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Abstract: In central Italy, the Charterhouse of Calci hosts the Natural History Museum of the
University of Pisa. This monumental monastery was founded in 1366 by Carthusian monks. The
Charterhouse has experienced various transformations over the centuries, until its abandonment in
the 1970s. Since 2018, interdisciplinary archaeological research focused on the monks’ gardens (and
particularly: the Prior’s, the Apothecary’s, and the Master’s garden) and the green spaces outside
the cloister walls, consisting of courtyards and orchards, to determine the individual (gardens) and
collective (green spaces and surrounding woods) practices adopted by Carthusians. Palynology
and archaeobotany have allowed to reconstruct the plant biodiversity, with flowers and ornamental,
aromatic, and medicinal herbs that grew in the gardens, as well as the management of local hilly
woods and agricultural practices, including the cultivation of fruit trees, such as chestnut, olive tree,
almond tree, and grapevine. Our research has been based on a solid theoretical approach, interpreting
archaeological and archaeobotanical data in relation to the intricate network of human and non-
human connections. Gardens are seen as a co-creation made together by human and non-human
agencies, and their diachronic transformation is read as an expression of personalities of the monks,
feelings, and connections with nature and divinity.

Keywords: pollen; charcoal; seeds; biodiversity; archaeological site; Medieval Age; landscape
reconstruction; garden archaeology; monastery

1. Introduction

The Carthusian Order was part of the reform movement of the Catholic Church in
the 11th-century, which involved the combination of manual labour with solitude and
contemplation. The order was established by Bruno of Cologne in 1084. The first Carthusian
monastery was founded in a mountain place called Chartreuse near Grenoble (France),
from which the entire order derived its name [1,2].

In May 1366, the foundation of the Charterhouse of Calci was authorised by the
Archbishop of Pisa in the so-called Vallis Gratiosa, a secluded place near Pisa (central Italy)
to promote the isolation according to the Rule of the Order. By the end of the 14th century,
the first nucleus had been completed, but its construction continued for a long time. In
the second half of the 15th century, the monastery was expanded by building new monks’
cells and green spaces for gardens. Between the 17th and 18th centuries a major renovation
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led to its current version. In the 20th century, the Charterhouse experienced different
circumstances. It was partially converted into a military hospital and barracks during
World War L. After the monastic community closed in 1969, the monks left the Monastery
permanently in 1972. The Italian Ministry of Cultural Heritage assumed its management
directly, instituting the National Museum of the Monumental Charterhouse of Calci. Finally,
in 1979, the architectural complex was partially entrusted to the University of Pisa and to
the Museum of Natural History.

Charterhouses were intertwined in a complex network of relationships between peo-
ple, plants, and the environment. Gardens had an important role in the hermitic life of
the monks, and represented individual feelings and their relationships with nature and
divinity. Moreover, the agricultural practices carried out by lay brothers inside the Char-
terhouse, which included the cultivation of fruit trees, grapevines, and crops, as well as
the management of surrounding lands and woods, were of primary importance for the
economic and religious system of Chartusians.

The present work stems from the archaeological research programme performed in
the Charterhouse of Calci since 2018. The research project can be ascribed to Garden
Archaeology and has been carried out with the main aim of understanding the garden
practices and horticulture over the centuries of occupation. The study includes pollen,
anthracological, and carpological analyses. The study of animal bones completed the
bioarchaeological analyses [3,4]. The archaeological investigation has focused on the
architectural transformations of the gardens of the Father Prior’s, the Father Apothecary’s,
and the Father Master’s cells, and the green spaces outside the cloister walls, consisting
of courtyards and orchards (Figure 1). Special attention has been given to biological
disturbances caused, e.g., by roots, animals, and microorganisms, pedological variations
and horticultural activities to obtain a detailed picture of planting/explanting, fertilisation,
and other cultivation practices.

Figure 1. Location map of the Charterhouse of Calci, near Pisa in Tuscany-central Italy and planimetry
of the Charterhouse, with excavation areas marked by red dots (Fathers’ gardens: PG = Father Prior’s
Garden, AG = Father Apothecary’s Garden, and MG = Father Master’s Garden; outside sectors:
OPM = Pisan Mountains courtyard, ONO = Northern Orchard, and OEG = Eastern vegetable Garden).
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In this framework, pollen and plant macroremains have been studied to determine
which ornamental species were planted in the gardens at different periods of their oc-
cupation and their relationships with the local environment. Previous studies of pollen
from gardens have revealed the great potentiality of this approach to reconstruct details of
horticultural selection during Roman times (Villa Arianna-Stabiae in Italy and gardens of
Herod the Great-Judea in Israel [5]; Casa dei Casti Amanti-Pompeii [6]) or in Medieval and
Renaissance times (Giardino delle Duchesse-Ferrara [7,8]). The data obtained from samples
taken in different sectors, inside and outside the Charterhouse of Calci, provided informa-
tion on the specific biodiversity of the different types of gardens and the environmental
context closest to the Charterhouse building during the last six centuries.

2. Materials and Methods

The archaeological excavations have been carried out inside and outside the cloister
wall of the Charterhouse. Six areas were excavated in three Fathers’ gardens: (i) two areas in
the Father Prior’s Garden (PG), a larger one on the lower terrace and a more limited one on
the upper terrace, (ii) one area in the Father Apothecary’s Garden (AG), and (iii) three areas
in the Father Master’s Garden (MG). Three areas were investigated in the spaces outside
(O) the cloister area: one in the so-called Pisan Mountains courtyard (OPM), a small garden
amid the buildings belonging to the late 18th-century renovation of the Charterhouse, one
in the Northern Orchard (ONO), and one in the Eastern vegetable Garden (OEG). The
excavation in the OPM was carried out on a square portion of 5.50 m? within one of the
four flowerbeds of the courtyard. The ONO and OEG areas have been investigated through
two small archaeological areas of 4 m? each.

A structure-from-Motion (SfM)-based field documentation workflow was applied
to produce a high-resolution 3D spatial reconstruction of the archaeological stratigraphy
(Figure 2).

Figure 2. Sfm-based 3D model of the octagonal fountain and eastern basin in the Father Prior’s
Garden (PG). Redrawn from [4].
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SfM is a photogrammetric technique for producing three-dimensional data from two-
dimensional photos, increasingly adopted in archaeology for digitising surfaces, landscapes,
and objects (see, for example, [9]).

No radiocarbon dating has been performed. All the datings come from the analysis of
archaeological finds and archaeological stratigraphy.

2.1. Pollen Analysis

Samples from selected Stratigraphic Units (SU) were chosen for pollen analysis and
a total of 28 samples were studied: 4 samples from the PG (CerC1-CerC4), 3 from AG
(CerC5-CerC?), 5 from MG (CerC8-CerC12), 7 from the OPM courtyard (CerC13-CerC19), 6
from the ONO orchard (CerC20-CerC25), and 3 from the OEG outside area (CerC26-Cer(C28)
(Table 1).

