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Abstract

Using iconography and ancient texts, we list and discuss Arundo and Phragmites taxa (canes and reeds, respectively), their
uses, such as writing, units of measurement, medicines, fuels, food, fodders, rural lifestyles, construction materials, ship
building, musical wind instruments, throwing weapons, and sacred symbols. These plants that were essential in the daily
life of Mediterranean civilizations for millennia could still play a very useful role (bioremediation, CO, fixation, biogas),

for future generations.
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Introduction

The origin of this research is related to the proximity
between the stands of some Arundo species and several
ancient Mediterranean cities (e.g., Antibes, Fréjus, Carta-
gena, Carthage, Narbonne). In the Iliad (canto 10, 467),
Homer described a field of ‘donax’ beneath the walls of
Troy, attesting to its ancient occurrence (Amigues, pers.
com.). We address the questions: (1) did humans introduce
them, or did they choose to build cities close areas where
they naturally occur? and (2) if they were introduced, where
did they originate and when and for what purposes were
they introduced? These questions are complicated because
the genera Arundo L. and Phragmites Adans. are perishable
under normal conditions, except phytoliths (Albert et al.,
2012), and imprints of plants (Romano et al., 2021) and
few large artifacts have survived, except in dry (pyramids,

< Marc Verlaque
marclouis.verlaque @ gmail.com
I Aix Marseille University, IRD, LPED, Marseille, France

Aix Marseille University and Université de Toulon, CNRS,
IRD, Mediterranean Institute of Oceanography (MIO), UM
110, Marseille, France

3 Université Toulouse Jean Jaurés, Laboratoire TRACES-UMR
5608, Toulouse, France

University of Strasbourg, CNRS, Laboratoire Image Ville
Environnement, UMR 7362, Strasbourg, France

Published online: 07 June 2024

desert areas) or anoxic (marine or freshwater muds) environ-
ments. Research into their uses requires different sources
of information, such as cylinder seals (L =3-5 cm) (~4100
BC), which left the imprint of the owner’s mark on soft clay
and served as proof of identity, jewelry, talismans, and ex-
voto offerings. They provide information on everyday life,
religion, architecture, banquets, battles, and crafts (Amiet,
1980). Cuneiform writing emerged in Mesopotamia (3300
BC to 100 AD), and alphabetic writing in Phoenicia. While
countless Greek and Levantine texts on papyrus have disap-
peared, ancient clay tablets (ca. 500 000) survived attesting
to the huge Mesopotamian influence on the Levant. It is pos-
sible to access online Sumerian texts (ETCSL, 2003-2007)
and the Assyrian dictionary (CAD, 1956-2010). Mesopota-
mian sculptures and bas reliefs also depict canes and reeds
in pastoral, hunting, and warfare scenes.

In the Greco-Latin world, the major texts are those of
the first century encyclopedist Pliny the Elder, who devoted
several chapters to the uses of reeds, and the texts of Ovid,
Vitruvius, Columella, and Strabo; followed by those of Cato
(third century BC), the botanist Theophrastus and Xenophon
(fourth century BC), the historian Herodotus and Heraclitus
(fifth century BC), and the Greek poet Homer (ninth-eighth
century BC). These texts illustrate the difficulties of nam-
ing these Arundo L. and Phragmites Adans. plants, and how
botany can help identify them, as well as artifacts made from
them. We present the inferences that can be drawn from the
study of iconography and ancient texts.
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Arundo and Phragmites were included in the same genus
until 1950, and their vernacular names reflect the confusion
between the cane/reed taxa (Fig. 1). Nowadays, the usual
names of Phragmites are common reed (English), roseau
a balai (French), agmén (Hebrew), gassab, hagna (Ara-
bic). Arundo donax L. is called giant reed, cane (English),
canne de Provence or canne a palissades (French), ganéh
(Hebrew), ghab, Spanish or Persian reed (Arabic). Arundo
plinii Turra is rarely cited: we found canne de Pline (French)
and arrow reed; the other taxa have no vernacular names.

