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Abstract Sixteenth-century herbaria are the oldest plant collections that survive today and, as such, they provide valuable insights in
past floras and historical botanical interactions. One of the most fascinating still extant 16th-century herbaria is the four-volume col-
lection of the German physician, botanist and traveler Leonhard Rauwolf (1535?–1596). Here we present a first full account of the
botanical contents of Rauwolf’s first three herbaria, compiled between 1560 and 1563 during and right after his medical studies in
southern France and northern Italy. This collection counts in total 699 specimens, which belong to 657 species and subspecies. It
is a valuable source on the history of the flora of southern France and northern Italy, as it contains numerous interesting examples
of typical Mediterranean, alpine, exotic and even invasive species. It is also the output of meticulous scientific work, evident in the
diligent preparation and ordering of plant specimens, the presence of species that are not found in other contemporary herbaria,
and the detailed annotations on morphology and other features such as dispersal, habitat, scent or taste. By showcasing several exam-
ples of specimens, we demonstrate that Rauwolf’s early herbaria represent a fine example of the botanical trends that arose during the
16th century leading to the emergence of botany as a distinct scientific discipline.
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■ INTRODUCTION

Historic herbaria are more than archives of past plant re-
cords. They report changes in the floristic composition of an
area over time (De Jong & al., 2022a; Buldrini & al., 2023),
they shed light on the history of useful plant species
(Stefanaki & al., 2022; Van Andel & al., 2022; Vos & al.,
2022; Eggli & al., 2024; Colangelo & al., 2025) or invasive
ones (Groom & al., 2019; Stefanaki & al., 2021), and help
clarify taxonomic (Stefanaki & al., 2022) and nomenclatural
issues (Ghorbani & al., 2017). They also inform us about early
plant expeditions (Rose, 2018; Walter & al., 2021; Arias-
Gámez & al., 2023), the botanical practices (Offerhaus
& al., 2021, 2025; Buldrini & al., 2026) and scholarly net-
works of previous centuries (De Jong & al., 2022b; Thijsse
& al., 2023; Scott & al., 2025), and reveal the activity of fa-
mous (Van Andel & al., 2012; Ghorbani & al., 2018; Stefa-
naki & al., 2021; Offerhaus & al., 2023) and fame-deserving
botanists (Stefanaki & al., 2019) of the past. This wealth of

information can only be fully revealed once the botanical con-
tents of these herbaria have been deciphered, i.e., when the in-
cluded plant specimens have been taxonomically identified.
This is by no means an easy task: specimens in historic her-
baria are often badly preserved, they lack duplicates or essen-
tial morphological characters, are firmly glued on paper,
damaged by insects, and physically handling them is often
not allowed. Despite these limitations, proper taxonomic iden-
tification remains an essential step in the study of these pre-
cious collections.

The oldest surviving herbaria were made in 16th-century
Europe, which witnessed the transition of botany from a prac-
tical application within medicine into a distinct scientific field
(Palmer, 1985; Ogilvie, 2006; Walter, 2025). Herbaria played
an important role in this transformation, starting from a staple
in the training of medical students, to enter the circles of the
elite as luxury items, and eventually become a scientific tool
for scholars (Palmer, 1985; Findlen, 1994; Ogilvie, 2006;
Cristofolini, 2024). One of the most famous, yet largely
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unexplored, 16th-century herbaria that has survived to this day
is that of the Augsburg physician Leonhard Rauwolf (1535?–
1596). Rauwolf is best known for his adventures in the Near
East which resulted in a luxurious book herbarium with exotic
plants (Ghorbani & al., 2018). Rauwolf ’s collection attracted
the interest of the Habsburg emperor, Rudolf II (1552–
1612), who purchased in 1593 Rauwolf ’s herbarium of four
volumes (Walter & al., 2021). Following a long journey
around Europe, the herbaria were stolen by Swedish soldiers
from Rudolph’s art cabinet in Prague during the Thirty Years’
War, came to the possession of Queen Christina of Sweden in
Stockholm, to change hands again andmove to London as part
of the vast collection of books and manuscripts of the Dutch
librarian Isaac Vossius (Callmer, 1973; Stefanaki & al.,
2019; Walter & al., 2021). After Vossius’s death, the herbaria
ended up in 1690 in Leiden, The Netherlands, where they have
remained ever since (Callmer, 1973; Stefanaki & al., 2019;
Walter & al., 2021). The first herbarium is on display at the
Boerhaave Museum, and the second, third and fourth herbar-
ium are kept at Naturalis Biodiversity Center.