Table 1. List of samples per context.

Archaeological Pollen Charcoals Seeds/Fruits
Context Number/Label SuU SuU SuU
PG 4/CerC1-C4 67,74,212,215 16,17, 21, 3;’1‘?’252)3’ 67,74, 212, 16,17,38
AG 3/CerC5-C7 307,311, 321 306, 307, 311, 313, 317, 320, 321,329 306, 307, 311, 329
MG 5/CerC8-C12 416, 412, 404, 502, 603 403, 404, 502, 504, 509, 603, 620 403, 412, 502
OPM 7/CerC13-C19 719,774,798, 909, 911, 917, 918 909, 917, 918
ONO 6/CerC20-C26 809, 811, 818, 822, 824, 826 822, 824, 826
OEG 3/CerC26-C29 1004, 1005, 1006

After weighing the sample, a known quantity of spores (Lycopodium) was added
to each sample; this is useful to calculate pollen concentration (as p/g = pollen grains
per gram). The extraction method involved: deflocculation with tetrasodium pyrophos-
phate decahydrate, sieving with a nylon filter, dissolution of the carbonates with 10%
hydrochloric acid, dehydration in acetic acid and acetolysis, enrichment with heavy liquid
(Na-metatungstate hydrate), dissolution of the silicates in 40% hydrofluoric acid, passages
in alcohol, inclusion in glycerine, and drying in an oven at about 50 °C. After treatment,
fixed slides were set up, and stored in the Reference Pollen Collection of the University
of Modena’s Laboratory, for reading under a transmitted light optical microscope. Pollen
analyses were made at magnifications of 400x and 1000x under oil immersion. Pollen
identification was conducted using dichotomous keys, photographic atlases, and the labo-
ratory’s pollen comparison collection. Undetermined pollen was counted in the pollen sum.
Non-Pollen Palynomorphs (NPPs) were detected according to van Geel’s methodology [10].
Both mono- and polyspecific pollen clumps are linked to the presence of flowers in situ,
i.e., spontaneous growth or deliberate cultivation/deposition of plants, insect activity or
the presence of arthropod or herbivore droppings in the layer.

The pollen diagram was drawn with Tilia 3.0.1 [11] and shows histograms testifying
that samples have been horizontally collected in the different contexts. Pollen data from
the entire dataset (CerC1-CerC28) were sorted by Principal Component Analysis (PCA)
using XLSTAT software to obtain data on dissimilarities between the contexts in terms of
plant composition and biodiversity. PCA elaborations were carried out considering both
the complete list of pollen taxa and the sums of broader taxonomic categories (i.e., Family).
Based on the very similar results obtained in the different applications, the synthetic version
was chosen because it is better from a graphical point of view.

2.2. Plant Macroremains

The analyses of the charcoals and seeds/fruits were carried out on 11 SU from the
PG, 8 from the AG, and 8 from the MG contexts (Table 1). Each sample was obtained by
water sieving and sifting with a mesh size greater than 1 mm, with a sampling rate varying
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between 10 and 25% for the largest SU and the total amount of sediment for those of limited
ones (e.g., ash lenses and pit fills).

The anthracological analysis on charcoal fragments larger than 2 mm was performed
under a reflected light optical microscope, at a magnification of 100x, 200x, and 500x.
Identification was made with reference to wood anatomy atlases [12-14]. Charcoal frag-
ments were classified at species or genus level, or with the taxonomic nomenclature used in
anthracology. Sometimes, poor preservation or vitrification of the remains resulted in the
identification of the family or non-identification at all. The charcoal fragments identified
for each taxon in each SU were quantified, calculating the percentage of each taxon, or the
taxa quantities grouped by chronological intervals.

Carpological analysis was conducted using a stereomicroscope at magnifications from
0.5x to 20x. The records were distinguished from the fragments, quantifying both groups,
and each category was classified by carpological type based on morphological characters.
For each type, taxonomic recognition at the level of species, genus, or taxon was carried
out under the light optical microscope [15].

3. Results

A synoptic description of the results obtained from the archaeological and archaeob-
otanical studies is reported below by considering (i) the Fathers’ gardens, located within
the cloister walls, and (ii) the green spaces, with different uses, located out of the cloister
walls. Firstly, the archaeobotanical data are described by reporting pollen, charcoal, and
seed/fruit evidence obtained by the samples collected from each context. Then, the statisti-
cal data elaboration (PCA) of pollen spectra allowed us to compare the different contexts
and highlight dissimilarities among them.

In general, 8675 pollen grains were counted, and a mean of about 47,000 p/g was found
on average in the samples. All over the spectra, the number of pollen taxa is 135 (39 taxa
of trees and shrubs and 96 of non-arboreal plants), ranging between 24 and 57 pollen taxa
per sample. Arboreal Pollen is almost 1/5 of the spectra (AP = 21% on average), while
Non-Arboreal Pollen is prevalent in all samples (NAP = 79%).

Among trees, pollen of Olea europaea (2.7% on average), deciduous Quercus (2.5%),
Pinus (1.4%), and Ulmus (1.1%) are prevalent, together with shrubs of Ericaceae (3.7%),
Cheno-Amaranthaceae (2%), and some herb plants belonging to Asteraceae (19.7%, preva-
lently Cichorieae), wild Poaceae (7.9%), Ranunculus acris type (5%), Apiaceae (4.4%, in-
cluding Apium), Cyperaceae (4.2%), Brassicaceae (3.5%), Plantago (3.3%), Urtica (3.2%),
Caryophyllaceae (2.6%), Fabaceae (2.4%), Rosaceae (2.3%, including Rosa), Anagallis (1.2%),
Saxifraga hirsuta type (1.2%), and Lamiaceae (1.1%). Cereals are present with Hordeum and
Avena [ Triticum groups and Panicum (up to 2.4% in CerC25). Of interest is the presence of
Castanea sativa, Corylus avellana, Vitis, and Cannabis (Figure 3).

Charcoal analysis counted 2559 charred wood remains. All over the spectra, the
number of determined taxa is 30, attributable to trees and shrubs (in particular, 12 deciduous
broadleaves, 8 evergreen sclerophyllous plants, 1 conifer, and 6 cultivated/cultivable
plants), ranging between 1 and 20 taxa per sample (Figure 4).

Charcoal of Pinus halepensis /pinaster (11.8% on average), Quercus cf. cerris (11.3%),
Castanea sativa (6.5%), deciduous Quercus (5.7%), Fraxinus cf. ornus (5.4%), Olea europaea
(3.9%), Quercus cf. ilex (2.9%), and Alnus (2.7%) are prevalent among trees. Erica (9%),
Rhamnus / Phillyrea (4.8%), Smilax (2.5%), and Arbutus unedo (1.9%) are the most recorded
shrubs. We also highlight the presence of Maloideae (5.6%).