The words canna (Italian), cafia (Spanish), canne
(French), cane (English) are direct borrowings from Greek
derived from Akkadian ganii, and its Phoenician or Hebrew
derivative gn (Hemmerdinger, 1966). However, the name
reed (English) of German origin (raus, rohr) is used

Fig.1 Reedbed in winter (Sausset-Les-Pins, France), Phragmites
australis with one-sided leaning panicles in the foreground, and
Arundo donax with straight panicles in the second plane. For color
figures, the reader is referred to the web version of this article
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worldwide in the literature, except in the Mediterranean
region. In Greek, phragmites is a barrier, kalamos or kanna
is a pipe of small diameter (torch, arrow, flute, stylus), and
donax is used for large diameters. In Latin, harundo/arundo
is used for large-diameter plants and objects (fishing rod,
stick). In the ancient texts, the term calamos seems more
poetic than arundo, which is preferentially used for agricul-
ture and weapons (Renoux, 2006).

In Mesopotamia, the names of these plants were syn-
onymous with the objects produced: arrow, tube, musical
pipe, measuring rod (CAD, 1956-2010). In Hebrew, other
functions are added: stem and branches of the menorah,
humerus bone and balance beam (Botterweck et al., 2004).
This brings us back to the Bible and everyday language:
reeds symbolize the flexibility, the weakness and fragility
of mankind, while canes represent rigidity, support (stick),
canon law, the rule, and the norm (Paquereau, 2013).

Botanical Study

The genera Arundo and Phragmites (Poaceae), similar
in appearance, belong to the Arundinoideae subfamily,
but within two distinct tribes (Hardion et al., 2017). Both
are perennial strongly rhizomatous, with tall erect culms
(1-6 m), long cauline leaves, and large plumose panicles
(Fig. 1). These tallest Mediterranean grasses are used in
a similar fashion to Asian tropical bamboos. To interpret
the iconography, texts, and artifacts, we first identify the
two genera based on Greiss (1957). Phragmites spp. live in
wetlands forming extended, dense stands called reed-beds,
while Arundo spp. with greater height thrive in terrestrial
environments in smaller areas, called canebrakes.

Morpho-genetic studies showed that the Mediterranean
Phragmites include three native species: P. australis (Cav.)
Trin. ex Steud. (Cosmopolitan in temperate to cold regions),
and two thermophilic taxa: the rare P. frutescens Scholz
(Crete, Greece, SW-Turkey), and the common P. altissimus
(Benth.) Mabille (S-Mediterranean to Central Asia) (Lam-
bertini et al., 2006; Verlaque et al., 2023). The genus Arundo
includes four taxa: (1) the giant reed A. donax L., a sub-
tropical invasive clone (Ahmad et al., 2008) whose closest
phylogenetic relatives occur in the Indus Valley (Hardion
et al., 2014), and the complex of three smaller taxa (A. plinii
s.1.) with (2) the introduced circum-Mediterranean clone A.
micrantha Lam. of unknown origin, and two native species,
(3) the fertile Italo-Balkan A. plinii Turra, and (4) the rare
endemic Ligurian A. donaciformis (Loisel.) Hardion et al.
(Hardion et al., 2012). The complementarity of their ranges
suggests extensive past uses (Fig. 2).

The material and methods are described in Hardion
et al. (2012) and Verlaque et al. (2023), which, along with
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Fig.2 Mediterranean distribution of Arundo taxa

new results show that both genera are strongly distinct which-
ever criteria are used. In each of them, one species is clearly
distinguished: P. australis within Phragmites and A. donax
within Arundo. We will consider first the classic floral mac-
roscopic traits, present only in autumn, with one-sided lean-
ing panicles in Phragmites, and symmetric straight panicles
in Arundo, and lemmas as major characters (Supplementary
Box 1, Fig. 3a—c). We then address the vegetative traits, pre-
sent all year round, with the ones most useful for artifacts,
charcoals, and imprints: rhizomes (with aerenchyma or not;
hollow or solid), culms (height and diameter), and nodes
(Supplementary Box 2, Fig. 3d—j).

Microscopic traits are the most discriminating in Poaceae
(Metcalfe, 1960). These elements are preserved for a long
time in sediment and artifacts (Greiss, 1957; Tackholm et al.,
1973; Albert et al., 2012). Leaf and culm epidermal traits are
useful, notably the short silica bodies of both genera mainly
found in tropical grasses, and so very rare in Mediterranean
and European taxa.