Rauwolf ’s fourth herbarium from the Middle East has
received extensive attention (Ghorbani & al., 2017, 2018;
Walter & al., 2021), but the botanical contents of the other
three herbaria remain largely unknown. Although less luxuri-
ous than Rauwolf’s fourth herbarium from the Middle East,
these three herbaria are large leather-bound books with gold
embossed decorations, each carrying a calligraphic title page
and more than 200 dried plants (a detailed physical descrip-
tion of the herbaria is provided by Stefanaki & al., 2021). They
were assembled in Rauwolf ’s early botanical years in southern
France and northern Italy during and right after his medical
studies. Being a pupil of Guillaume Rondelet (1507–1566),
renown professor at the medical faculty of Montpellier, Rau-
wolf eagerly herborized around Languedoc and Provence be-
tween 1560 and 1562, accompanied by his classmate and
friend Johann Bauhin (1541–1613) (Legré, 1900; Longeon,
1976; Stefanaki & al., 2021). During the three years that Rau-
wolf spent in southern France, he collected plants in various
places, as he recalls in the title page of the first and second her-
barium (French volumes), namely in “Savoyen around Geneva
andDauphiné and Lyon, Valence etc., but also in the Provence
around Avignon, Arles, Marseille, Chalon de Crau on the
rough dry heath, but above all in Languedoc near Nîmes,
Montpellier on Mount Ceti by the sea and in the steely moun-
tains of Auvergne, not without special effort, danger and cost”
(Stefanaki & al., 2021: 453).

After graduating at the University of Valence in Dauphiné
(Dannenfeldt, 1968), Rauwolf travelled in 1563 to northern
Italy to deepen his freshly acquired botanical knowledge.
There, he collected plants “around Padua, Verona, Mantua,
Ferrara, Bologna, Florence, Modena, Piacenza, Parma, Milan,
[and] Como”, again “not without special effort and cost”, as
we read in the title page of the third (Italian) herbarium
(Stefanaki & al., 2021: 453). Moving from town to town, he
was gradually buying stacks of paper to continue amassing
his collection (Stefanaki & al., 2021). On his way back from

Italy to his hometown Augsburg in Germany, Rauwolf contin-
ued collecting plants “in the Swiss land, in the Alps at the
St. Gotthard massif, also around Uri, Lucerne, Zug, Zurich
and Basel, and finally on his way home through the black for-
est” (Stefanaki & al., 2021: 453). These plants are also con-
tained in the third herbarium volume. During his return from
Italy to Augsburg, Rauwolf was apparently again accompa-
nied by Bauhin, as the two visited together Conrad Gessner
in Zurich (Durling, 1965). While crossing the Black Forest,
Rauwolf appears to also have visited Leonhart Fuchs
(Seybold, 1990), who was his teacher at the University of
Tübingen, where Rauwolf had shortly attended classes a few
years before moving to France (Ganzinger, 1963). Fuchs an-
notated Rauwolf’s herbaria with plant names, providing in
some cases erroneous names over Rauwolf ’s more accurate
ones (these name discrepancies are discussed by Legré,
1900, who incorrectly attributed them to Clusius, and
Stefanaki & al., 2021). Besides Fuchs, also Rauwolf’s friend
Bauhin annotated the herbarium, and, interestingly, most of
the plant names in the two French volumes were actually writ-
ten by Bauhin and not Rauwolf (Stefanaki & al., 2021).

The plant specimens included in the two French herbaria
were partly identified by Legré (1900), while the specimens of
the Italian volume have so far never been studied. Deciphering
these early herbaria not only sheds light on Rauwolf ’s botani-
cal expertise, but also provides critical data for understanding
the historical composition of theMediterranean flora in south-
ern France and northern Italy. Here we carried out a botanical
inventory of Rauwolf ’s three early book herbaria, presenting a
full species list of this unique historic herbarium collection.
We explored the contained species and their geographical
provenance, the organization of the specimens, the adopted
annotation practices and scholarly interactions as evidenced
in the different handwritings present in the herbarium vol-
umes. Based on these, we discuss Rauwolf ’s early herbaria
as an excellent illustration of the 16th-century botanical devel-
opments that helped establish botany as a scientific field of
its own.

■MATERIALS AND METHODS

We identified the specimens contained in the three book
herbaria using mostly high-resolution digital images available
at Naturalis Biodiversity Center. For the identification we
used standard Floras, primarily Flora Gallica (Tison &
Foucault, 2014), Flore de la France méditerranéenne con-
tinentale (Tison & al., 2014), Flora d’Italia (Pignatti, 1982),
Flora Europaea (Tutin & al., 1964–1980), Flora Alpina
(Aeschimann & al., 2004), and other taxonomic literature
(Ietswaart, 1980; Castroviejo, 1986–2005; Puppi & Cristo-
folini, 1996; Knapp & al., 2004; Inocencio & al., 2006;
Verloove, 2008; Fici, 2014).

In many cases identification required measurements or
observation of details under a lens, and then the actual speci-
mens were physically examined. About one-third to half of
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the specimens in the second and third herbaria were identified
through physical examination. Accessibility of the first her-
bariumwas limited as the book is in the exhibition of the Boer-
haave Museum. We were able to physically identify few
specimens in this volume, but could take into account the
identifications of Legré (1900), who had physically examined
the specimens.