Carpological analysis counted 32 charred seed/fruit remains (Table 2). The number of
taxa is 10, attributable to fruit trees (6 taxa and 21 individual remains), wild hygrophilous
trees (1 taxon and 5 remains), cereals (2 taxa and 4 remains), and pulses (1 taxon and
2 remains).
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Figure 3. Charterhouse of Calci: synthetic pollen diagram (selected taxa and sums) of the different
contexts (the chronology is shown in the last column of the pollen diagram: c. = century), from the
outside sectors (bottom; OPM = Pisan Mountains courtyard-light blue, ONO = Northern Orchard-
pink, and OEG = Eastern vegetable Garden-grey) to the Fathers’ gardens (top; PG = Father Prior’s
Garden-yellow, AG = Father Apothecary’s Garden-green, and MG = Father Master’s Garden-orange).
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Figure 4. Charterhouse of Calci: charcoal diagram of the different contexts (the chronology is shown in
the last column of the charcoal diagram: c. = century), from the outside sectors (bottom; OPM = Pisan
Mountains courtyard and ONO = Northern Orchard) to the Fathers” gardens (top; PG = Father Prior’s
Garden, AG = Father Apothecary’s Garden, and MG = Father Master’s Garden). Taxa are grouped
into coloured bars: deciduous broadleaves (green), evergreen sclerophyllous plants (red), conifers
(purple), cultivated plants (orange), deciduous/evergreen plants, indeterminate remains (black).
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Table 2. Charterhouse of Calci: list of determined seed /fruit individual remains.
Taxa Remains Centuries AD/Contexts Total
Sum
15th 17th 18th-19th end 19th 19th-20th 2nd half 20th end 20th
AG AG MG PG AG MG PG
Cereals
Triticum bread /macaroni carvopsis 5 5
aestivum /durum wheat yop
Triticum sp. Wheat caryopsis 2 2
Fruit trees
Corylus avellana common stone 1 3 4
hazel
Malus / Pyrus apple/pear seed 3 3
Olea europaea olive stone 1 1
Prunus avium sweet cherry stone 2 2
Prunus persica peach stone 1 1 1 3
Vitis vinifera grape vine pip 1 1 6 8
Wild/arable
legume
Vicia sp. Vetch seed 1 1 2
Wild
hygrophilous
trees
Alnus sp. Alder cone 5 5
Total sum 1 6 1 2 4 17 1 32

Among fruit trees, Vitis vinifera, Corylus avellana, Malus / Pyrus, and Prunus persica are
the most recorded, with genus Triticum (T. aestivum /durum) as cereal.

3.1. The Fathers’ Internal Gardens (PG, AG, MG)

The archaeological investigations inside the cloistered wall focused on the gardens
of the Father Prior’s, Father Apothecary’s, and Father Master’s cell [3,4]. The gardens
were addressed as highly human-made landscapes of limited extent. For this reason,
their transformations and relationships with the environment, plant communities, and
cultivation inside and outside the monastery were investigated.

3.1.1. Father Prior’s Garden—PG

4 pollen samples (CerC1-CerC4).
17th—second half 19th centuries.
Aquatics, vegetables, and wet lawn with some rocky and ornamental plants.

The garden of the Father Prior, organised in an upper and lower terrace, was created
at the end of the 14th century. Around the mid/second half of the 18th century, the area
was reorganised to realise a ‘meditation garden’ with flowerbeds and an octagonal fountain
flanked by two rectangular basins that converged scenically in the grotesque backdrop. In
the 19th century, the octagonal basin was converted into a stand-alone ornamental fountain
with a fake stony ‘island’ in the centre; above the demolished southern parapets of the side
basins, a new flowerbed was created with sandstone curbs along the southern boundary
wall. A more recent phase of use of the flowerbed is the intentional burial of a domestic cat
(Felis catus) in a wooden box. Afterwards, the flowerbed was sporadically used as a dump
site, and for only occasional horticultural purposes in the present time [3,4].

Pollen analysis revealed a large variety of plant species (41-48 pollen taxa per sample),
consisting mainly of herbaceous plants (min.88%-max.92%). In addition to the aquatics,
such as Nymphaea alba type (white water lily) and Nuphar (yellow pond lily) (present with
0.6% only in sample CerC3), which attest the ornamental function of the fountain system,
Cyperaceae (5.4% on average), Sparganium emersum type (European bur-reed) and Typha
latifolia type (common cattail) (together 0.6% on average) testify to wet grass cover both in
situ and, as suggested by Alnus (alder) (1.1% on average), in the area. Moreover, pollen of
cultivated vegetables, such as Allium (garlic), Daucus cf. carota (carrot), Mentha type (mint),
and Raphanus (horseradish), altogether totalling about 1.5% on average, was observed in
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the flowerbed of the upper terrace. In addition, the presence of pollen of the Hordeum and
Avena/ Triticum groups (about 1.4% on average) is evidence of some transport or cultivation
of cereals in the site. Evidence of ornamental plants was also detected, including different
genera of Rosaceae such as Rosa (rose), possibly grown planted as hedges. Moreover, there
are Aphanes/Alchemilla (parsley-piert/lady’s mantle), Filipendula (meadowsweet), Potentilla
(cinquefoils), in the flowerbeds. The garden plants were also represented by ‘pseudo-
climbing plants’, such as Solanum (nightshade). Other flowers probably were selected
for their different seasonal blooms, for example, Geranium (cranesbills), Papaver (poppy),
Adonis (pheasant’s eye summer), Anagallis (pimpernel), Oxalis (common yellow wood
sorrel), Polygala (milkworts) blooming in summer; Primula (primrose) and Liliaceae s.L.
blooming in spring; Helleborus (hellebores) during winter; Herniaria (ruptureworts), Sedum
(stonecrops), and Saxifraga (saxifrages), which include stonecrop and graceful flowering
evergreens. The small number of local trees might have included Acer campestre type (field
maples), which was explanted in the 19th century from the upper terrace, traces of Corylus
avellana (hazel), Juglans (walnut) and Vitis (grapevine), while Hedera helix (ivy) and other
evergreens, such as Erica (heather), probably covered the perimeter walls.

11 charcoal samples.

Second half 15th—end 20th centuries.

Mesophilous and thermophilous deciduous broadleaved, sclerophyllous evergreen and coniferous
trees and shrubs. Some cultivated fruit trees.

The anthracological study analysed 1017 charcoal remains, of which 944 were de-
termined in 25 taxa (Figure 4). Anthracological analysis revealed the prevalence of non-
cultivated plants (67.5% of determined charcoals) pertaining to woodlands and semi-
natural areas. Woodland is primarily attested by evergreen sclerophyllous taxa (22%) and
by mesophilous and thermophilous deciduous broadleaved trees (22.4%), followed by
conifer (16.4%). Among the cultivated taxa (32.5%), Castanea sativa (chestnut) predominates
(19.8%). Deciduous broadleaves are documented by arboreal species, such as Fraxinus cf.
ornus (manna ash), Fagus sylvatica (European beech), and Quercus cf. cerris (Turkey oak).
Evergreen sclerophyllous formations are mainly shrubs, such as Erica, Arbutus unedo (straw-
berry tree), Rhamnus / Phillyrea (buckthorns/phillyrea), Smilax (sarsaparilla), and trees such
as Quercus cf. ilex (holm oak). Including both deciduous and evergreen plants, Maloideae
(apple subfamily) is rather recorded. Pinus halepensis/pinaster (Aleppo/maritime pine) is
the only conifer tree. Lowland and riparian environments are poorly evidenced by Fraxinus
cf. angustifolia (southern ash) and Alnus. In addition to chestnut, species of agricultural
interest, Olea europaea (olive tree) is considerably documented, combined with Prunus cf.
dulcis (almond tree), Juglans regia, and Vitis vinifera.