The epidermis keeps well due to its thick waxy cuticle,
and many silicified cells: silica bodies, bulliform cells, sto-
mata, prickles, hooks, that become phytoliths. The distinc-
tion between the two genera is easy with short silica bodies
of abaxial leaf epidermis: saddle shaped in Phragmites, and
bilobate in Arundo (Supplementary Box 3, Fig. 4a, b). In
Phragmites culm epidermis, each short-cell pair includes
a globular silica body and a reniform cork-cell, while in
Arundo they are bilobate and cubic, respectively. These traits
enabled us to identify reed and cane in Roman shipwrecks
(Supplementary Box 4, Fig. 4c—f). In agreement with previ-
ous works (Greiss, 1957; Metcalfe, 1960; Crivellaro & Sch-
weingruber, 2013), for mature culm anatomy (¢ = 6 mm),
major traits are its thickness and forms of vascular bundles
(Supplementary Box 5, Fig. 5a—d). These features allow
charcoal identification.
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Historical and Current Uses

‘Where there are no reeds, it is the worst of all poverty’.
Sumerian proverb (ETCSL, 2003-2007).
Glyptic Art and Writing

Oriental history traced with cylinder seals (from 4100 BC,
Amiet, 1980) and the first Sumerian pictograms (~3300
BC) attest to the importance of reeds, with a Phragmites
close to a river (Fig. 6a). In Egyptian hieroglyphs (~3100
BC), the single reed panicle is the sound ‘i’ or ‘e’, and the
pair ‘y’ (Fig. 6b). These drawings reflect the observations
of scribes of leaning and one-sided panicles of Phragmites
distinct from the straight and symmetrical ones of Arundo
(Tackholm et al., 1973). The 1500 Sumerian pictograms
were quickly replaced by 500 cuneiform ideograms, bet-
ter adapted to reed-pens on clay tablets (Fig. 6¢, d). This
writing became syllabic (150-300 signs, civilization of
Akkad ~2700 BC) (Bottéro, 1987).

The Sumerian scribes wrote on tablets with Qalam:
“reed” culm obliquely cut (Joannes et al., 2001). In many
hymns to the vegetation and writing goddess, we find
‘Nisaba who holds a holy reed-stylus (or golden stylus)
and the shining measuring rod’. This is reminiscent of the
golden color of Arundo culms. The Assyrians deified galam
and tablets inherited from Sumer and Babylon (Fig. 6¢). In
Palestine, Linnaeus described A. scriptoria (Post, 1933,
probably A. micrantha). Finally, a notable fresco from the
Dura-Europos synagogue (~250 AD) shows Moses with
a grass (not a burning bush) that looks like A. micrantha;
maybe to suggest his role as the Torah writer (Fig. 6f).

The Phoenicians played a major role with the invention
of the alphabet in Byblos (12th c. BC) that could be written
in ink on papyrus. According to legend, this alphabet was
offered to the Greeks by Cadmus (son of the king of Tyre),
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Fig. 3

Lemmas: a P. australis (glabrous lemma, hairs on the
rachilla), b A. donax (villous lemma, hairs oblique on the lower quar-
ter), ¢ A. plinii (hairs perpendicular on a ring). Rhizomes: d P. aus-
tralis (hollow with peripheral aerenchyma), e A. donax (solid without
aerenchyma), f A. plinii (hollow, without aerenchyma) (Jiménez-Ruiz

founder of Thebes (Boeotia), during his search for his sister
Europa who had been kidnapped by Zeus and subsequently
bore Minos, the founder of the Minoan civilization in Crete
(Briquel-Chatonnet & Gubel, 1998). As this consonantal
alphabet resulted in highly complex texts, the Greeks added
vowels. Ausone (1843) (fourth century AD) describes this:
“Muse, suspend your march in these fields of papyrus. Let
us stop there the furrow traced by the reed (harundinis) of Cnidus
(Turkey) with its split foot, which goes to draw the black-
ish signs of Cadmus’ daughters.” In Europe, although the
name galam persists, the object was replaced by the quill pen
in the Middle Ages, by pencils and metal nibs (nineteenth
century. AD), then by ballpoint pens.

Unit of Measure

Units of length, weight, area, and capacity were created in
Sumer before writing in the fourth millennium, then unified
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et al., 2021, modified). Culm nodes: g P. australis (arrow: thickened
clear band above), h P. frutescens (arrows: thickened clear band
above and waxy band below), i A. donax and j A. micrantha (arrows:
large dark ring below). a—c: scale=2 mm, d-f: scale=5 mm, g—j
scale=1cm

and extended to the Near East (Joannes et al., 2001). The
length unit equal to three meters was called ganii (cane).
It became a reference (e.g., in the Bible, Paquereau, 2013)
throughout Europe, and was used until the French Revolu-
tion (e.g., Girardin, 1729) (Fig. 7).

