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Abstract

Lycopus is a widespread herbaceous plant, currently part of European flora. Fossil remains of fruits (nutlets or mericarps) 
attributed to this genus are frequently found in European archaeological and palaeontological sites, being easily preserved in 
sedimentary deposits. In a worldwide context, the oldest fossils are from the early Oligocene (ca. 30 Ma) of West Siberia, but 
they become more common in Miocene (23.0–5.3 Ma) records, ranging from West Siberia to Central Europe. In the literature, 
the Oligocene and Miocene remains (plus a few Pliocene ones) were assigned to fossil-species, whereas the abundant 
Pliocene and Pleistocene occurrences (5–0.01 Ma) in Europe were mainly assigned to the extant species L. europaeus. The 
present work is conceived as the result of an ad hoc research team whose task was to revise and summarize the Italian fossil 
record of Lycopus, assembling palaeobotanical and archaeobotanical data. We herein report ca. 6000 Lycopus nutlets from 61 
sites located in nine regions of Northern and Central Italy. Based on the available information on extant species, we detected 
nine morphological types of nutlets that can be used for the characterisation of fossils. Our analysis suggests that from 4 to 
2.6 Ma a single taxon (L. cf. pliocenicus) with L. americanus-type of nutlets occurred in Italy. The first occurrence of the 
latter morphological type is from the early Oligocene of West Siberia. The available fossils mildly suggest that extant L. 
americanus could be the descendant of ancient Eurasian plants characterised by the L. americanus-type of nutlets, through 

mailto:edoardo.martinetto@unito.it
mailto:edoardo.martinetto@unito.it


MARTINETTO et al.�   •   Phytotaxa 513 (1) © 2021 Magnolia Press

expansion of their range to North America. Conversely, the abundant Italian records of the last 0.2 Ma, including remains 
from archaeological sites, are only referable to the Eurasian species L. europaeus.

Keywords: Cenozoic, fruits, Holocene, morphology, palaeontological collections, Quaternary