3 seed/fruit samples.
End 19th—end 20th centuries.
Cultivated fruit trees.

The carpological analysis provided identification of cultivated fruit plants (3 taxa;
Table 2). A single endocarp of Corylus avellana and a pip of Vitis vinifera come from the late
19th-century stratigraphy and a stone of Prunus persica (peach) from the end of the 20th
century.

3.1.2. Father Apothecary’s Garden—AG

3 pollen samples (CerC5-CerC7).
Late 15th/early 16th—first half 20th centuries.
Medicinal and aromatic plants, ornamental shrubs and trees.

In the Apothecary’s Garden, the oldest traces of anthropic frequentation date back to
the 15th century, when layers of debris levelled the sloping natural surface, and agricultural
practices are attested. The garden was created in the 17th century and transformed between
the 17th and 18th centuries when it reached its present appearance, with sandstone curb
flowerbeds covered with a pergola that crossed the garden. Continuous gardening practices
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are evidenced till the 20th century when the garden was affected by mortar and charcoal
dumping and a naturally progressive growth deposit, followed by a layer originating from
the decomposition of the roots of the cypress tree still in situ [3,4].

The Apothecary’s Garden shows wide floristic diversity (from 42 to 57 pollen taxa per
sample), with 78-84% pollen from herbaceous plants and a significant occurence of woody
plants. Hazelnut, oak, and alder are represented in all samples, and pollen spectra include
Quercus (0ak) (ca. 4% on average), Juniperus/Cupressus (cypress), Fraxinus ornus, and Ulmus
(elms) (ca. 2% each). The presence of Syringa vulgaris (lilac) (1.1% on average), which is a
shrub widely appreciated for its fragrant flowers, is of particular interest. Among the other
ornamental and woody plants, Hedera helix (up to 3.0% in CerC6) and Erica are also well-
represented, together with Corylus avellana and Vitis (1% each). Interestingly, traces of the
pollen of inaperturate Vitis was detected (0.3% and 0.9% in samples CerC6-CerC7). Castanea
sativa is rare (3.9% only in sample CerC7) and its presence in the spectra could be due to the
transport of acid soils from a hilly/mountain environment rather than a local planting. Wet
plants are not highly represented in pollen spectra from this garden (3.6%), although Alnus,
Populus (poplar), Salix (willows), and hygrophilous herbs are evident. The relatively high
value of cereal pollen (1.4%) testifies to the use of straws in horticultural practices. High
values have been identified for medicinal-aromatic plants, such as Hypericum (St. John's
wort), Salvia (sage), Malva (common mallow), and Papaver include food and medicinal
plants and can be wild or cultivated. A very frequent find is Apium, which could be
identified as the cultivated species (A. graveolens) based on the high percentages found
(5.1%). Apium graveolens var. rapaceum (celeriac) is used for medicinal purposes, cooking,
and preparing infusions and it can easily be preserved up to 4-5 months. Peucedanum
(hog’s fennel) can also be used in the production of medicines and in the preparation of
liqueurs. Other herbaceous plants are also present, such as Valerianella (lamb’s lettuce), a
variety of salads, and Cirsium (bull thistle), sometimes used in cooking as an artichoke.

8 charcoal samples.

15th—-20th centuries.

Mesophilous and thermophilous deciduous broadleaved, evergreen sclerophyllous and coniferous
trees and shrubs.

The anthracological study involves 751 charcoals (among which 680 determined
records) belonging to 24 taxa (Figure 4). Many records belong to uncultivated plants
(20 taxa) and 95.3% are from woodlands and semi-natural areas. The woodland is mainly
testified by conifer (16.6%) and evergreen sclerophyllous formation (17.8%), and especially
by mesophilous and thermophilous deciduous broadleaved trees (47.2%). Among cul-
tivated taxa (4.7%), Olea europaea is the most frequent (3.5%). Trees, such as Fraxinus cf.
ornus, Quercus cf. cerris, Ulmus, and Ostrya carpinifolia (European hop-hornbeam), provide
evidence of deciduous vegetation. Woody taxa also extend to Maloideae (apple subfamily)
and undergrowth shrubs, such as cf. Crataegus (hawthorn) and Cornus (dogwood). Riparian
habitats are testified by Alnus. Evergreen sclerophyllous flora consists of shrubs, such as
Erica, Arbutus unedo, Rhamnus / Phillyrea, Smilax, and tree plants, such as Quercus cf. ilex and
Pinus halepensis /pinaster. Among the cultivated/cultural trees, Olea europaea is the most
recorded, followed by Castanea sativa.

4 seed/fruit samples.
15th—-20th centuries.
Cultivated fruit trees. Wheat.

The carpological analysis also identified 5 taxa (Table 2): two stones of Prunus persica
dated on the basis of the archaeological stratigraphy to the 15th and 19th—20th centuries,
two caryopses of Triticum sp. (wheat) and one Olea europaea stone between the 19th and
20th centuries. In the 17th century, one pip of Vitis vinifera and five cones of Alnus were
recorded.
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3.1.3. Father Master’s Garden—MG

5 pollen samples (CerC8-CerC12).
19th-20th centuries.
Woody food plants, scented shrubs, aromatic and medicinal plants.

The first phase of the garden, prior to the 19th-century reorganisation, has been identi-
fied by the cuts to remove the previous trees. An artesian well, only partially excavated,
presumably formed part of the same spatial arrangement. During the 19th century, the
garden was redesigned by closing the well and constructing a flowerbed at the central
square. The central flowerbed was surrounded by ‘L’ shaped flowerbeds and brick paving.
Gardening activities followed until the second half of the 20th century [3,4].