Medicine

Arundo donax is one of the 30 plants listed in ancient medi-
cal oriental remedies (Mazars, 2002). According to the prin-
ciple of analogy: “the strong joints of culms can also repair
the damaged ones of the men” (Lieutaghi, 2006), and it was
used to remove arrows and thorns (Pliny the Elder, 1981) as
well as to make arrows. Their “ashes in vinegar prevented
alopecia” and the fresh rhizomes crushed in wine gave “a
drink with a powerful attractive virtue which excites Venus”
(Pliny the Elder, 1981), probably due to donaxine and
bufotenine: hallucinogenic and euphoric alkaloids (Paris &
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Fig.4 Leaf epidermis: a Phragmites, ribs with saddle-shaped silica
bodies (S) and short prickles (p), intercostal zone with hooks (h) and
small stomata (st). b Arundo, ribs with bilobate silica bodies and long
prickles, intercostal zone with microhair bases (b) and taller stomata.
Culm epidermis. Fresh plants: ¢ Phragmites, short pairs with reni-

Moise, 1981). Moreover, in glyptic art of banquets, the leafy
branches of cane represent “joy” (Amiet, 1980). Works on
medicinal plants also indicate diuretic, febrifuge, anti-milky
properties of A. donax, and diuretic and anti-emetic uses for
P. australis (Fournier, 1947).

form cork-cells (c) and globular silica bodies (S). d Arundo, short
pairs with cubic cork-cells and bilobate silica bodies. Caulking mate-
rial of shipwrecks. e Phragmites. £ Arundo. a, b: scale=100 pm; c—f:
scale=20 pm

During the Spartan military campaigns, Xenophon (1967)
described “those who lodge with the king: the soothsayers,
the doctors, the pipers, the commanders” (Grumberg, 2011:
73). Doctors in the Middle East had musicians and exorcists
as assistants who burned torches and portable altars made

Fig.5 Culm anatomy. Phragmites: vascular bundles wider than tall. a P. australis, b P. frutescens with internal layer of sclerenchyma (arrow),
and peripheral aerenchyma. Arundo : vascular bundles taller than wide: ¢ A. donax, d A. plinii. Scale=500 pm
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Fig.6 Phragmites with one-sided panicles: a Sumerian pictogram and
b Egyptian hieroglyphs. ¢ Cuneiform sign of GI (Sumerian) or Qani
(Akkadian). d Qalams of Arundo donax. e Low relief of an Assyrian
king in prayer in front of the tablet with galam (1220 BC, © Staatli-

of reeds and cast them into a river during purification cer-
emonies. They could also blow to put the ‘evil’ in a culm
(probably A. donax) to burn it (Bottéro, 1987; Heckel, 2003).

Canes have always been used as a walking aid. The
treasures of Tutankhamun (1336 — 1327 BC, 18th dynasty),
include one engraved cane with: “Reed which His Majesty
selected and cut with his own hand from the thicket of reeds-
of-Djapur, which lies in the lounsés court at the location of
the arrow makers” (Gabolde, 2012). Judging by the diameter
(2 cm, Gabolde, 2012) and the dark mark under the nodes

Fig.7 The ‘canna Volterrana’ (arrow) in the Palazzo dei Priori (Volt-
erra, Italy, © N. Castelbon)

@ Springer

che Museen zu Berlin — Vorderasiatisches Museum, photo: VA 8146_
VAMF1090_bs). f Dura-Europos Synagogue fresco (250 AD) with
Moses near a grass resembling A. micrantha (° Wikimedia Commons)

(pers. obs.), the species seems to be A. donax, which would
have been a rare plant in Egypt, where only the common
native reed is P. altissimus (= P. australis var. isiacus). It
would be still rare after its probable introduction during the
Hyksos invasion (Canaanites, 1650 — 1550 BC), and this
harvest took place near the capital Avaris in the NE-Delta.
Note that the first Arundo artifact identified in Egypt dates
from this same period (Greiss, 1957).