Introduction

Research in the fields of botany and palaeobotany, besides phytogeography, used to develop in parallel during the 
last 30 years, sometimes with poor interchanges (Rull 2014, Marignani et al. 2017). Jiménez-Mejías et al. (2016) 
noted that, for the study of the genus Carex, many botanists tended to neglect the existing knowledge about the 
fossil record, almost ignoring the huge information potentially available in several palaeobotanical collections (e.g., 
Dorofeev 1963a, Negru 1986, Palamarev 1994, Van der Burgh & Zetter 1998, Mai 2000, Czaja 2003, Velichkevich 
& Zastawniak 2003, Nikitin 2006, Martinetto 2015). In other cases, especially in molecular phylogenetic studies, 
palaeobotanical data have been randomly picked up, in an unwillingly selected way (Drew & Sytsma 2012). Part of 
the problem of incommunicability rises from the difficulty in extrapolating the necessary information about fossils, as 
material is often published in papers without English descriptions (e.g., Nikitin 1948, Dorofeev 1963a, Velichkevich 
1973, Nikitin 2006). This problem might be mitigated by the ongoing progress of the International Fossil Plant Name 
Index (IFPNI) database (Barkworth et al. 2016), but also by synthetic reports summarising the fossil record of specific 
taxa of the extant flora (e.g., Jiménez-Mejías et al. 2016), which indeed contribute to overcome this disconnection 
between botanists and palaeobotanists. Late Quaternary fossil records are also crucial in this sense, and in Italy the 
Botanical Records Archaeobotany Italian Network (BRAIN; http://brainplants.successoterra.net/) can quickly provide 
data on specific extant taxa to be integrated with palaeobotanical data from deeper time. Until now, in Italy, archaeo- 
and palaeobotanical data have been rarely summed up together and the record of the evolutionary history of the Italian 
flora resulted in this way fragmented within different works. This is far more inconvenient because the plant fossil 
record of the last 6 million years is less discontinuous in Italy than in other European countries, as recently shown for 
different chronologies and plant parts by Bertini (2010), Kustatscher et al. (2014), Mercuri et al. (2015), Combourieu-
Nebout et al. (2015) and Martinetto (2015). This work is conceived as a first step in combining palaeobotanical and 
archaeobotanical data of the Italian fossil record, starting from a selected, still extant, plant taxon. The analysis was 
extended to Eurasian and global scales, when needed, as for example in the examination of taxonomic and phylogenetic 
issues, for which a country-scale analysis is not meaningful, and the contribution of non-Italian fossils cannot be ruled 
out. 
	 Disentangling the taxonomy of fossils of the genus Lycopus Linnaeus (1753: 21), provides a suitable study case to 
engage our combined approach. The phylogenetic placement of this genus is well-assessed and its divergence from the 
most closely related genera is attributed, on a molecular basis, to relatively deep times (ca. 35 million years ago = Ma; 
Drew & Sytsma 2012). Several fossil fruits reported from Europe have not been included in the phylogenetic analysis 
of Drew & Sytsma (2012), but the Oligocene date of a fossil, reported by Mai (1985), was cited in support to the long 
phylogenetic stem of Lycopus. Both Govaerts (2020) and The Plant List Ver.1.1 (2013; http://www.theplantlist.org) 
reported 19 accepted species names for Lycopus (excluding hybrids and unresolved names), whereas Moon & Hong 
(2006) considered Lycopus as consisting of “approximately 16 species”. The geographic distribution of this genus 
covers most of the Northern Hemisphere, and only one species, L. australis Brown (1810: 500), occurs in Australia 
(Henderson 1962, Cantino 2004, Moon & Hong 2006, Morales 2010, Moon et al. 2013). In Europe, three species 
are reported (Euro+Med 2006-2015, Ardenghi et al. 2014; Bartolucci et al. 2018; Galasso et al. 2018): L. europaeus 
Linnaeus (1753: 21), L. exaltatus Linnaeus f. (1781: 87), and L. lucidus Turczaninow ex Bentham in Candolle (1848: 
179), the last species was introduced at the beginning of the 21st century from eastern Asia. Historically, Briquet (1896) 
recognised two sections within Lycopus, sect. Stoloniferi Briquet (1896: 316) and sect. Astolonosi Briquet (1896: 317), 
the latter with only one species, L. americanus Muhlenberg ex Barton (1815: 15). The two sections are distinguishable 
mainly by the presence/absence of long runners from the lower nodes of the stem. Briquet’s infrageneric classification, 
however, was not followed by Henderson (1962) nor by Moon & Hong (2006), who identified four groups of species, 
without systematic implications, based on nutlet (= mericarp) morphology and anatomy. According to Drew & Sytsma 
(2012), the presence of only two stamens, a unique pericarp structure (Ryding 2010), and a very long branch in both 
cpDNA and nrDNA support a subtribal status for Lycopus [Lycopinae Drew & Sytsma (2012: 945)]. 
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	 The fossil record of Lycopus is mainly represented by nutlets, whose preservation is possible in those sedimentary 
deposits in which scarce to moderate decay of the organic matter occurs, especially in waterlogged palaeoenvironments. 
On the contrary, pollen grains in the sediments cannot be easily discriminated under the light microscope, thus they are 
commonly included in the Mentha-type or in undifferentiated hexacolpate grains of Lamiaceae (Beug 2004, Martinetto 
& Macaluso 2018).
	 Several authors (e.g., Reid 1920, Nikitin 1948, Dorofeev 1963, Velichkevich 1973, Mai & Walther 1988, 
Łańcucka-Środoniowa 1979, Martinetto 1994a, Mai 2000, 2001, Nikitin 2006) reported fossil fruits attributed to 
Lycopus in Europe and West Asia: from the oldest, early Oligocene (ca. 30 Ma) nutlets of West Siberia (Nikitin 
2006), through more common Miocene (23.0–5.3 Ma) records, ranging from West Siberia and Northern Kazakhstan 
to Central Europe, and to the abundant Pliocene and Pleistocene occurrences (5.33–0.01 Ma). Most of the Pliocene 
and Pleistocene records of Western Eurasia (see also O’Brien & Jones 2003, Velichkevich & Zastawniak 2003, Maul 
et al. 2013, Alçiçek et al. 2016) were assigned to the extant species L. europaeus, whereas Oligocene and Miocene 
records (plus a few Pliocene ones) were assigned to the fossil-species L. antiquus E.M. Reid (1920: 76). Additionally, 
Nikitin (2006: 42) suggested the presence of up to five undescribed fossil-species in the Oligocene and Miocene of 
West Siberia, and three fossil-species with characteristic morphology were described in the late Cenozoic of Eastern 
Europe: L. cholmechensis Wieliczkiewicz & Zastawniak (2003: 200), L. europleistocenicus Doweld (2018: 82) and L. 
pliocenicus Dorofeev (1987: 69).
	 This paper presents the inventory of fossil remains of Lycopus recorded in Italy (Fig. 1) from deposits dated to 
the last 5 million years (Tab. 1, Tab. 2), i.e. from early Pliocene to late Holocene. Fossil nutlets of this genus are herein 
selected for a combined palaeo- and archaeobotanical approach, because the morphology of the nutlets is well-studied, 
being one of the most diagnostic characters for the identification of the species, even in extant plants (Henderson 
1962). The morphological analysis of the Italian fossil nutlets was carried out to help the species identification in 
comparison to extant and fossil reference materials. Nevertheless, only some of the characters used for identification 
of extant nutlets can be detected in fossil specimens. For this reason, a review of fruit morphology was undertaken to 
verify the accuracy and level of identification. 