All identified specimens were compared to herbarium
material available online in major databases, mainly Naturalis
Bioportal (bioportal.naturalis.nl), Journal Storage (JSTOR)
Global Plants (plants.jstor.org), Global Biodiversity Informa-
tion Facility (GBIF) Plantae (gbif.org/species/6), and
Europeana (europeana.eu). The most frequently consulted
herbaria in these databases were L, B, E, W, K, CAT and
LI. Photos of living individuals were also consulted on
Dryades (dryades.units.it/cercapiante/index.php).

Some specimens were identified by taxonomic specialists
who are thanked in the acknowledgments. For vascular plants
the names suggested by the specialists were verified by the au-
thors, while in other groups (Bryophyta, Algae) the identifica-
tions were accepted as authoritative. Plants of the World
Online (POWO, 2025) was used to homogenize the nomencla-
ture and to record the general distribution of the identified taxa.

The original plant names by Rauwolf, Bauhin and Fuchs
were taken into account to aid the identification process,
but discordances between the names given by the histori-
cal botanists and our identified names did not influence the
identifications, which were based on the taxonomic process
described here.

Very damaged specimens or specimens lacking important
discriminant characters were not possible to identify to the
species level with certainty. In total, 5 specimens could not
be identified further than the genus level, 1 was identified at
the family level, and 15 specimens have uncertain species
identifications. Uncertain names are indicated in Appendix 1
with “cf.” or “?”. When we were doubting between two poten-
tial species we gave both.

We also transcribed all plant names written next to the
specimens and in the books’ indices, which were attributed
to Rauwolf, Bauhin and Fuchs by Stefanaki & al. (2021)
(Appendix 1). For the transcription, three authors (AS, AB,
TW, the latter trained in Early Modern history and linguistics)
produced independent transcriptions of the handwritten his-
torical annotations on the plants, written by the different
historical botanists. The most plausible reading was discussed
by TW and AS. The specimens of all four volumes of the Rau-
wolf Herbarium are available online at the Naturalis Bioportal
(https://bioportal.naturalis.nl/en), where they can be looked
up via their barcodes (Appendix 1) or in the advanced search,
by typing “Rauwolf” in the “Collector” tab.

■ RESULTS AND DISCUSSION

Appendix 1 presents the complete species list of Rau-
wolf ’s early book herbaria (Fig. 1) along with all transcribed

handwritten texts next to the specimens and in the books’ in-
dices. In total, the three herbaria contain 699 specimens,
which belong to 657 taxa (species and subspecies). Of these,
424 taxa (444 specimens) were collected in France
(206 taxa/218 specimens in the first volume and 218 taxa/226
specimens in the second), and 236 taxa (255 specimens) were
collected in Italy (third volume). Originally, the second her-
barium would have contained 228 specimens had two folios
not been cut out. These carried two specimens named “Anti-
rhinum Fuchs.” (fol. 180) and “Ranunculus marinus” (fol.
224) as we read in the book’s index. Rauwolf collected some
taxa more than once, sometimes in both France and Italy, with
totally 30 taxa (62 specimens) represented by two or rarely
three specimens in the same or different volumes.

The majority of specimens belong to seed plants, with
only 14 specimens belonging to other plant groups, namely
two algae (Acetabularia acetabulum (L.) P.C.Silva and
Sphaerococcus sp., both collected in France), two bryophytes
(Conocephalum conicum (L.) Dumort. collected in France,
and Polytrichum cf. commune Hedw. collected in Italy), and
ten ferns and fern allies. The most abundant families in the

Fig. 1. Cover (A) and specimens (B; Ornithogalum narbonense L., Iris
foetidissima L.) from Rauwolf’s second herbarium (France, 1560–
1562, depicted specimens: fol. 40–41). All three herbaria have similar
physical appearance, with leather binding, gold embossed details on
the cover and green stripes framing the specimens.
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three herbaria are Asteraceae (81 specimens), Fabaceae (59),
Lamiaceae (42), Brassicaceae (39), Ranunculaceae (37),
Apiaceae (35) and Rosaceae (21), all of which are
species-rich families in the Mediterranean region. Some
genera seem to have particularly attracted Rauwolf ’s atten-
tion, namely Euphorbia, Ranunculus (each represented
by 11 taxa), Lathyrus (8), Teucrium (8), Centaurea (7),
Achillea (6) and Saxifraga (6). Most of the taxa included
in the three herbaria have a Mediterranean distribution
(274, 42%), of which 52 (19%) are particularly confined
to the West Mediterranean, for example Astragalus
tragacantha L., Campanula medium L., Cneorum tricoccon L.,
Coris monspeliensis L., Cyclamen balearicum Willk.,
Lithodora fruticosa (L.) Griseb. and Phlomis lychnitis L.
We also find some (currently) rare taxa among the herbar-
ium sheets, such as Corispermum gallicum Iljin, an en-
demic of southern France, and Phyteuma michelii All.,
Saxifraga cuneifolia L. and Onosma fastigiata (Braun-
Blanq.) Lacaita, whose total range extends from SSE
France to NNW Italy.

