallow-marine setting influenced by fluvial inputs. 

In the Valdelsa Basin, pufferfish fossils have 
been collected at Certaldo (Florence Province) and 
La Serra (Pisa Province). Strata belonging to the 
mid-Pliocene S3 synthem of DOMINICI et al. (2018) 
crop out along an artificial cliff near Certaldo, 
mostly consisting of sands and clayey sands. 
These strata have been home to finds of dental 
and dermal denticles of bony and cartilaginous 
fishes, including one of the few Mediterranean 
Pliocene records of Aetobatus cf. cappettai AN-
TUNES & BALBINO, 2006 (COLLARETA et al., 2021a). 
At La Serra, a ca. 25-m-thick succession of late 
Piacenzian age (DOMINICI et al., 2018) crops out in 
an active quarry. This succession includes a 
paralic, mostly sandy lower division and a shal-
low-marine, mostly silty upper division (GARASSINO 
et al., 2012). Besides some remarkable finds of 
terrestrial and freshwater vertebrates originating 
from the base of the quarry (including tortoises, 
terrapins, cervids, suids and proboscideans; COL-
LARETA et al., 2020a; MERELLA et al., 2023; MULÈ et 
al., 2025a, 2025b, 2026), this locality has yielded 
a small cartilaginous- and bony fish-assemblages 
from the upper quarry beds (COLLARETA et al., 
2020b; DI CENCIO et al., 2021; MERELLA et al., 2023). 

3. Material and methods 
The fossil specimens dealt with herein are 

currently housed at Badia a Settimo, Scandicci 
(Florence Province, Italy), in the GAMPS perma-
nent exhibition. They consist of 18 beak-like jaws, 
including essentially complete as well as heavily 
worn fragments. 

Whenever possible, the total anteroposterior 
length, total dorsoventral height, anteroposterior 
length of symphysis and dorsoventral height of 
symphysis were measured with a manual caliper 
as shown in Figure 2. 
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Photographs were taken using a Nikon D850 
camera equipped with a Nikon Micro Nikkor AF-S 
60 mm f/2.8 G ED macro-lens. 

The studied specimens were attributed to ei-
ther the upper or lower jaws based on compari-
sons with the descriptions and illustrations of ex-
tant tetraodontid beaks provided by TYLER (1980) 
and MCEWAN et al. (2024). Specifically, the upper-
jaw parts (premaxillae) are characterised by a 
thick and robust posteromedial process, extensive 
interdigitating contacts with the corresponding 
maxilla, and a relatively elongate internal pulp 
cavity. Lower jaw parts (dentaries), in turn, are 
characterised by a deeply concave posterior ar-
ticulation for the articular. The identification of 
some largely incomplete specimens as either pre-
maxillae or dentaries remained tentative. 

4. Systematic palaeontology 
TETRAODONTIFORMES REGAN, 1929 
TETRAODONTIDAE BONAPARTE, 1832 

Tetraodontidae gen. et sp. indet. 

 (Figs. 3 - 4) 

Referred material and occurrence. Eigh-
teen pufferfish jaws from the Tuscan Pliocene: 
GAMPS-1969a-c (three specimens) from Lucciola 
Bella; GAMPS-301a, GAMPS-301b and GAMPS-
1966a-d (four specimens) from Castelnuovo 
Berardenga Scalo; GAMPS-1963 from Asciano 
Senese; GAMPS-1970a-d (four specimens) from 
Poggio alle Mura; GAMPS-1968 from Arcille; 
GAMPS-1965 from Certaldo; GAMPS-1964a and 
GAMPS-1964b from La Serra. 