In the Master’s Garden, the pollen taxa show a variable diversity (24-48 per sample),
indicating the presence of different sectors. Some of them were possibly poorly cared for,
as testified by the abundance of wild grasses, and were poorer of species, while others
contained a large variety of cultivated plants. The state of preservation of pollen grains
was different in the same sample, and this could be related to the transport of soil brought
from elsewhere for cultivation practices. For example, the transport of soils from forested
areas could explain the presence of coniferous pollen (Pinus-pine; Abies-fir), as well as
the frequent records of Castanea sativa pollen (up to 11.1% in CerC12, with some pollen
clumps). In the different sectors, relatively high percentages of Alnus (up to 3.7% in
CerC8), Corylus avellana, Olea europaea and Vitis were recorded. Syringa vulgaris is quite
common among shrubs. Some of the Mediterranean shrubs attested in good quantities in
all samples also produce lovely and long-lasting flowers during summer: Cistus (rock rose),
Helianthemum (sunrose), and Erica. Finally, common climbing plants in gardens include
Hedera helix and Jasminum (the fragrant jasmine). The percentages of plants from wetlands
are more remarkable than elsewhere. A mong them aquatic buttercups, sometimes not
clearly distinguishable from other types of Ranunculaceae, also including Ranunculus type
(buttercups), Helleborus, and Thalictrum (meadow rue) (6.5% on average). The sedge family,
Cyperaceae, including Scirpus (club-rush), are also common (ca. 2% on average). A large
number of medicinal-aromatic plants have been detected: in addition to those already
mentioned in the Apothecary’s Garden, Mentha type and Cannabis (hemp) are listed. The
multipurpose Cannabis could be used both for fibres as textiles or ropes and its medicinal
properties, and possibly oil could also have been obtained from the seeds. Finally, the
graceful flowers of Anagallis and Primula vulgaris could have adorned a flowerbeds, as
could Cyclamen (cyclamen), Filipendula and Rosa, present in all samples.

8 charcoal samples.

18th—second half 20th centuries.

Mesophilous and thermophilous deciduous broadleaved, evergreen sclerophyllous and coniferous
trees and shrubs.

Anthracological analysis includes 462 charcoals (among which 379 determined records)
belonging to 21 taxa (Figure 4). The data are dominated by 18 taxa of non-cultivated
plants (93.7% of the determined charcoals) belonging to woodlands and semi-natural areas.
Woodlands, in particular, are evidenced by mesophilous and thermophilous deciduous
broadleaved trees (32.5%), evergreen sclerophyllous vegetation (26.1%), and conifer (14.8%).
Coniferous plants are once again represented by Pinus halepensis/pinaster. Deciduous
woods are mainly represented by Fraxinus cf. ornus, Quercus cf. cerris, and Fagus sylvatica.
Maloideae, Acer (maple), Cornus, and Ostrya carpinifolia are also attested. The evergreen
sclerophyllous flora includes shrubs, Arbutus unedo, Erica, Smilax and Rhamnus / Phillyrea,
then trees such as Quercus cf. ilex. Alnus belongs to riparian environments. Agriculture-
related species are the same reported in other contexts: Olea europaea, Castanea sativa and,
sporadically, Juglans regia, and their percentage is relatively low in this context (6.3%).

3 seed/fruit samples.
18th—second half 20th centuries.
Cultivated fruit trees. Wheat and vetch.
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Eighteen macro-remains belong to fruit plants, cultivated and almost all from the
second half of the 20th century (Table 2). The six taxa identified include trees, that are
Corylus avellana, Malus/Pyrus (apple/pear), Prunus cf. avium (sweet cherry), and Vitis
vinifera, and arable crops, such as Triticum aestivum/durum (bread /macaroni wheat). The
presence of Vicia sp. (vetch) can be evidence both of the presence either of a weed or a crop.

3.2. The External Green Spaces: Archaeological Sectors OPM, ONO and OEG

7 pollen samples (CerC13-CerC19) and 3 charcoal samples from OPM courtyard;
6 pollen samples (CerC20-CerC25) and 3 charcoal samples from the ONO orchard;
3 pollen samples (CerC26-CerC28) from the OEG outside area;
14th/15th—19th/20th centuries.

In the OPM courtyard, the oldest evidence refers to the end of the 15th century, when
a green open area was created, possibly a garden or cultivated sector outside the original
perimeter of the Carthusian monastery building, with at least one tree. Between the end
of the 15th century and the beginning of the 16th century, a series of ash dumps, burnt
soil, and bricks with traces of combustion, probably related to a neighbouring productive
activity, covered the area. Pollen spectra show a significant amount of Olea europaea in this
phase (CerC18). Some interesting plants are represented by pollen of medicinal herbs such
as Malva and Echium (viper’s bugloss), and the traces of Ribes (gooseberry).

A new levelling occurred in the mid-16th century. The spoliation of an unknown
structure placed in the central-northern part of the present courtyard destroyed the 17th
and 18th centuries archaeological stratification. In the 19th century, the courtyard was
arranged with four flowerbeds built with a brick curb and gardening activities and tree
planting followed. Pollen suggests that Juniperus/Cupressus, Ericaceae, and Sambucus nigra
(European elder) were among the trees and shrubs planted (CerC14). Anthracological
analysis includes 150 charcoals belonging to 15 taxa (Figure 4). Woodlands are mainly
recorded and represented by Quercus cf. cerris, Erica, and Pinus halepensis /pinaster. Species
of agricultural interest is Olea europaea.

The ONO green area occupied by the orchard shows the oldest traces of anthropic
frequentation back to the 14th century when the first nucleus of the Charterhouse was
erected. These traces were possibly connected to horticultural practices that followed
one another until the late 18th century, spaced out by colluvia. Pollen samples from
this phase (CerC24, CerC25) show a significant amount of Ericaceae, possibly arranged
in hedges and cultivated for their beautiful flowers. Interestingly Olea europaea is well
represented, with about 3% in these two samples, suggesting the presence of this important
food plant in the orchard. At the end of the 18th century, probably in conjunction with
the extensive renovation of the Carthusian Monastery, a new level of soil (CerC22) was
added, followed by continuous horticultural activities (CerC20, CerC21) up to the present
day. Cereal fields and the presence of Brassicaceae are evidence of cultivation in the area.
The anthracological study involves 150 charcoals belonging to 18 taxa (Figure 4), mainly
non-cultivated plants. They include, for example, the conifer Pinus halepensis / pinaster,
deciduous broadleaves Quercus cf. cerris, Fraxinus cf. ornus, and Alnus. The latter tree
belongs to riparian environments. Evergreen sclerophyllous vegetation includes shrubs,
such as Erica and Arbutus unedo. Species of agricultural interest are Olea europaea and
Castanea sativa.

In the OEG outside area, pollen spectra are characterised by high amounts of olive
pollen (up to 15.6% in CerC28), which was also observed as pollen clumps suggesting
the local presence of the trees. The agrarian landscape is also testified to the relatively
high values of cereals, including Hordeum group (4.9% on average), Avena/ Triticum group
(0.9% on average) and traces of Panicum (1.3% only in CerC26), with some Fabaceae. In the
samples, there is also Vitis (0.4% on average) and Ericaceae (6.3%), reflecting the spreading
of gardens and hedges close to this area.



Quaternary 2023, 6, 45

12 of 20

F2(8.63 %)

MAINLY CEREAL AND
OTHER CULTIVATED PLANTS .ia

Brassicaceae
.