Rauwolf ’s herbaria from France and Italy provide invalu-
able insights into the history of Renaissance botany, finely

representing certain botanical trends that arose in the 16th cen-
tury. Examples of these trends are discussed below.

Scientific diligence and signs of order. — Several spec-
imens demonstrate Rauwolf ’s meticulousness in press-drying
herbarium specimens, a skill that he mastered in his fourth
herbarium, from the Middle East, where each specimen is
beautifully laid out as a piece of art (Ghorbani & al., 2018).
Examples of skillfully pressed specimens from Rauwolf ’s
early herbaria examined here are Ecballium elaterium (L.)
A.Rich., pressed with the juicy fruit (vol. 1, fol. 145), the suc-
culentOpuntia ficus-indica (L.)Mill. (vol. 1, fol. 26) (Stefanaki
& al., 2021), Posidonia oceanica (L.) Delile (vol. 1, fol. 198),
with a large part of the vertical rhizome preserved (Fig. 2),
and Pancratium maritimum L., with the fruits added next to
the main specimen (vol. 2, fol. 44; Fig. 3). Rauwolf did not
know the identity of this impressive flower of the Mediterra-
nean coast, but Fuchs suggested the name “Hemerocallis”,
which Rauwolf adopted in the herbarium index. Later, during
his travel in the Orient, Rauwolf wrote that the Greeks used
the name “Hemerocallis” for P. maritimum (Dannenfeldt,
1968), an information that might originate from Rauwolf’s en-
counter with his old teacher in Tübingen. Other specimens

Fig. 2. Posidonia oceanica (L.) Delile, France, 1560–1562, herb. Rau-
wolf, vol. 1, fol. 198.

Fig. 3. Pancratium maritimum L. France, 1560–1562, herb. Rauwolf,
vol. 2, fol. 44.
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demonstrate Rauwolf’s care for including taxonomically im-
portant characters, for example an extra piece with fruits added
next to the specimen ofMedicago marina L. (vol. 1, fol. 63), or
the presence of a female and a male individual of the dioecious
Mercurialis annua L. (vol. 2, fol. 125–126).

Herbaria in the 16th century did not yet have a clear orga-
nization in the order of specimens. An option was to arrange
specimens in alphabetical order, followed for example by
Ulisse Aldrovandi (1522–1605) in his early herbarium vol-
umes (Soldano, 2000–2005). Sometimes plants were grouped
together because of shared medicinal properties or habitat
(Stefanaki & al., 2018, 2019). Another approach followed
by Andrea Cesalpino (1519–1603) was arranging the speci-
mens based on their habit (Caruel, 1858). A phylogenetic or-
der in the modern sense was not yet present, nevertheless
specimens belonging to the same genus or family were some-
times grouped together (Stefanaki & al., 2018, 2019).

Examples of groupings based on family and genus we
also find in Rauwolf ’s herbaria. For instance, in the second
herbarium, several orchids are grouped together (fol. 46–48),
some of which are even pasted on a single herbarium sheet.
Another example is the first six specimens of the third herbar-
ium, which all belong to the Lamiaceae family, five of which
to the genusOriganum. The first is Pseudodictamnus mediter-
raneus Salmaki & Siadati, an East Mediterranean species at
that time often confused with Origanum dictamnus L., which
Rauwolf placed right after to distinguish the true dittany of
Crete (“Dictamnus Creticus”; “Veris Dictamnus”). Rauwolf
apparently collected all these six species in gardens as none
of them is native in Italy.

The most interesting form of organization that we find in
Rauwolf’s early herbaria is the grouping of species based on
their habitat. It is possible that these groupings are not inten-
tional but the result of collecting sequence, for example, if
Rauwolf collected them in the same area. Another possibility
is that he collected them in different locations and later
grouped the specimens together. The latter option of subse-
quent rearrangements does not seem unlikely, as we know that
Rauwolf kept his herbaria in loose folios at least until 1577,
and he mentioned himself that he was still rearranging the
specimens of the fourth volume more than a year after his re-
turn from the Orient (Stefanaki & al., 2021; Walter & al.,
2021). An example of habitat grouping from his early herbaria
is that of coastal plants. Rauwolf must have been fascinated by
the Mediterranean coastal flora in southern France, as he in-
tensively herborized at the coastal zone. Most coastal species
are contained in the first herbarium (23 of a total of 34 coastal
species present in the three herbaria), examples beingCalyste-
gia soldanella (L.) Roem. & Schult., Achillea maritima
(L.) Ehrend. & Y.P.Guo, Medicago marina, Euphorbia
paralias L., Anthemis maritima L., Polygonum maritimum
L., Salicornia fruticosa (L.) L. and Cyperus capitatus Vand.
Many are even mounted on subsequent folios in this volume,
namely 15 out of 26 subsequent specimens on folios 79 to
104 (Appendix 1). Even three marine species are present
there, namely Posidonia oceanica, the iconic seagrass of