Description. The most complete specimen in 
the GAMPS palaeontological collection is, ar-
guably, GAMPS-1964a (Fig. 3a1, a2), a right 
dentary from La Serra. Its total anteroposterior 
length and dorsoventral height are about 15 mm 
and 19 mm, respectively. The symphysis is 4 mm 
long and 13 mm high and features 17 emargina-
tions. The rod-like dental units are partially ex-
posed on the labial jaw surface, close to the an-
terodorsal angle thereof. The well-preserved pos-
terior margin is somewhat jagged. GAMPS-1964b 
(Fig. 3b1, b2), from the same site as GAMPS-
1964a, is also best interpreted as a right dentary. 
It measures 14 mm in length and 10 mm in 
height. The symphysis is 3 mm long and 10 mm 
high and comprises at least 13 emarginations. As 
observed in GAMPS-1964a, the dental units are 
partially exposed on the labial jaw surface, close 
to the anterodorsal angle thereof. Other fairly 
well-preserved right dentaries include GAMPS-
1966a (Fig. 3c1, c2) and GAMPS-301b (Fig. 4a1, 
a2) from Castelnuovo Berardenga Scalo. They are 
similar to each other in size and larger than both 
GAMPS-1964a and GAMPS-1964b, exhibiting a 
symphysis that is 7 mm long and 20 mm high and 
including as many as 15 emarginations. GAMPS-
1970a from Poggio alle Mura (Fig. 3d1, d2) is 
best interpreted as a left dentary. Its symphysis 
is 3 mm long and 14 mm high and comprises 16 
emarginations. Labially, the dental units are ex-

posed close to the anterodorsal angle as well as 
along the symphysis. The posterior articular mar-
gin is only partially preserved. GAMPS-301a from 
Castelnuovo Berardenga Scalo (Fig. 4b1, b2) is 
best interpreted as a left premaxilla. The symphysis 
is 2 mm long and 11 mm high and features 11 
well-preserved emarginations. Some dental units 
are exposed along the whole of the biting edge. 

Other specimens are more fragmentary as well 
as heavily worn. Among these are GAMPS-1968 
from Arcille (Fig. 4c1, c2) and GAMPS-1966c (Fig. 
4d1, d2) from Poggio alle Mura, each consisting of 
a small jaw fragment preserving most of the bit-
ing edge. Dental units of different lengths are 
broadly exposed on the labial jaw surface of both 
these specimens. 

Most of the above specimens exhibit a plate-
like structure that projects sub-horizontally along 
the lingual surface of the jaw. This morphology 
results from the development of aligned tritu-
ration teeth posterior to the symphysis (TYLER, 
1980) as seen e.g. in the highly abraded speci-
men GAMPS-1966c (Fig. 4d1). 

Remarks. The fossil specimens described 
herein closely match the distinctive oral apparatus 
of the family Tetraodontidae (TYLER, 1980). They 
cannot be identified confidently at the genus level 
because pufferfish beaks generally lack diagnostic 
features that would allow for such resolution 
(e.g., TYLER & SANTINI, 2002; MARSILI, 2007). 

In living tetraodontids, only a few dental units 
are typically left uncovered on each jaw due to 
feeding-related wear (TYLER, 1980). That said, 
some of the specimens described herein exhibit 
an unusually extensive exposure of the dental 
units - a condition that typically correlates with re-
duced completeness (e.g., Fig. 4c1, c2, d1, d2). 
This observation suggests that biostratinomic 
processes - first and foremost, mechanical trans-
port and abrasion - may have contributed to the 
pronounced denudation of dental units observed 
in most fossils. 

5. General discussion  
Albeit fragmentary, the new tetraodontid 

fossils described herein expand the fossil record 
of these bony fishes in Italy as well as in the 
whole of the Mediterranean region. Their occur-
rence in multiple Pliocene embayments of Tus-
cany further supports earlier hypotheses, grounded 
on a more limited number of specimens, that 
pufferfishes were widespread along the Italian 
coasts during that time (MARSILI, 2007). More-
over, the mere abundance of these finds suggests 
that tetraodontids were rather common off Tus-
cany in Pliocene times. 