Ericaceae
p

Acer campestre type @,
\

erc2le
Cyperaceae

3.3. Principal Component Analysis: Similar but Different Areas

Palynological analysis returned a large and complex dataset consisting of 135 variables
(pollen taxa) and 28 samples (CerC1-CerC28). Therefore, it was necessary to apply the
Principal Component Analysis (PCA) as a method to bring out strong patterns from the
dataset. The PCA proved effective in interpreting information on the ecological and floristic
connotations of the different gardens and other contexts outside the cloister walls (Figure 5).
The first PC (=F1: represented by the horizontal axis) explains 11.89% of the total variance
and the second PC (=F2: the vertical axis) describes the second most variation in the
data (8.63%). The components obtained do not have a distinct ecological-environmental
connotation as wet environments, entomophilous species, possibly cultivated herbaceous
plants, and fruit-bearing trees are present in all quadrants of the PCA space. This output is
plausible as it refers to contexts of similar nature within the same site. However, a general
description of flora and vegetation can be assumed for both components. The first PC
presents high loadings for “mainly medicinal-aromatic herbs and woody food plants” (e.g.,
Peucedanum, Apium, Hypericum, Valerianella, Corylus avellana, and Vitis) and low loadings
for “mainly cereal and other cultivated plants” (e.g., Hordeum group, Avena/ Triticum group,
and Brassicaceae). The second PC presents high loadings for “mainly hydro-hygrophilous
herbs and ornamental plants” (e.g., Phragmites australis, Nuphar, Nymphaea alba type, Oxalis,
Rosaceae, and Polygala) and low loadings for “mainly Mediterranean trees and shrubs”
(e.g., Olea europaea, Fraxinus ornus, and Syringa).
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Figure 5. Principal Component Analysis (PCA) of pollen data from the Charterhouse of Calci. F1
separates pollen spectra between “maily medicinal-aromatic herbs and woody food plants” and
“mainly cereal and other cultivated plants”, and F2 between “mainly hydro-hygrophilous herbs
and ornamental plants” and “mainly mediterranean trees and shrubs”. Each context is separated
by different colours according to those visible in Figure 3: PG = Father Prior’s Garden (yellow),
AG = Father Apothecary’s Garden (green), MG = Father Master’s Garden (orange), OPM = Pisan
Mountains courtyard (light blue), ONO = Northern Orchard (pink), and OEG = Eastern vegetable
Garden (grey).
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Most of the samples are distributed along the first component, along which pollen taxa
with high loadings mostly contribute to the Apothecary’s and Master’s gardens, and those
with low loadings to the other contexts outside the cloister walls. The four samples from
the Prior’s Garden are placed in quadrants I and II, mostly characterised by pollen taxa
with high loadings in the second component. The samples cluster within the ordination
plot with little overlap between the different contexts. Samples of different chronology but
from the same context tend to organize close together in PCA space (contexts separated by
different colours in Figure 5). This is the most significant contribution obtained from the
PCA analysis, showing continuity of use for each context that seems to be characterised by
a specific floristic and vegetational diversity over time.

4. Discussion

The interdisciplinary archaeological and archaeobotanical data allow us to highlight
the garden and horticultural practices putting into evidence the individual (gardens)
and collective (green spaces and surrounding woods) practices adopted by the Carthu-
sians. Therefore, archaeological, palynological, anthracological, and carpological data are
discussed below to better understand the composition and seasonality of gardens, the
collective horticultural practices, and the surrounding landscape during the centuries of
occupation of the Charterhouse.

4.1. Individual Agencies: The Composition and Seasonality of the Fathers’ Gardens

The archaeological investigation highlighted the diachronic transformation of the
gardens as expressions of monks” individual personalities and feelings, substantiated
by their choice of specific plants and flowers. Indeed, there was no rule or custom on
cultivating the gardens. Their figurative picture was rather an expression of the monks’
intimate relationship with nature and divinity [16] (p. 76). Human agency is evident in
the construction choices of the gardens, such as the layout of the flowerbeds and their
transformations, and in the selection of ornamental plants. These plants, with their flowers,
colours, fragrances, and seasonality, have the capacity to act and create ever-changing
gardens, just as water does with its ability to allow the life of water lilies and the interplay
of light, sound and refreshment in conjunction with green plants and walls that provide
shade. The architecture of the gardens, with their high boundary walls, separated the
Fathers from the external world, immersing them in a space tailored to monastic life,
not excluding interaction with animals. This is documented by the archaeozoological
analyses that unearthed the presence of bones of cats and terrestrial turtles, and also birds
that, together with insects, were attracted by flowers, plants, water, and presumably food
remains [3,4].

Pollen analysis of the Fathers” garden sediments revealed a high plant diversity and
confirms that anthropogenic activities largely influenced the local flora (Figure 3). In the
Father Prior’s Garden, archaeobotanical data provide an outline of the changing features
of the garden due to the different plants cultivated over the centuries and their seasonal
variability. Daily horticultural activities are also evident in the pollen records, primarily
proved by the cultivation of medicinal herbs as well as food and aromatic plants, such as
garlic, carrot, horseradish, and mint. From the mid/second half of the 18th century, the
garden became a meditation space adorned with flowers and ornamental plants blooming
in the different seasons, such as roses, integrated into a symmetrical articulation of paths
and flowerbeds. Aquatic plants, including water lilies—Nymphaea alba and Nuphar—were
related to an octagonal fountain, all converging scenically in a grotesque backdrop. This
resulted in a garden wetter than others in the Charterhouse. The diversity of aromatic and
medicinal plants is especially rich in the Father Apothecary’s Garden, where sage, mallow,
the common Saint-John’s wort, poppy, celery, hog’s fennel, and lamb’s lettuce could be
wild or cultivated and selected for their properties. Also, the carpological record could
represent some garden plants. Furthermore, in these two gardens, and especially in the
Father Master’s Garden, were woody plants in the form of shrubs with beautiful flowers,
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like lilacs and heaths, autumn fruits like hazelnuts, and trees. Among the latter, oaks, ash,
pine, and maples may have been cultivated or, most probably, were also distributed in the
area.

4.2. Collective Production, Fertilisation, Manuring, Pruning, Diet, and Other Practices

The dense intertwining of human and non-human agency can be read in the fertilising
practices attested by the ash patches and burnt plant remains: here, human agency is linked
to that of the ash, its potential to fertilise and enrich the soil, the agency of the plants
themselves, and fire. Likewise, soil transport from the external areas to the gardens, well
highlighted by pollen analysis and the presence of spores of coprophilous fungi, underlines
both the human agency of careful soil selection for its geobotanical characteristics and that
of the soil itself and the organisms and microorganisms that make it up and enable its
fertility and cultivation. This complex and intricate network of activities creates positive
mutual dependences, such as enjoying one’s own garden, meditation, and peace.