the Mediterranean Sea, and two algae, namely Acetabularia
acetabulum (L.) P.C.Silva, a green algae of subtropical waters
that is often encountered in the Mediterranean, and Sphaero-
coccus sp. Rauwolf likely collected these species in the sur-
roundings of Sète, a port town about 30 km from Montpel-
lier (J.-F. Terral, pers. comm.). This town sits on Mont Saint
Clair or – as it was historically known – Mount Ceti (J.-F.
Terral, pers. comm.), which Rauwolf names in the title pages
of the French herbaria as one of his favorite collection sites.

Alpine species have also attracted Rauwolf ’s attention,
with a remarkable amount of 148 taxa (23%), most of which
are concentrated in the third volume. Several specimens are
grouped together in this volume, e.g., the famous edelweiss,
Leontopodium nivale subsp. alpinum (Cass.) Greuter is
mounted together with another three alpine species on folio
115 (Fig. 4). These are followed on the next herbarium folios

Fig. 4.Rauwolf was particularly attracted by alpine species. Here clock-
wise from top left: Leontopodium nivale subsp. alpinum (Cass.) Greu-
ter, Homogyne alpina (L.) Cass., Ranunculus pygmaeus Wahlenb.
and R. alpestris L. (Italy, 1563, herb. Rauwolf, vol. 3, fol. 115). These
specimens also caught the attention of Leonhart Fuchs, who ordered
his illustrator to draw them for his forthcoming herbal by writing next
to the specimens “[geri?]ssen” and “Sollen gerissen werden zu samme
wie da”.
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by more alpine plants, such as Primula hirsuta All.,
P. farinosa L., Soldanella alpina L. and Saxifraga oppo-
sitifolia L. (Appendix 1). For Clematis alpina (L.) Mill., Rau-
wolf even specified that he collected it on Monte Baldo
(“Atragoin de monte Baldo”, vol. 3, fol. 126), but most of
the rest probably come from the St. Gotthard Massif in the
Swiss Alps, which Rauwolf crossed on his way back home
from Italy to Germany. Among the many mountain plants in
the third herbarium, several belong to narrowly distributed
taxa, confined to the Alps, or extending also to neighbouring
mountains, such as Onosma helvetica (A.DC.) Boiss., Helle-
borus niger L., Primula hirsuta and Pulsatilla alpina subsp.
apiifolia (Scop.) Nyman. Other mountainous taxa have a more
widespread distribution in subalpine and alpine zones of Eur-
asia or the Northern Hemisphere, for example Androsace
villosa L., Dryas octopetala L. and Silene acaulis (L.) Jacq.

Another interesting grouping is formed by specimens in
folios 151 to 195 of the first herbarium, most of which
(38 of 44 subsequent specimens) belong to typical wood-
and scrubland species. Examples areMyrtus communis L.,Ci-
stus spp., Coriaria myrtifolia L., Phillyrea angustifolia L.,
Rhamnus alaternus L., Cornus mas L., Sorbus aucuparia L.
and Acer monspessulanum L. (Appendix 1).

Finally, an interesting case of an “ecological” group-
ing – although probably not consciously intended as such –
is that of Thymus vulgaris L. and its parasite Cuscuta epithy-
mum (L.) L. (vol. 2, fol. 129–130).

Moving from ancient to contemporary knowledge. —
Rauwolf not only vigorously collected a wide range of inter-
esting plant species, but he also meticulously read the impor-
tant authors of his time. This was an emerging trend in the 16th
century. For a long time, scholars remained faithful to the clas-
sical Greek and Roman authors, such as Theophrastus,
Dioscorides and Pliny the Elder (Cristofolini, 2024). This tra-
dition is reflected also in many of the oldest surviving herbaria
compiled before Rauwolf ’s time, for example the Anonimo
Toscano Herbarium (former Merini) from 1544–c.1555
(Chiovenda, 1927; Baldini & al., 2022) and the herbaria
of Francesco Petrollini from c.1550–1553 and c. 1558
(Penzig, 1905; Stefanaki & al., 2019; Baldini & al., 2022).
Later 16th-century herbaria came to embrace also a variety
of contemporary botanical authors (Cristofolini, 2024), as is
the case also for Rauwolf ’s herbaria. Rauwolf (and his friend
Bauhin, whowrote the names of most plants in the French her-
baria) mostly refers to contemporary authors (113 mentions in
total; suppl. Table S1) in the plant names rather than classical
ones (28) (suppl. Table S2). In the French volumes, Fuchs and
Matthioli are by far the most frequently referenced authors,
while ancient authors such as Dioscorides, Theophrastus and
Pliny are only occasionally mentioned. In Italy, Rauwolf relied
on the local masters to identify the plants he collected, again
primarily on his contemporary Matthioli and, less so, on Pliny
(suppl. Tables S1, S2).