FIGURE 1. Map of Italian fossil localities where Lycopus nutlets have been detected. Site numbers are referred to those listed in Tab. 1 
and Tab. 2. 
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Materials and methods

Nutlet morphology of extant species:—The comparative analysis of extant species was not restricted to those occurring 
today in Europe, and an attempt was made to gather information about all the extant species. In fact, there is no reason 
to assume a priori that only the two European extant species should occur in the European fossil record. Rather, in 
other plant genera, the past occurrence in Europe of species now lacking in this territory was firmly demonstrated 
(e.g., Mai & Walther 1988, Velichkevich & Zastawniak 2003, Martinetto 2015). The analyses of extant nutlets pointed 
to the detection of diagnostic combinations of morphological characters which could characterise particular nutlet 
types of taxonomical relevance, also recognizable in fossil assemblages. We pointed to construct a key (see below) 
useful to assign each extant or fossil nutlet to a definite morphological type. The possible diagnostic characters of the 
nutlets of extant species (Tab. 3), in part newly detected by us, have been listed on the basis of the images provided, 
first of all, by Moon & Hong (2006), and secondarily by Henderson (1962), Crow & Helmquist (2000) and Son et al. 
(2016). For L. americanus we also used two images from reliable websites (Eastern Illinois University: http://castle.
eiu.edu; United States Department of Agriculture: https://plants.sc.egov.usda.gov; see Tab. 4). Direct observations at 
the stereomicroscope of six specimen-rich extant samples (more than 40 nutlets: Tab. 4) were particularly relevant 
to assess the degree of intraspecific variability in L. americanus (US2814056), L. europaeus and L. exaltatus. The 
material of L. europaeus (MCC0708, MCC2540, MCC2547) and L. exaltatus (MCC1335, MCC2548) originated from 
different individual plants and localities (Tab. 4), and was stored in the Modern Carpological Collection of the Turin 
University (MCC, see Martinetto et al. 2014).
	 The selection of characters was biased towards those easily retained in the fossils, and therefore it did not 
correspond to the selection operated by Moon & Hong (2006), which included several characters not preserved in 
fossils (thickness of anatomical details, trichomes, epidermal cell shape). Based on the previous morphological studies, 
the characters useful for identification were observed from the dorsal view, because the ventral view does not show the 
diagnostic traits of the collar (open/closed and subequal/unequal collar, see explanation of Fig. 2). Beyond the collar 
and its variable thickness, the dorsal view showed different states of the central area, which we called “scutum” (Fig. 
2) and may be neatly delimited by the collar (apparent) or not (poorly apparent). Nevertheless, the states of a few other 
characters, considered to be relevant, are detectable in both dorsal and ventral view, such as the truncate, subtruncate, 
or round apical outline and the tuberculated or non-tuberculated corky crest (the crest is the apical portion of the collar: 
Fig. 2). Of course, also the L:W ratio and the width at scutum apex/base could be measured regardless of the dorsal or 
ventral view.
	 Fossil-species:—The comparison with extant reference material cannot be sufficient for the Italian pre-Quaternary 
fossil samples, because the occurrence of a few fossil-species was reported from the late Cenozoic of other European 
localities. Therefore, we pointed to compare the Italian fossils with previously described fossil-species of Lycopus, 
focusing on the nutlet’s dorsal view. To our knowledge, four fossil-species were described for the Cenozoic of this 
area (see Introduction) by Reid (1920), Dorofeev (1963, 1987) and Velichkevich & Zastawniak (2003). Concerning 
the earliest described species, L. antiquus, the first author was able to use for this work the notes taken in the 1990s, 
when he studied the type material at the British Museum of Natural History of London. In order to locate material of L. 
pliocenicus, we analysed all the available fossil samples of Lycopus in the palaeobotanical collections of the Komarov 
Botanical Institute (label BIN-PB), but we were unsuccessful, since palaeocarpological collections from Belarus are 
no longer stored there. Therefore, the information about this species was based on the literature, as it was also for L. 
cholmechensis. On the other hand, we located in the same repository some samples of several putative fossil-species 
from Siberia, which were mentioned, but not described by Nikitin (2006). Even if a revision of Lycopus fossils in this 
collection was beyond the scope of the present paper, we analysed selected material (BIN-PB-H2514, H2023, H2926, 
H3404, H3616, H4313) of Nikitin’s putative fossil-species with the aim to evaluate the affinities with the Italian fossil 
samples. Additionally, in order to include a wider assortment of nutlets from East Europe and West Siberia, selected 
fossil samples of Lycopus in the general collection of the Komarov Botanical Institute were also analysed: BIN-PB-
K20, K320, K432, K453, K457, K517, K519, K520, and K523. The low number of well-preserved specimens (1-3) 
available for each sample of this last set was not suitable for a sound analysis of the degree of variability for several 
characters. 
	 Italian fossil samples:—A total of ca. 6000 fossil nutlets of Lycopus have been collected from 23 pre-Holocene 
sedimentary records (Tab. 1), and 38 Holocene sedimentary records or archaeological sites (Tab. 2). The sites are 
located in nine regions of Northern (Piemonte, Emilia-Romagna, Liguria, Lombardia, Trentino-Alto Adige, Friuli-
Venezia Giulia, Veneto) and Central Italy (Toscana, Umbria) (Mercuri et al. 2015). The pre-Holocene materials are 