Fuel, Food, and Fodder

In poor rural Mediterranean areas, tender young shoots of
reeds are used as fodder for cattle, and can be chewed like
sugar cane (Ochsenschlager, 1992). The large rhizomes of
A. donax have a “bitter and vanilla taste” (Chevalier, 1817),
with maximum sugar content before flowering (Lieutaghi,
2006). In the Middle East, reeds or canes were used as straws
to drink beer or wine.

In wood-poor areas, reeds are a vital fuel. In Sumer, the
fire god Gibil was called “arsonist of reeds,” and reed harvest-
ing was a daily chore (Kramer, 1957) because Phragmites are
weeds in irrigation channels. Akkadian tablets (2400 —2100
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BC) record the number of reed bundles needed to cook meat
for banquets (Grandjean et al., 2013). With the rise of metal-
lurgy in Middle East (Copper age, mid-fifth millennium BC),
fuel requirements involved huge quantities of reeds (Mar-
gueron, 1991). In China, the common name of firewood reeds
is Luchai. ‘Shui Luchai’ refers to wetlands of P. australis, and
‘Yang Luchai’ refers to terrestrial A. donax (Zhang et al., 2016).
In Egypt, charcoals identified as Arundo/Phragmites in Greco-
Roman baths are A. donax (Photo in Bouchaud, 2012).

Canes symbolized pastoral life in glyptic art (~2600 BC,
Amiet, 1980: Fig. 8a). Sumerian texts report the construc-
tion of 13 km of palisade (2150 BC), with words referring to
the cut canes, e.g.,”canisse” (Joannes et al., 2001). In Medi-
terranean areas, A. donax was also used to make live and dry
fences, windbreaks, sunshades, huts, enclosures, supports
for plants, traps, fishing rods, cattails, hurdles (fruit drying),
beehives, floats, to mark the edges of fields and water points,
to prevent erosion or the silting up of banks and coastlines,
and to improve drainage and sanitation (Lieutaghi, 2006;
Tackholm et al., 1973). We may also mention shepherd’s
canes, sticks, games (kites, blowguns, etc.), and boxes for:
kohl (Egypt, 18th dynasty, Fig. 8j), salt, spice, or “cane to
put the Gold” (Herodotus, 1850).

Egyptian and Roman basketry using the flexible Phrag-
mites has been well-documented (Cullin-Mingaud, 2015;

Fig.8 a Canes symbolizing the
pastoral life. b Dionysus wine
god in a ship with a cane mast
on which a vine grows (Attic
black-figure kylix from Vulci,
~530 BC, Munich Museum,

© Wikimedia Commons). ¢
Roman mosaic of vines growing
on canes (° Bardo Museum,
Tunis). d Pillars (“horizon
doors”) of temple looking like
canes. e ‘Sacred Boat’” made
in A. donax. f Tuberculate
rhizome of A. donax. g ‘Boat
God’. h Traditional South-Iraq
reed hut (mudhif, © Wikimedia
Commons). i Reed bundles
layers between mud (Chinese
Great Wall, Gobi~ 120 BC, ©
Bairuilong, Wikimedia Com-
mons). j Kohl boxes (Egypt,
18th dynasty, © Museo Egizio,
Torino) (Cylinder seals,
2900—-2300 BC, Amiet, 1980)
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Wendrich, 2000). Charred stems found at a basket maker in
Pompeii were attributed to “two grasses” (Figueiral, 2015)
that match the two anatomical types of P. australis culms
(base and middle). “The thick and hairy tuft employed for
filling the beds used in taverns” (Pliny the Elder) were
Phragmites panicles. Reed ashes were also used as soap,
ointment (added oil), toothpaste (Brillaud, 2011), and
bleaching textiles (Joannes et al., 2001).

Vineyards

The origins of wine are complex and still debated, with
increasingly early and scattered archaeological sites in Tran-
scaucasia (eighth millennium BC), Greece (fifth millennium
BC; Pagnoux et al., 2021), and Sicily (fourth—third millen-
nium BC; De Michele et al., 2019). From these regions, viti-
culture spread with Canaanite, Phoenician, Greek, Etruscan,
and Roman trade. One of the reasons for the introduction
of A. donax into the Mediterranean could be viticulture in
vine arbors supported by cane stakes, hence its name vine-
yard cane. The high quantity of Arundo charcoals found in a
Gallo-Roman vineyard in Languedoc argues in favor of this
use (Figueiral et al., 2010).