Rauwolf and Bauhin were not only interested in the schol-
arly botanical knowledge of their time, but also in the plant
names that the local people used. For example, Bauhin wrote

that Ephedra distachya L. is “called by the peasants sea berry
because the fruits look like that of mulberry” (“Rubus marinus
a rusticis vocatur dulcis [e]n[im] fructus fer[e] similis moris”,
vol. 2, fol. 75). He also noted the local names of plants used in
Montpellier, for example “Scammonium” for Cynanchum
acutum L. (“Scammonium Monspelii”, vol. 1, fol. 57) and
“Polemonium” forChrysojasminum fruticans (L.) Banfi (“Po-
lemonium vocant Monspelii”, vol. 2, fol. 88). Bauhin referred
a few times also to their French teacher, Guillaume Rondelet,
mentioning, for example, that Juniperus oxycedrus L. was
Rondelet’s “Cedritis” (“Cedritis Rondeletio”, vol. 1, fol.
175), while Lithodora fruticosa (L.) Griseb. was called “Ron-
delet’s Lybanotis by some” (“Lybanotis Rondeletii quibus-
dam”, vol. 1, fol. 186). In the Italian herbarium, Rauwolf
referred to the local name for Lathyrus vernus (L.) Bernh.,
which he apparently collected in a woodland near Bologna,
adding also its German name: “Astragalus. Called Orobus in
Bologna. Small forest violet” (“Astragalus. Orobus Bononiae
vocatur. Waldt violhen”, vol. 3, fol. 68). Besides this species,
there are a few more plants for which German names were
written by Bauhin or Rauwolf, in Gothic handwriting style,
for example “Katz müntz” for Nepeta cataria L. (vol. 1, fol.
107), or “Lörchenblum” for Primula farinosa L. (vol. 3,
fol. 116).

Exotic curiosities and aliens. — Sixteenth-century bota-
nists were the first in history to realize that not all plants had
been described by the ancient Greeks and Romans but more
plants were yet to be discovered. This was a gradual process,
and the contact of Europeans with America and its different
flora helped to shape this idea (Savoia, 1996). A total of
41 (6%) exotic species is present in Rauwolf’s early herbaria,
most of which (26; 63%) are in the third, Italian volume. Rau-
wolf apparently collected the latter in northern Italian gardens
which were famous at the time for their exotic gems. About half
of the non-native taxa (21) have an Asian origin, 9 come from
America, and 3 from Africa. Some of these are species that
are widely cultivated today, such as the tomato (Solanum
lycopersicum L.), watermelon (Citrullus lanatus L.), bottle
gourd (Lagenaria siceraria (Molina) Standl.), courgette
(Cucurbita pepo L.), aubergine (Solanum melongena L.), com-
mon bean (Phaseolus vulgaris L.; Fig. 5), hot pepper (Cap-
sicum annuum L.), prickly pear (Opuntia ficus-indica L.), buck-
wheat (Fagopyrum esculentum Moench), chickpea (Cicer
arietinum L.), date palm (Phoenix dactylifera L.; Fig. 6) and
opium poppy (Papaver somniferum L., two fringed specimens;
Fig. 7). Other exotic species used to be cultivated on a larger
scale in the past compared to present, for example the Aztec to-
bacco (Nicotiana rustica L.; Stefanaki & al., 2021), Cretan dit-
tany (Origanum dictamnus) and chervil (Anthriscus cerefolium
(L.) Hoffm.) (Pignatti, 1982). Another interesting case is yellow
jasmine (Chrysojasminum odoratissimum (L.) Banfi), a species
from Madeira and the Canary Islands cultivated in SE France
to extract perfume from its flowers (Franco & Rocha
Afonso, 1972).

Another noteworthy exotic specimen is that of a young
palm leaf (Phoenix dactylifera) collected in France (vol. 1,
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fol. 204; Fig. 6). The provenance of this specimen is puzzling
as the date palm would have great difficulty acclimatizing to
the winter Languedoc conditions. But assuming the most
likely route that Rauwolf would have followed to move from
France to Italy to avoid the very high mountains, an interesting
hypothesis for the specimen’s provenance comes up. Although
it was previously thought that Rauwolf crossed the Alps when
moving from France to Italy (Stefanaki & al., 2021), it seems
more probable that he travelled along the Mediterranean coast
via Nice, which is not very far from the historic Bordighera
palm grove, which could be the source of Rauwolf’s specimen
(J.-F. Terral, pers. comm.). Bordighera appears to have been
established in the Middle Ages and several Phoenix species,
including P. dactylifera, were introduced and seem to have be-
come naturalized there, hosting till today the most septentrio-
nal stands of the date palm (Carassale & al., 2013; J.-F. Terral,
pers. comm.).