Some horticultural practices can be inferred from pollen and archaeobotanical data.
In the Father Prior’s Garden, the significant presence of Hordeum and Avena/Triticum
cereal pollen can be interpreted as transporting some plant parts to use as ground cover
in the garden rather than a small local cultivation of cereals performed inside it for daily
use. In the Father Apothecary’s Garden, significant amounts of chestnut pollen may be
due to organic acid soils collected in the surrounding hills and transported in the garden
for manuring or other horticultural practices. The high presence of chestnut pollen in
the Master’s Garden, even higher than in the previous garden and with pollen clumps,
can be interpreted as a similar case of acid soils used as fertiliser in gardening practices.
The chestnut tree was probably cultivated outside the cloister wall (according to charcoal
records since the 15th century, Figure 6). Almond tree, olive tree, grapevine, and walnut
could have been grown in both outdoor and indoor gardens.

Pollen and macroremain records suggest which fruits supplemented the diet of the
Charterhouse inhabitants. Cereals, such as bread /macaroni wheat, extend information
to arable crops that OEG pollen analyses clearly show externally. Although Maloideae
and Prunoideae records were common in all the three gardens, their charcoal was not
considered as part of the cultivated taxa. Indeed, their anatomical features do not support
the distinction between spontaneous and cultivated plants. Some records could be related
to the pruning of local fruit-bearing plants, such as sweet cherry and almond tree [4].
Moreover, fruit remains attested to the cultivation of apple/pear and peach. The presence
of charred wood may be explained by the traditional practice of adding firewood ash
to the soil as fertiliser. In the AG samples, also considering the consistency with the
anthracological record, carpological material may have been deposited by discharge of
firewood residues or burnt waste. In particular, the woody fruits of the alder, such as
tiny pinecones, may persist dried on pruned branches for a long time—so they could
still burn together with fuelwood. As already mentioned, based on the few pollen found,
(Sections 3.1.1 and 3.1.2), alder was most probably collected from riparian environments
out of the gardens and transported inside.

Like other monastic Orders, the Carthusian role does not allow animal meat consump-
tion except on very rare occasions. Carthusians could still consume dairy products, eggs,
and fish, as well as some other aquatic or amphibian animals, such as otters, molluscs,
and tortoises [17] (pp. 34-44) [18] (pp. 282-288). The archaeozoological records from the
Fathers’ gardens attest to the presence, in addition to Felis catus (domestic cat), of domestic
mammals, such as Oryctolagus cuniculus (rabbit) and Bos taurus (cattle), and farmyard
animals, such as Gallus gallus (domestic fowl). However, there is very little evidence within
the cell gardens, and our data do not allow us to state that animal husbandry was practised
within the cloister boundaries nor that manure was used as fertiliser [4].
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Figure 6. Charterhouse of Calci: synthetic charcoal diagram of the different studied time intervals (cal
yr AD). Indeterminate remains are excluded from the percentage calculation. In order to highlight
the vegetation and forest types related to wood harvesting taxa (in Figure 4) are grouped according
to their ecological role: thermophilous deciduous forest includes deciduous broadleaves (green),
hygrophilous and floodplain forest contains Fraxinus cf. angustifolia and Alnus (blue), maritime pine
forest includes Pinus halepensis/pinea (purple), Mediterranean evergreen forest includes maquis and
garrigue (sclerophyllous shrubs) and evergreen Quercus (Q. cf. ilex and Q. cf. suber; red), and culti-
vated fruit trees include Castanea sativa and Olea europaea (orange). Not pooled deciduous/evergreen
plants are distinct in black.

4.3. The Surrounding Landscape: Managing the Wood

The ash patches and charred wood remains represent an important intertwining of
human and non-human agency involving the monastic community, plants, and fire. The
linking component between these three elements is ash, with its potential to fertilise and
enrich the soil. In the ash, the charred wood remains are a tangible expression of the tree and
shrub community, but it is the human agency that selects the fuel and consequently shapes
the forest resource. The charcoal record clearly shows the use of fuelwood from uncultivated
plants of woody and semi-natural lands (Figure 6). The percentage of fuelwood from these
areas is predominant between the 15th and 19th centuries, ranging from 97.3% to 90.5%.
It decreased to 37.6% at the beginning of the 19th century, increasing later and becoming
dominant in the 20th century.

In the 15th and 17th centuries, the thermophilous deciduous woodland was the most
exploited habitat (Figure 6), mainly represented by the deciduous oak group, with Turkey
oak and sporadically downy oak, then manna ash, elm, hop-hornbeam, and also European
beech. This forest cover is similar to the present-day mixed deciduous woodland, with
significant differences: European hop-hornbeam dominates, whereas mixed Turkey oak
forests are fragmented in scattered and occasional clusters [19,20]. The mixed deciduous
oak forest, dominated by Turkey oak, was, in fact, present for the entire investigated
chronology as the pollen spectrum of deciduous Quercus also shows (Figure 3) and was the
primary source of firewood at least until the end of the 17th century (Figure 6), probably
because it was more available in the area than today and efficient in terms of biomass
production.
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In both biostratigraphic records, hygrophilous and floodplain trees, testified to by alder,
southern ash, and elm (Figures 3 and 6), were present but sporadically used as fuelwood.
The most remarkable aspect is the marked heliophilous and thermophilous component of
frugal and fast-growing deciduous trees, capable of colonising open habitats and lightly
wooded areas (manna ash, above all, then hop-hornbeam and elm; Figures 3 and 6). This
ecological succession is typical of the Turkey oak forest managed by coppicing to harvest
firewood [21] in the Upper Tyrrhenian Tuscany, where deciduous oak woodland extended
between the Middle Ages [22-25], and then declined due to anthropogenic impact related
to crops and pastures [26].

Since the 15th century, the use of sclerophyllous trees and shrubs from maquis has
been continuous in the gathering of firewood, together with wood from Turkey oak forest
(Figure 6). For this period, maquis is representative of forest types altered by anthropogenic
activities and can be considered both regressive degradation and restoration series [19-21].
Ericaceae pollen (Figure 3), particularly from the three outside contexts, strongly con-
firms the presence of open woodlands colonised by sclerophyllous shrubs. In the time
interval from the 18th to the end of the 20th century, the most exploited habitat was the
Mediterranean evergreen forest. Fuelwood came from high maquis, including mainly
sclerophyllous shrubs, such as buckthorn or narrow-leaved mock privet, strawberry tree,
and heather.

The concurrent use of Pinus halepensis / pinaster shows a close match with the current
vegetation. Its high fuelwood percentage, reaching 29.4% in Figure 6, and pollen presence
(Pinus) in the three outside contexts (Figure 3) can be attributed to the presence of one
of the highest hillside concentrations of P. pinaster in all of Tuscany, on nearby Mount
Pisano [19,20]. The supply of maritime pine wood backdates the presence of the species
on Mount Pisano (at least to the 15th century) and supports the native species hypothesis.
The use of pine wood is chronologically wide (five centuries) and suggests its continuous
presence in the area, probably managed by the renewal of the resource.