In addition, the distribution of A. donax matches
with those of grapevines and olive trees. There is a rich
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iconography of this: e.g., the Sennefer tomb of vine arbor
in Luxor (Egypt, ~ 1420 BC), Assyrian bas reliefs (Ashur-
banipal banquet under the vine arbor at Nineveh ~ 650 BC),
Greek ceramics, and Roman mosaics (Fig. 8b, c¢). Many
Latin texts document the cultivation and use of A. donax
in agriculture, e.g., Pliny the Elder (1981): “The reed is
employed more particularly, as vine supports.” Cato the
Elder (1975) recommends that “it should be planted in a
damp situation, the soil being first turned up, and a distance
of three feet left between the young shoots of reeds (harundi-
netum).” Columella (1864) notes: “This perennial plant
adapts to all soils. It is propagated by cutting, or by laying
down its stem, after the winter solstice. For a vineyard, a
juger (25 acres) of reeds (arundineti) produces enough to
erect the stakes of 20 jugers of vine.”

Ship Building

In the Mediterranean, navigation dates to the early ninth
millennium BC, as evidenced by Cypriot obsidian artifacts
originating in Turkey (Cauvin & Chataigner, 1998). The
Neolithic expansion from the Levant to Europe (~ 5700
BC) would have involved boats capable of transporting
people and animals (Guilaine, 2003). In Mesopotamia
(~4000 BC), boats of wood, leather, and reeds (2—-90 tons)
travelling the rivers were dismantled on arrival. Sumerian
tablets document deliveries of reeds (up to 23 000 bun-
dles) to shipwrights (Joannes et al., 2001). According to
Pliny the Elder (1981): “when it has assumed a more ligne-
ous consistency, it is pounded, as we see done among the
Belgee, and inserted between the joints of ships, to close
the seams, a thing that it does most effectively, being more
tenacious than glue, and adhering more firmly than pitch.”
At Caska and Pakostane (Croatia), we identified reed and
cane in caulking material of Roman shipwrecks (leg. S.
Wicha, unpubl. data, Fig. 4).

In South Iraq, the construction of reed ships (cited
by Herodotus, 1850) has persisted from 4000 BC to the
present day. These boats of strong symbolic value often
appear in glyptic art (Amiet, 1980) as the “Boat God” in
annual pilgrimages of gods, and the “Sacred Boat” that
evoked the Ark of the Great Flood. On a cylinder seal,
the engraver drew the plant used to make them; A. donax
can be clearly recognized with its typical leafy stems
and tuberculate rhizomes (Ur 2400 BC, Fig. 8e—g). The
Flood texts differ according to region, but all relate the
same order of the god Ea (creator of men) to the Great
Sage (Atra-Hasis), through a “reed palisade.” The Baby-
lonian version from the holy city of Nippur (1500 BC)
says “destroy your house and make a rescue boat... let
the boat’s structure be of good reeds” (Finkel, 2015). The
temples managed the reeds, and often cultivated “the pure
reed” (Cunningham, 1997), i.e., A. donax.
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Construction

Traditionally, huts have been made of reeds, and this prac-
tice continues in the South-Iraq marshes (called mudhif),
(Fig. 8h). The neolithic houses were built of raw bricks made
with a mixture of mud and straw to avoid cracks, with roofs
and light ceilings made of reeds (Michel, 2015). From 2700
to 2000 BC, documents cite the purchase of thousands of
reed bundles for construction of temples, ziggurats, and
palaces (Joannés et al., 2001; Margueron, 1991). To con-
solidate the buildings and prevent slippage and humidity,
reeds were layered as crisscrossed bundles between the raw
brick beds (still visible today). Similar techniques are found
in Egyptian mud-brick mastabas (Postgate, 1980), in the
legendary Babylon hanging gardens and the Chinese Great
Wall (Gobi and Mongolian deserts ~ 120 BC). On several
cylinder seals (Akkad, 2300 BC) at the temple entrance the
two large pillars, symbolizing “the horizon doors” resemble
canes (Amiet, 1980) (Fig. 8d).

From the Southern Mediterranean to the East, these con-
structions involved P. altissimus (common) and A. donax
(cultivated). In Assyrian texts (~700 BC), the king Sen-
nacherib wrote “I created a pond and planted a canebrake
(suSu),” and “The canebrakes (apparu) planted around Nin-
eveh flourished greatly” (CAD, 1956-2010, vol. 16: 262 and
vol. 2: 179-181, respectively). The two infrequent and poetic
terms susu and appdru relate specifically to A. donax, also
called “pure,” “clean,” or “great” reed.