Until the late 19th century, only a single puffer-
fish species - namely, Lagocephalus lagocephalus 
LINNAEUS, 1758 - was reliably known from the 
Mediterranean Sea, and even then, it was report-
ed only rarely, first and foremost from Sicilian 
waters (DODERLEIN, 1878-1879; BINI, 1968; TORTO-
NESE, 1970; RELINI & ORSI RELINI, 1995; ZAVA et al., 
2005). Over the past ~150 years, however, the 
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Figure 3: New pufferfish jaw fossils from the Tuscan Pliocene. (a1, a2) GAMPS-1964a from La Serra. 2) GAMPS-
1964b from La Serra. (c1, c2) GAMPS-1966a from Castelnuovo Berardenga Scalo. (d1, d2) GAMPS-1970a from 
Poggio alle Mura. Specimens are shown in (a1, b1, c1, d1) lingual and (a2, b2, c2, d2) labial views. 
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Figure 4: New pufferfish jaw fossils from the Tuscan Pliocene. (a1, a2) GAMPS-301b from Castelnuovo Berardenga 
Scalo. (b1, b2) GAMPS-301a from Castelnuovo Berardenga Scalo. (c1, c2) GAMPS-1968 from Arcille. (d1, d2) 
GAMPS-1966c from Castelnuovo Berardenga Scalo. Specimens are shown in (a1, b1, c1, d1) lingual and (a2, b2, c2, 
d1) labial views. 
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diversity, geographic range and abundance of 
pufferfishes have increased dramatically in the 
Mediterranean Sea. Indeed, tetraodontids are just 
some of the many species that have entered the 
basin via the Strait of Gibraltar and, especially, 
the Suez Canal, progressively expanding north-
wards and becoming increasingly common along 
the Italian coastline and elsewhere in the region 
(e.g., LIPEJ et al., 2013). Thus, whereas pufferfish 
sightings were once rare and sporadic off Tus-
cany, they have become markedly more frequent 
in recent decades (e.g., DEIDUN et al., 2024). At 
present (2026), as many as nine different puffer-
fish species are known from the Mediterranean 
Sea, the majority of which represent recent 
'Lessepsian' bioinvaders originating from the Red 
Sea (e.g., POR, 1971; BILECENOGLU et al., 2006; 
BIANCHINI & RAGONESE, 2007; ORSI RELINI, 2009; 
FARRAG et al., 2016; CARBONARA et al., 2017; 
KOVAČIĆ et al., 2021; DEIDUN et al., 2024). 
Impacting most components of the marine fauna 
(e.g., ORSI RELINI, 2009; ZENETOS, 2019), the Les-
sepsian invasion of the Mediterranean Basin 
reflects the latter's ongoing 'tropicalization'. In-
deed, rising sea surface temperatures and shifting 
environmental conditions increasingly favour the 
establishment and spread of thermophilic species 
originating from warmer marine areas (GALIL & 
ZENETOS, 2002; BERNARDI et al., 2010). The native 
Mediterranean ichthyofauna may, thus, be sub-
stantially reshaped through competition, preda-
tion or hybridization (CAREY & WAHL, 2010; CHRIS-
TIDIS et al., 2024), which in turn would have ma-
jor repercussions on fisheries and public health, 
not least because of the abundance of tetrodo-
toxin in several pufferfish species (BENTUR et al., 
2008; GUARDONE et al., 2018; ULMAN et al., 2024). 

Now, however, we may turn to the fossil 
record through the lens of conservation palaeo-
biology to envision how the Mediterranean fauna 
will respond to future warming. In recent years, 
some Pliocene intervals have come to be widely 
regarded as a meaningful analogue for near-fu-
ture Mediterranean conditions, with sea-surface 
temperatures 2-3 °C above pre-industrial values, 
comparable atmospheric CO2 concentrations and 
significantly higher sea stands (e.g., COMBOURIEU-
NEBOUT et al., 2015; PRISTA et al., 2015; GUIOT & 
CRAMER, 2016; VEGA et al., 2020). In marine set-
tings, a warmer climate supported a markedly 
thermophilic fauna including, for instance, the 
knifetooth sawfish, Anoxypristis WHITE & MOY-
THOMAS, 1941, and the pelagic eagle ray, Aetoba-
tus BLAINVILLE, 1816, both of which are known 
from a few Mediterranean Pliocene sites, including 
outcrops in Tuscany (COLLARETA et al., 2017a, 
2021a). Within this framework, our results indi-
cate that pufferfishes were established compo-
nents of the Mediterranean ecosystems at a time 
when warmer-than-today conditions proved wel-
coming to these and other thermophilic taxa. In 
this perspective, the fossil record highlights a sce-
nario in which the modern Mediterranean could 
increasingly come to resemble its Pliocene coun-

terpart, with pufferfishes and other warm-water 
fishes (e.g., the porcupinefishes of the tetrao-
dontiform family Diodontidae; ZAVA et al., 2024) 
becoming ever more prominent components of its 
ichthyofauna. 
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