MARTINETTO et al.12   •   Phytotaxa 513 (1) © 2021 Magnolia Press

stored at the CENOFITA collection of the Turin University (CCN, see Martinetto 2015), whereas Holocene materials 
are stored at various laboratories indicated in Tab. 2. 
	 Age estimation:—The age of each site bearing Lycopus fossil nutlets has been mostly taken from the literature 
(Martinetto 2015, Mercuri et al. 2015). New 14C dating has been carried out, in the Heidelberg 14C laboratory, only for 
two sites: Cave Germaire and Colombari. The Cave Germaire sediment sample used for 14C dating was a peat block 
extracted by a suction pipe at the bottom of an artificial lake, where peat deposits have been observed underwater. The 
three Colombari samples were small compressed woody axes with preserved tree rings collected in situ from a short 
outcropping peat-bearing section along the Chiusella River. The Cave Germaire and Colombari samples were pre-
treated by the ABA sequence and bleached by NaClO2. 

14C ages were calibrated using OxCal 4.3 and IntCal13.

FIGURE 2. Diagnostic characters suggested for Lycopus nutlets, modified from Moon & Hong (2006).
a scutum apparent; c collar base closed; CTa collar thickness at the apex; CTb collar thickness at the base (the collar is defined as 
“subequal” when CTa≃CTb and as “unequal” when CTa>CTb); l4 mean collar thickness larger than 1/4 nutlet’s width; n nutlet’s apical 
end non-tuberculated; n4 mean collar thickness narrower than 1/4 nutlet’s width; o collar base open; p scutum poorly defined; r apical 
outline round, st apical outline subtruncate; u collar base open but border of collar margin unclear. These characters are scored for each 
species of Lycopus in Tab. 3.

Results

New 14C dates:—The analysis of the Cave Germaire sediment sample (Hd-24603) provided a result beyond the 14C 
range (>50000 calendar years before present = cal BP), whereas the three wood samples from Colombari provided 
very similar ages, and only sample Hd-23867 proved to be ca. 300 years younger than the other two (Fig. 3). Due to 
the 14C result we are forced to keep the generic Middle-Late Pleistocene age indicated by Tropeano and Cerchio (1987) 
for the sediments of the Cave Germaire peat sample (Hd-24603). Conversely, we obtained a robust latest Pleistocene 
date for the Colombari succession, deposited between 13600 and 13200 years cal BP.
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	 Diagnostic nutlet characters of extant species:—Observations on the intraspecific variability of nutlets in 
specimen-rich samples were fundamental for the selection of those morphological characters seeming to have major 
taxonomical relevance. The morphological variability observed in ca. 40–100 specimens (Tab. 4) from single samples 
was rather high in L. europaeus and more limited in L. americanus and L. exaltatus. Also, the mismatch of characters 
between three samples of L. europaeus from different localities (Tabs. 3, 4) was consistent, and a further mismatch 
was noticed in the nutlet dimensions provided by Moon & Hong (2006) for this species, which were larger than those 
measured by us (Tab. 3). We observed that the occurrence of a single nutlet with a contrasting character (e.g., open 
collar base in a sample of nutlets with prevailing closed collar base) may often occur in individual extant specimen-
rich samples, therefore we considered more important the frequency (Tab. 4: absent, rare, frequent) of the relevant 
characters in an assemblage of nutlets. For example, an unequal collar was rarely detected in L. europaeus, but a very 
high frequency of nutlets with unequal collar was only observed in the two extant samples of L. exaltatus, so that this 
character was considered diagnostic for an own morphological type. Likewise, a few characters (e.g., spongy tissue at 
the apex of ventral ridge: Tab. 4) were regarded as scarcely diagnostic because they occurred rarely in different species, 
and in none of these were frequent. 

FIGURE 3. 14C dates and ranges of the Colombari (“Ivrea”) samples, calibrated using OxCal 4.3 (above) and IntCal13 (below).