Besides these exotic curiosities, Rauwolf ’s herbaria also
provide insights into the history of invasive species. Besides
Opuntia ficus-indica, which is extensively discussed by Stefa-
naki & al. (2021), another example is Datura cf. wrightii

Regel (vol. 3, fol. 157; Fig. 8). This species, originally coming
from North America, was often confused with D. innoxia
Mill. and was discovered in southern Europe only relatively
recently (Verloove, 2008; Verloove & al., 2010). Apparently,
however, it has been present in the region for a longer time,
but was simply overlooked; older herbarium specimens that
were assumed to be D. innoxia turned out to be D. wrightii
after revision (Verloove, 2008). The presence of very short
hairs on the stem suggests that the Rauwolf specimen belongs
to D. wrightii, but due to the state of the specimen, the identi-
fication is not fully certain (F. Verloove, pers. comm.). Never-
theless, the presumable presence of D. wrightii in northern
Italy as early as 1563 gives valuable insights on when this spe-
cies might have been introduced from America to Europe.

Another interesting case from France is Oxalis
corniculata L. (vol. 2, fol. 89), the native range of which has
long been controversial. Although often regarded as native
to Europe, where it was first described, recent historical and
archaeobotanical findings suggest that it originated in SEAsia
(Groom& al., 2019).William Turner (1508–1568) was appar-
ently the first to document O. corniculata in Europe,

Fig. 6. Phoenix dactylifera L. (France, 1560–1562, herb. Rauwolf,
vol. 1, fol. 204). The identity of this plant was unknown to Rauwolf,
but when presenting the specimen to Fuchs, his old teacher recognized
the plant, writing “Palmae folia” on the herbarium sheet.

Fig. 5. Phaseolus vulgaris L. (Italy, 1563, herb. Rauwolf, vol. 3, fol.
156), a Central American species, whose provenance was apparently
unclear to Rauwolf as he named it “Turkish bean” (“Phaseolus
Turcicus”).
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specifically in Italy (Groom & al., 2019). The earliest
European records are found in the herbarium of Aldrovandi,
with the earliest specimen dating back to 1554–1560
(Soldano, 2000–2005; Groom & al., 2019). A second speci-
men dated 1560–1580 was sent to Aldrovandi by Jean de
Brancion from Mechelen in Flanders (Soldano, 2000–2005).
Rauwolf ’s specimen from 1560–1562 proves the occurrence
of this invasive species also in France in this early period.

All known plants. — As knowledge on plants and their
vast diversity was growing, 16th-century botanists attempted
to document all known plants beyond merely the medicinal
ones as was the common practice until the Middle Ages
(Collins, 2000; Egmond, 2016; Offerhaus & al., 2023). Some
botanists tried to approach this completeness by amassing
large herbarium collections. The herbaria of Ulisse Aldro-
vandi and Caspar Bauhin (1560–1624) are outstanding
examples with about 4000 specimens each at their original
state (Soldano 2000–2005; Stöcklin & De Vos, 2023; Walter,
2025). Reaching almost 900 specimens in total, Rauwolf’s
herbarium collection is of no less value. It contains many
species, both native and exotic, that are rare in or entirely

absent from other contemporary collections. For example,
species, such as Corispermum gallicum, Phlomis lychnitis,
Genista scorpius (L.) DC., Sisymbrella aspera (L.) Spach.,
Astragalus tragacantha, Onosma fastigiata, and Phyteuma
michelii are not found in any other 16th-century herbarium.

Other botanists tried to record all known plants by pub-
lishing impressively large books. These were sometimes life-
long endeavors, often so challenging to complete that the
author would die before the work went to press. Two such bot-
anists are related to Rauwolf ’s herbaria, and by studying the
transcribed handwritten texts next to the specimens we could
witness their working mode and interactions; the “finger-
prints” left by different hands on Rauwolf ’s early herbaria pro-
vide unique insights into early modern botanical networks and
scholarly exchange.

One of the botanists involved in Rauwolf ’s early herbaria
was his classmate and field companion in France, Johann
Bauhin, whose Historia plantarum universalis was posthu-
mously published by his son-in-law Johann Heinrich Cherler
more than 30 years after Bauhin’s death (Bauhin &
Cherler, 1650–1651). Bauhin’s keen eye for detail, explicitly

Fig. 7. Fringed cultivar of Papaver somniferum L. (Italy, 1563, herb.
Rauwolf, vol. 3, fol. 74). A second, red-fringed specimen is also present
in the herbarium.