From the 18th century, the use of sclerophyllous shrubs of maquis and maritime pine
became prevalent and exceeded the use of wood from Turkey oak and thermophilous de-
ciduous broadleaved forests (Figure 6). The supply of firewood reflected the present spread
of maquis and maritime pine forests due to the continuous consumption and degradation
of tree cover and substratum by ongoing agrarian and silvo-pastoral activities [19,20].

The presence of beech in the anthracological record (Figure 6) testifies to the use
as a fuel of a local woody resource, attested by a slight pollen signal (Figure 3). Beech
is a typically mountainous species whose canonical distribution in Tuscany is from ca.
1000 m to 1500/1700 m a.s.l. However, few and spotty beech stands are located in Mount
Pisano (ca. 400 and 700 m a.s.l.) [19], and plant remains are attested between the 1st
and 3rd centuries near Pisa and the Charterhouse [27]. In the last 4000 years, beech was
typical of woodlands below 400 m a.s.l. along the Italic peninsula in the Mediterranean
macrobioclimate [28]. Only forestry exploitation degraded its habitat within the local
thermophilous plant communities.

4.4. The Use of Cultivated Areas: Ecology and Economics

Cultivated lands are suggested from the 15th century, and the long-standing and used
plants are olive and chestnut trees (Figure 6). The olive tree, and particularly its derived
product, olive oil, plays an important role in religious activities. The archaeobotanical
evidence indicates a very scant presence of the olive tree and oil until the late Middle Ages
in Tuscany [29]. Only between the 12th and 13th centuriesthe great expansion of olive
growing occurred when towns and urban communities aspired to have access to olive
oil, a food connected to higher social classes, such as the religious ones and considered
a luxury [25]. The higher values of Olea europaea and cereals outside the walls (Figure 3)
represent the typical pollen picture of the open agrarian landscape characterised by olive
groves and cereal fields, especially outside the OEG area (10.1% and 8.3% on average,
respectively, in samples CerC26-CerC28). Contrarily, the lowest values of Corylus avellana
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and aromatic-medicinal plants like Apiaceae are further evidence that these plants were
cultivated in the gardens.

According to archaeobotanical research, chestnut fruit cultivation in Tuscany began
in the middle of the 11th century, when the post-Carolingian aristocracy turned a profit
on woodlands [30]. On Mount Pisano, this cultivation was established in the 9th and 10th
centuries [19]. An increase of chestnut cultivation in the mountain and hilly areas in Italy
was also recorded between the 10th and 14th centuries [31,32], a phenomenon that led to
the coining of the term “chestnut civilisation’ [33]. Nowadays, chestnut stands, maquis,
and maritime pine forests largely replaced the potential vegetation of mixed deciduous
broadleaved woods and represent the most widespread forest coenosis of the hilly area,
from 25/50 m to ca. 900 m a.s.l. [19,20]. The scarcity of Castanea sativa pollen outside further
supports the interpretation that the chestnut was transported into the gardens with the acid
soils taken from the hills. Moreover, the lowest values of Cichorieae pollen in the outside
contexts may be partly due to the different soils, which were more organic-rich sediments
in the cultivation areas.

Between the 19th century and the transition to the 20th century, the use of wood from
cultivated areas, notably chestnut groves, rose (Figure 6). This occurred immediately after
the increase in the use of maquis and could therefore confirm the deterioration of ther-
mophilous deciduous forests to spread cultivable areas. Prunings and infertile individuals
of these fruit tree plantations became a source of firewood, shifting chestnut groves towards
coppice. This process degraded the pre-existing chestnut fruit high forest stands [34].
Currently, on Mount Pisano, chestnut trees are rare, while coppice has prevailed [19,20].

5. Conclusions

At the end of our discussion, we would like to emphasise some key points. The first
one is that this research has been developed from the beginning as an interdisciplinary
investigation project involving three scientific research teams with specific and comple-
mentary expertise. Only this collaborative approach has permitted an in-depth analysis of
the data and the results achieved. On the other hand, this distributed work took five years
from the first time the trowel dug the ground to this publication.

The second key point is that our research has been based on a solid theoretical ap-
proach, which started from collected and scientifically investigated data. We have pro-
posed to interpret archaeological and archaeobotanical data not only in terms of the pres-
ence/absence or within the well-established categories of alimentation, productive activities
or embellishment of the gardens but rather in relation to the intricate network of human
and non-human connections, rejecting an exclusively anthropocentric view. Reading the
complex archaeological record composed of soil, pottery, stones, pollen, plant macrore-
mains, and faunal bones starting from their agencies allowed us to avoid the pre-eminence
of human agency.

Based on the data from the gardens and contexts outside the cloister walls, a consid-
erable local variability of contexts was responsible for the different available resources
and landscape. Main details on the local biodiversity and land use can be summarised as
follows:

(i) the specific composition and seasonality of the gardens and the choice of plants and
flowers adopted by the Carthusians during the centuries of occupation of the Charterhouse;
in particular, palynological analysis provide information on the floristic and vegetational
dissimilarities of the three gardens, characterised by the presence of ornamental plants
(Father Prior’s Garden), aromatic and medicinal plants (Father Apothecary’s Garden), and
fruit trees (Father Master’s Garden);

(ii) the use of fertilising practices, attested by the ash patches, burnt plant remains,
and probably by careful sorting of soil in the surrounding hills and its transport within the
gardens;

(iii) pollen and macroremain records suggest that the inhabitants of the Charterhouse
based their diet on cereals (bread /macaroni wheat), other possible cultivated herbs (vetch
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and species belonging to Brassicaceae), wild and cultivated woody plants (e.g., chestnut,
olive tree, almond tree, and grapevine);

(iv) the management of local hilly woods: in the 15th and 17th centuries, the ther-
mophilous deciduous woodland was the most exploited habitat, while later, until the end
of the 20th century, the Mediterranean evergreen forest was more exploited as fuelwood.
Between the 19th century and the 20th century, the use of chestnut wood increased.

Moreover, the archaeozoological records attest to the presence of domestic animals
such as domestic cat, cattle, rabbits, and domestic fowl. There is very little evidence to
suggest that animal husbandry was practised within the cloister boundaries.

In the gardens, orchards and woods of the Charterhouse of Calci, humans and non-
humans acquire centrality and peripherality simultaneously because, at the centre, there
is precisely the network of agencies with their mutual dependencies. In our study, the
non-humans—the plants and things—play a role as important as that of the humans—
Carthusian Fathers and the lay brothers—in a sort of symmetry. Humans did not merely
plant flowers, vegetables, and trees or exploit woods; they planted seeds, managed woods
or created a garden to the extent that the non-human agency of the plants (and also of
things) afforded it to them.

In this way, the garden represents a co-creation made together by human and non-
human agencies that afforded, among other things, silence, shade, colour, perfume, the
presence of butterflies, turtles, cats, and even microorganisms such as coprophilous fungi
that in turn performed their affordance, and so forth. This complex network has produced
dependencies [35] (p. 17) in which each monk was entrapped, for example, between the
fragrance of flowers and the necessity to take care of them, dedicating time and effort to
gardening activities in order to enjoy the garden itself.
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