	 The definition of nine morphological types (see the key below) was based on the following characters, considered 
to be more constant: symmetricity, crest features, apparentness of the scutum, mean L:W ratio, collar base type and 
breadth at different positions, apical outline. Six of these morphological types were recognised thanks to images 
provided by the literature (summarised in Tab. 3), without information on the variability.
	 Six extant species showed distinct and diagnostic combinations of characters (Tab. 3), corresponding to 
morphological types named after each species: L. asper Greene (1898: 339), L. australis, L. charkeviczii Probatova 
(1995: 351), L. exaltatus, L. laurentianus Rolland-Germain (1945: 177), L. lucidus. 
	 Conversely, other six species [L. amplectens Rafinesque (1840: 115), L. angustifolius Elliott (1816: 26), L. cokeri 
Ahles ex Sorrie (1997: 124), L. rubellus Moench (1802: 146), L. uniflorus Michaux (1803: 14), L. virginicus Linnaeus 
(1753: 21)] seemed to share a stereotype of nutlets, that we called L. virginicus-type. Some doubts about the type of 
nutlets of L. uniflorus arose from the observation of a specimen figured by Moon & Hong (2006) and assigned to 
L. parviflorus Maximowicz (1859: 216) (probably a synonym of L. uniflorus, see The Plant List 2013). In fact, its 
morphology conforms to the L. charkeviczii-type (and not to the L. virginicus-type) because of its apparent, smooth 
central area (here newly named “scutum”: Fig. 2), even if the dimensions are smaller than those of the nutlets of L. 
charkeviczii (Tab. 3).
	 The easily distinguishable L. americanus-type of nutlets was shared by two species, for which we noticed putative 
differential characters that should be better evaluated in larger samples of nutlets: L. americanus has regularly round 
apical outline; L. coreanus Léveillé (1910: 423) mostly shows a subtruncate apex. 
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	 Finally, the L. europaeus-type was detected in L. europaeus and L. maackianus Makino (1897: 382). However, 
the nutlets of the latter species often have characters which were rarely observed in the first one: very thick collar 
and asymmetrical outline. The occurrence of one nutlet of the L. exaltatus-type (unequal collar thickness) in a 
sample (MCC2547) originating from a single plant of L. europaeus was also remarkable to point out that single 
fossil nutlets, with morphology diverging from the bulk of the others (of the L. europaeus-type), may lead to wrong 
determinations.
	 Individual extant or fossil nutlets can be assigned to one of the nine above-mentioned morphological types 
according to the diagnostic characters listed in the following key (without phylogenetic implications). 

Identification key for the morphological types of Lycopus nutlets (mericarps)
See Fig. 2, Tab. 3 and Tab. 4 for explanation of characters and terminology

1. 	 Asymmetrical nutlet............................................................................................................................................................................2
- 	 Symmetrical nutlet, non-tuberculated corky crest...............................................................................................................................5
2. 	 Tuberculated corky crest.....................................................................................................................................................................3
- 	 Non-tuberculated crest, poorly apparent scutum.................................................................................................................................4
3. 	 Apparent scutum, L > 2 mm = L. charkeviczii-type;
- 	 Poorly apparent scutum, L < 2 mm = L. virginicus-type
4. 	 Truncate apex, crest indefinite, mean L:W ratio 1.1 = L. asper-type;
- 	 Subtruncate apex, crest very thin, mean L:W ratio 1.5 = L. laurentianus-type.
5. 	 Poorly apparent scutum, collar base mostly closed = L. lucidus-type
- 	 Apparent scutum .................................................................................................................................................................................6
6. 	 Collar broader than 1/4 of the nutlet’s width = L. australis-type
- 	 Collar narrower than 1/4 of the nutlet’s width.....................................................................................................................................7
7. 	 Apical outline truncate or subtruncate, wb frequently > 2/3 wa = L. europaeus-type
- 	 Apical outline commonly round, wb frequently < 2/3 wa..................................................................................................................8
8. 	 Collar subequal = L. americanus-type
- 	 Collar unequal = L. exaltatus-type 