Fig. 8. Datura cf. wrightii Regel (Italy, 1563, herb. Rauwolf, vol. 3, fol.
157), a North American species, whose occurrence in Europe has long
been overlooked. The incorrect name Datura stramonium written with
pencil below the specimen belongs to an unknown (recent?) hand.
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evident in his long plant texts in the Historia, can already be
traced in the detailed observations he wrote in Rauwolf’s
French herbarium volumes. This is rather exceptional consider-
ing that written texts in 16th-century herbaria typically only
contain plant names. But Bauhin not only wrote most of the
plant names in Rauwolf’s two French herbaria, he also com-
mented on properties of the plants, which is a rather unusual
feature for 16th-century herbaria. For example, he remarked
on the taste and scent of certain plants, such as Lobularia mari-
tima (L.) Desv. (vol. 2, fol. 3), which “might be the marine wa-
tercress […] for it has the same bitterness”, adding that the
“flowers [are] fragrant” (“Nasturtium marinum posset Vecaris,
habet enim eundem supe[r] acrimoniam. Flores odorates”).
Regarding Bituminaria bituminosa (L.) C.H.Stirt. (vol. 1, fol.
128) he commented that it is “stinking like asphalt” (“asphalt-
ites foetidum”). Bauhin also made observations on the mor-
phology, habitat and dispersal mode of plants. For example,
for Cneorum tricoccon (vol. 1, fol. 72) he commented on the
similarity of the capsules to those ofEuphorbiamentioning that
“the seeds [are] arranged in the sameway as in the third spurge”
(“Semina eo ordine disposita quo tithymalorum terna”). For
Nepeta cataria (vol. 1, fol. 107) he noted that it grows in fields
(“in arvis nasc[ens]”), and for Euphorbia peplis L. (vol. 1, fol.
79) that “the seeds are hidden under the leaves, similar to those
of spurge, and spread themselves over the ground” (“Semina
sub foliis latitant, similia seminibus tithimalorum, spargit se
per terram”). Interestingly, Bauhin also remarked on the para-
sitism of Cuscuta epithymum on Thymus vulgaris, writing that
“There is so much cuscuta around the thyme” (“Est tantum
cuscuta ambiens thymum”; vol. 2, fol. 129).

Another botanist related to Rauwolf ’s early herbaria who
attempted to compile the growing botanical knowledge of
the 16th century into a book was Leonhart Fuchs, whose De
historia stirpium commentarii insignes from 1542 was a land-
mark in botanical history granting him the title of “one of the
fathers of botany” (Walter, 2023). After the book’s success,
Fuchs started to work on an amended edition, which remained
uncompleted due to his death in 1566 and was only (partly)
published in 2001 (Baumann & al., 2001). To include illustra-
tions of as many species as possible in this new edition (1500
illustrations of Fuchs’ unfinished Historia are preserved in
the Österreichische Nationalbibliothek in Vienna), Fuchs ac-
quired material from many people, including 60 specimens
from Rauwolf’s early book herbaria, 47 from the French vol-
umes and 13 from the Italian volume. Fuchs indicated this by
writing the phrase: “Soll gerissen werden” (“Should be drawn”)
next to the specimens referring to illustrator Jerg Ziegler
(Ganzinger, 1963; Stefanaki & al., 2021). One specimen from
the Italian volume (Valeriana montana L., vol. 3, fol. 166)
carries a note by Rauwolf that it was commissioned to be drawn
by Fuchs (“Fuchs[ius] depingi curavit”), although Fuchs did
not indicate this himself. Perhaps not surprisingly, most of the
species that attracted Fuchs’ attention (38 out of 60) belong to
typical Mediterranean species. Fuchs himself had never been
to the Mediterranean, so Rauwolf’s freshly collected specimens
were a valuable addition for his upcoming herbal.

■ CONCLUSION

The herbaria of Leonhard Rauwolf form one of the most
fascinating historic plant collections that have survived to this
day. Besides their intriguing history, changing hands between
royals, war troops, and scholars, and although less luxurious
than Rauwolf ’s masterpiece herbarium from the Middle East,
his early herbaria are a work of scientific diligence and a un-
ique record of the historic flora of France and Italy. They ex-
hibit Rauwolf ’s master skills in the preparation of herbarium
specimens, and his keen interest in Mediterranean, alpine
and exotic plants. Unlike most historic herbaria which were
typically a one man’s work, Rauwolf’s early book herbaria
show his interactions with important botanists of the time.
This is evident in the handwritten texts in the herbarium vol-
umes, which provide valuable insights on the working mode
and networking of botanists of the time. All in all, Rauwolf’s
early book herbaria are a unique representation of the 16th-
century scholarly wave that led to the emergence of botany
as a distinct scientific discipline. By unlocking the botanical
contents of this precious historical collection, our work pro-
vides a baseline for future research in various directions, for
example elucidating nomenclatural issues, exploring histori-
cal biogeographical patterns and history of plant invasions,
and tracking local floristic changes over time.
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