Morphological characterisation of validly published fossil-species:—After our analysis, a re-evaluation of validly 
published fossil-species was possible based on nutlet morphology. The earliest described fossil-species of L. in the 
Cenozoic of Eurasia is L. antiquus, represented by a single specimen (the holotype) from the late Miocene French site 
of Pont-de-Gail (Reid 1920). Other four fragmentary specimens, dubitatively assigned to L. antiquus by Reid (1920, 
pl. 4, figs. 15, 16), have such a thick, robust, and shiny structure (unknown in extant L.) that their interpretation as L. 
nutlets must be rejected. Rather, they seem to represent fragments of seeds of the lythraceous genus Decodon, which is 
common in the same fossil assemblage. Conversely, the available images of the holotype (Reid 1920, pl. 4, figs. 12a, 
b) indicate that it may actually represent a nutlet of L. (even if a more accurate analysis would be desirable) of the L. 
virginicus-type, because of the tuberculated corky crest, poorly apparent scutum and L < 2 mm (= 1.3 mm). It should be 
noted that Dorofeev (1963), Mai & Walther (1988) and Nikitin (2006) assigned to L. antiquus several fossil specimens 
with contrasting characters (non-tuberculated corky crest, apparent scutum), whose identification should be revised. 
	 A second fossil-species was described by Dorofeev (1963b) on the basis of Pleistocene nutlets from Belarus which, 
according to him, seemed to “differ from modern L. europaeus L. by a characteristic excrescence of a spongy tissue at 
the apex of the ventral side, not connected to the collar, and by a completely closed up gap at the base of the dorsum” 
(closed collar in this paper). This fossil-species was named L. intermedius Dorofeev (1963b: 168), but was not validly 
published (missed holotype designation) until Doweld (2018) validated it and renamed it L. europleistocenicus.
	 The third fossil-species described from the Cenozoic of Eurasia, L. pliocenicus, is based on material from locality 
Dvorets (Belarus, East Europe). The types were illustrated by Dorofeev (1987) in six drawings of nutlets only shown in 
ventral view. These fossil specimens are presently unavailable, but the characters shown by the drawings are sufficient 
to assess that they belonged to Lycopus. A single photograph of a nutlet (ventral view) of L. pliocenicus from Dvorets 
seems having been published so far (Velichkevich & Zastawniak 2007, pl. 3, fig. 5). Even if the dorsal side of the fossil 
nutlets from Dvorets was not illustrated, the characters seen in ventral view conform to the L. americanus–type and 
only the generally broader base and larger size distinguish the fossil nutlets from those of the extant American species 
L. americanus. Indeed, L. pliocenicus should be better characterised and the distinction of the fossil-species from the 
extant species L. americanus would need to be accurately re-assessed. 
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	 The most recently described fossil-species is L. cholmechensis from the Eastern European locality Kholmech 
(Belarus) (Velichkevich & Zastawniak 2003). Its nutlets with non-tuberculated corky crest, apparent scutum and 
truncate or subtruncate apical outline, can be assigned to the L. europaeus–type, but they differ from the nutlets of the 
extant species (L. europaeus, L. maakianus) because of the slightly concave crest that sometimes bears small lateral 
extensions, named “auricles”. 
	 Main characteristics of Russian fossils:—Most of the Oligocene to Miocene fossil samples from Siberia and 
European Russia analysed by us contain assortments of nutlets that, for size and combination of characters, do not agree 
with any extant species. Indeed, these nutlets approach either the L. americanus or the L. europaeus-type but often 
they cannot be assigned to either. However, at least two samples of nutlets in the Nikitin collections can be assigned 
(according to the key above) to the L. americanus-type: one from the early Oligocene of West Siberia (BIN-PB-
H4313) and a second one from the early Miocene of the Russian Far East (BIN-PB-H3616). Fossils of this type were 
labelled by Nikitin (2006, 202) as “Lycopus parvulus”, which is, however, a nomen nudum. Furthermore, individual 
nutlets with characters pointing to the L. europaeus-type (e.g., wb frequently > 2/3 wa and subtruncate crest) occur 
in an early Miocene sample (BIN-PB-K517) from West Siberia, mixed with nutlets showing at least one contrasting 
character (e.g. wb frequently < 2/3 wa). A third nutlet type, detected in a single early Miocene West Siberian sample 
(BIN-PB-H3404), is the L. charkeviczii-type. 
	 Only among Pliocene materials we detected whole nutlet assortments (BIN-PB-K453, less so BIN-PB-K20) 
which not only agree with the L. europaeus-type, but also show the same morphological variation as the extant ones of 
L. europaeus (Tab. 3, 4: MCC2547). At the present state of the art, the Russian fossils can only confirm the existence of 
a reliable record for the genus Lycopus since early Oligocene and an early morphological diversification before the end 
of the Miocene (as proved by the occurrence of three different nutlet types within the Miocene). Indeed, the abundant 
and well-preserved material of the BIN-PB collections deserves a thorough revision. 
	 Revised taxonomy of Italian fossil samples:—All the studied fossil assemblages with good preservation of the 
diagnostic characters (Tables 2, 3) could be assigned either to the L. europaeus-type or to the L. americanus-type, 
and only in two cases (samples CTO-BCN1 and NVE58, Tab. 1 and Tab. 2) one nutlet of the L. exaltatus-type was 
mixed up with a majority of nutlets of the L. europaeus-type (Fig. 4). Based on the same situation observed in the 
extant samples MCC0708 and MCC2547 (see above), this latter case was parsimoniously interpreted as a product 
of intraspecific variation. The results obtained from the comparative analysis of extant and fossil materials led us to 
propose the taxonomic framing presented below.

FIGURE 4. Broad morphological variation of nutlets in dorsal view from the Holocene of Altino (NVE58, Department of Biology of the 
Padova University), Northern Italy. Seven specimens conform to the L. europaeus-type, and only the specimen in the bottom right corner 
is of the L. exaltatus-type.
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Order Lamiales Bromhead (1838: 210)
Family Lamiaceae Martinov (1820: 355)
Genus Lycopus Linnaeus (1753: 21)

Lycopus cf. pliocenicus Dorofeev (1987: 69) (Fig. 5)
Specimens:—See Tab. 1.

Lycopus europaeus Linnaeus (1753: 21) (Fig. 4)
Specimens:—See Tab. 1, Tab. 2.
 
Lycopus cf. europeaus Linnaeus (1753: 21)
Specimens:—See Tab. 2.

Lycopus sp. or spp. indet.
Specimens:—See Tab. 1.

Discussion

Intraspecific variation:—Our observations on many specimens of single extant species indicate that the fruit characters 
in Lycopus are more variable than described by Moon & Hong (2006), so that a rigorous assignment of a single fossil 
nutlet (even perfectly preserved) to a precise extant species or fossil-species seems to be hazardous. For example, 
within a nutlet assemblage collected from a single plant of L. europaeus (MCC2547), where the dominant condition 
was L:W ratio ca. 1.2 and closed collar base, we detected a few nutlets with L:W ratio ca. 1.5 and open collar base, 
characters that are more typical for L. exaltatus. In extant samples of L. exaltatus the morphological variation of the 
nutlets was scarce, nevertheless we did observe nutlet morphologies approaching those of L. europaeus in a few 
specimens of sample MCC2548. Hence, individual fossil nutlets assignable to a definite morphological type (e.g., 
the L. europaeus-type) do not necessarily testify for the occurrence of the species in which that type is dominant 
(e.g., L. europaeus). However, the observations on specimen-rich extant samples of L. americanus, L. europaeus and 
L. exaltatus suggest that the dominant, more stable characters (Tab. 4) permit the identification of the species. Such 
characters are often preserved also in fossil assemblages, and can be exploited to assign a homogeneous assortment 
of fossil nutlets to a dominant and definite morphological type, by following the key provided above. The possibility 
of a next step, i.e. assignment to an extant species or fossil-species (Turland et al. 2018, article 1.2), depends on the 
evaluation of the context (i.e. location and age of the fossil-bearing deposit, degree of knowledge of the fossil flora in 
that area). 
	 Identification of Italian fossil samples:—Most of the studied Italian fossil assemblages (Tables 1, 2) can be 
assigned either to the L. europaeus-type or to the L. americanus-type. All Holocene and a few Pleistocene assemblages, 
dating back to no more than 0.1-0.2 Ma (CTO-BCN1: Tab. 1), are characterised by the exclusive presence or prevalence 
of L. europaeus-type. This type of nutlets occurs in the fossil-species L. cholmechensis and L. europleistocenicus as well 
as in the extant species L. europaeus and L. maackianus. However, the nutlets of L. cholmechensis are characterised 
by a concave crest, often with auriculae, which was not observed in the Italian fossils. The purported diagnostic 
characters of L. europleistocenicus (spongy tissue at the apex of the ventral side, closed collar) have been observed in 
extant samples of L. europaeus (Tab. 4), suggesting that it is not a separate taxon. Nutlets of the extant L. maackianus 
differ from the Italian fossils for the very thick collar and slightly asymmetrical outline. Only the extant samples of L. 
europaeus showed a total match to the fossils, therefore we confidently assigned to L. europaeus all the Italian samples 
showing a prevalence of L. europaeus-type. 
	 The exclusive occurrence of the L. americanus-type (Fig. 5) was detected in two fossil assemblages from the 
oldest, Pliocene localities: Ca’ Viettone (4.0-3.5 Ma: Martinetto et al. 2018) and Stura di Lanzo-Nole Canavese (ca. 
3.1 Ma: Martinetto et al. 2007). Fossils from these assemblages, due to the subequal collar (Fig. 2) and the frequently 
round outline of the apex, are morphologically closer to L. americanus than to L. coreanus, L. europaeus and L. 
exaltatus (Tab. 4). In particular, despite the consistent morphological similarity of these European fossils with the 
nutlets of the extant European L. exaltatus, they do not seem to indicate past occurrence of such species, because of 
the regularly rather than irregularly round apical outline and narrower collar in the apical part. The Italian Pliocene 
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fossils are very similar to the late Cenozoic East European nutlets of the fossil-species L. pliocenicus and to a sample 
of nutlets from the early Oligocene of West Siberia (BIN-PB-H4313), putatively assigned in Nikitin’s collection to a 
separate fossil-species (“L. parvulus”, not validly published), which only differs for a slightly more toothed crest.

FIGURE 5. Lycopus cf. pliocenicus from the early Pliocene of Ca’ Viettone (Martinetto et al. 2018), Northern Italy, nutlets in dorsal view 
(CCN2406, CENOFITA collection of the Turin University). Scale bar 1 mm. The nutlet at the top left corner is enlarged in the right portion 
of the image.

	 The present evidence suggests these two possibilities: a) the Italian fossils from the Ca’ Viettone and Stura di 
Lanzo-Nole Canavese sites may actually indicate past occurrence of L. americanus in Europe; b) they may belong to 
a European fossil-species. The first possibility would need further evidence and may be confusing for phylogenetic 
and phytogeographic analyses. Moreover, these fossils can be distinguished from L. americanus for a slightly larger 
nutlet size (length 1.35–1.70 versus 1.00–1.40 mm) and, therefore, the second possibility is preferred. Indeed, these 
Italian fossils match all the known characters of L. pliocenicus, but the state of relevant collar characters (open/close, 
subequal/unequal) in the type material of such fossil-species is unknown. For this reason, the use of open nomenclature 
(L. cf. pliocenicus) is preferred for the Italian fossils. Additional fossil specimens from Villafranca d’Asti-RDB Quarry 
(Tab. 1), dated around 3.2 Ma, agree in all the detectable characters with the above-cited ones of the Ca’ Viettone 
and Stura di Lanzo-Nole Canavese sites, and are also assigned to L. cf. pliocenicus. Some other Pliocene and all 
the Early Pleistocene (2.6 to 0.8 Ma) fossils are problematic (Tab. 1: listed as L. sp. indet., see Sigovini et al. 2016), 
mainly because of the scarcity of remains. A fossil from Pietrafitta, which was doubtfully attributed to L. cf. exaltatus 
(Martinetto et al. 2014), does not show convincing diagnostic characters for that species (e.g., unequal collar), so 
that here it is reinterpreted as Lycopus sp. indet. The abundant samples from sediments younger than 0.2 Ma (Fig. 4) 
showed a combination of characters typical of the L. europaeus-type and, in consideration of the context of the fossil 
sites, can be confidently assigned to L. europaeus. Only in one site (NVE58, Altino) a nutlet of the L. exaltatus-type 
was found (Fig. 4) in association with much more abundant nutlets of the L. europaeus-type and with intermediate 
forms, thus suggesting a broad intraspecific morphological variation (as observed in extant samples MCC0708 and 
MCC2547, see above), rather than the unlikely occurrence of L. exaltatus in this fossil assemblage. 
	 Ecology and distribution in Italy:—The habitat of Lycopus species is mostly confined to wetlands and river 
banks (Henderson 1962, Moon & Hong 2006, Euro+Med 2006-2015). L. americanus is considered an obligate wetland 
plant as it is common in marshes, wet meadows, shores, streambanks, ditches, calcareous fens, and wetland margins 
(Chadde 2002). Also L. europaeus grows in wetlands, typically marshy grassland, tall-herb fringe communities, 
banks of ponds and rivers, and shaded streams (Akhani 2014). Today in Italy these habitats are more common in the 
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northern and central part of the country and, interestingly, most of the palaeobotanical records of Lycopus are from the 
Northern Italian regions. Only a few traces are available from the northern part of Central Italy, whereas no records 
are available from the southern regions, Sicily and Sardinia. Despite we can invoke preservation biases and uneven 
intensity of archaeo- and palaeobotanical investigations among the causes of such missing evidence, the ecological and 
phytogeographical, besides taphonomic and collection, features may explain why the records are concentrated in the 
northern regions of the country. 

Conclusions

Taxonomical and chronological overview of the Italian fossils:—The overview of the collections and field studies 
highlights significant and diffused Lycopus records since 4 Ma from different Italian localities. All those Italian fossil 
assemblages which showed a good preservation of the diagnostic characters could be assigned to only two (out of nine) 
morphological types of nutlets, either to the L. europaeus-type or to the L. americanus-type.
	 The fossil record of Lycopus in Italy starts with a rich assortment of nutlets of L. cf. pliocenicus dated to the late 
Zanclean (late early Pliocene) and this taxon also occurs in the Piacenzian (late Pliocene). The deposits dated from 
2.6 to 0.2 Ma provided a limited number of fossil nutlets, often incomplete, which are treated as Lycopus sp. indet., 
whereas the abundant samples from sediments younger than 0.2 Ma showed a combination of characters typical of 
the L. europaeus-type and can be confidently assigned to L. europaeus. The oldest assemblage assigned to this species 
dates back to 0.2–0.1 Ma (Cava Campitello: Tab. 1), whereas the Holocene record is widespread and includes several 
archaeological sites as well.
	 Future development:—The possible phylogenetic relationships of the Pliocene L. cf. pliocenicus from Italy with 
the extant European species L. europaeus and L. exaltatus, but also with the morphologically similar non-European 
species L. americanus, L. maackianus and L. coreanus, remain unclear. However, our detection of L. americanus-type 
nutlets in the Neogene of Europe, and back to the early Oligocene in West Siberia (Dorofeev 1963, Nikitin 2006) 
may be significant. It should be investigated whether the five above-cited extant species, sharing very similar fruit 
morphology (non-tuberculated corky crest, apparent scutum), may have diverged from a common ancestor with nutlet 
characters very similar to those of the extant L. americanus. Of course, the remains of this putative ancestor could be 
represented by the early Oligocene plant which produced the above-cited West Siberian fossil nutlets. This lineage 
may have later expanded its range down to southern Europe (L. cf. pliocenicus of the Italian Pliocene). The presently 
available fossil record, alone, does not permit to assess whether the extant European L. exaltatus, missing any reliable 
fossil record, might have originated from such a lineage. Rather, the almost complete morphological correspondence of 
the nutlets of the extant L. americanus with some Eurasian fossils mildly suggest that it could be a descendant of that 
lineage through a possible range expansion to North America. In facts, early Miocene fossils of the L. americanus-type 
occur in the Russian Far East (Lycopus parvulus, Nikitin 2006, p. 16), i.e. right on the pathway from West Siberia to 
Alaska through the Beringian land bridge (Wen et al. 2016). Based on palaeobotanical evidence, the evolution of L. 
europaeus may well have taken place in Eurasia, where the L. europaeus nutlet type is documented at least since the 
Miocene in West Siberia, and where nutlet assemblages morphologically identical to the extant ones of L. europaeus 
occur since the Pliocene. We hope that our assessment of diagnostic characters and morphological types of nutlets will 
facilitate future analyses on fossil assemblages and comparisons with extant taxa, and we suggest that the integration 
of such analyses with molecular phylogeny could progressively fill the gaps in our knowledge of the distribution of 
Lycopus taxa through time and space.
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