In Ugaritic (Pardee, 2000) and Sumerian texts, we found
reed bundles with different prices (van Driel, 1992; van de
Mieroop, 1992). Reed artifacts also exhibit distinct aspects
that puzzle archaeologists (Postgate, 1980), as some col-
lapse, degrade, and turn pale (P. altissimus), while others
remain nearly intact and golden (A. donax). Herodotus
(1850) points out the importance of these plants in the Mid-
dle East: “houses and mats of canes and reeds.” Vitruvius
(1986) reports the same uses in Roman architecture (ceil-
ings, partitions), and specifies: “If the Greek reed (arundinis)
were lacking, one could have recourse to thin reeds of the
marshes, in bundles.” Until recently, these practices were
still observed in Mediterranean houses.

Musical Wind Instruments

Flutes made with various bones date back 40 000 years. Sin-
gle flutes are attested by paintings in Egyptian tombs of the
Old Kingdom, and in Mesopotamia on a cylinder seal from
Ur (2400 BC, Amiet, 1980). One of the earliest illustrations
of a double flute or aulos is the famous marble statue from
the Cycladic islands (2800 —2300 BC). There is a statue of
a flutist in the Ugarit temple of Baal (fourteenth-thirteenth
century BC: Caubet, 1987) and, in Egypt, a painting shows a
flutist seen exceptionally from the front (eighteenth dynasty
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Fig.9 Aulos. a flutist seen exceptionally from the front (Egypt, 18th
dynasty, ~ 1350 BC, © Wikimedia Commons). b Heracles (Greek red-
figure vase, © Musée de la Romanité de Nimes). ¢ Etruscan cinerary
urn (Chiusi, 6 c. BC, © Musée de la Romanité de Nimes)

tomb, after the Hyksos invasion, ~ 1350 BC) (Amin, 2016;
Fig. 9a). In the first millennium BC, the mythic aulos of
Athena enjoyed a great success in Mediterranean (Fig. 9b, c).

In a chapter on reeds, Theophrastus (1989) reports the
harvesting of a rare plant used to make the aulos on the shore
of Lake Orchomenus (now dried up) near Thebes (where the
Muses bathed). Strabo (1966) adds “the Aulos Fountain”
near the source of the Meander River (Phrygia, site of the
musical duel between Apollo and Marsyas). If this reed was
so rare, it could not be the common A. donax, A. plinii, and
Phragmites. For its identification, it is necessary to read the
text of Theophrastus (1989):

‘It is said that there are two genera of reeds: the Aulos
reed and the others...the species are differentiated by
their strength and thickness, or by their thinness and
weakness...One is called palisade reed that which is
solid and large (A. donax), and the other the reed of
basket weavers (P. australis). The latter would grow
on floating islands, the palisade species in the cane-
brakes...The one that has grown is suitable for dou-
ble lamellas, the one that has not been permanently
bathed in water, for the pipes...The reed even has a
female aspect...The plume (panicle) shorter than the
others, and totally absent in certain subjects qualified
as eunuchs.’

Therefore, there were several taxa in Greece, hence the
difficulty for translators. According to the present study,
eunuchs match Arundo micrantha, rarely flowering and not
fructiferous. The canes were cut in early summer for a har-
monious sound (soft tissues), and in September (lignified
tissues) for a piercing sonority (the cries of Gorgons at the
death of Medusa).

It is worth noting the relation between the distribution of
A. micrantha (Fig. 2) and Phoenician-Punic ports (Carayon,
2008). An inscription from a Carthage Tophet mentions
‘canna pura’ (Guzzo, 1995), and in Andalusia A. micrantha
is called ‘caria Judia’ i.e., Jewish cane (Balibrea et al., 2015).
If the link with the music is obvious, one wonders what activ-
ity required accompaniment by these flutes. In antiquity, they
were played on all occasions, especially those dedicated to
sacrifices and burials. Arundo micrantha is often found near
temples, such as at Delphi (Temple of Apollo, the archer god
of music), or in Western Sicily at Motya (Vila, unpubl. data).
The Bible cites this instrument many times in the activities
of the temple. Flavius Josephus (1975-1982) (first century
AD) notes that after one Hebrew defeat “for 30 days lamenta-
tions did not cease in the city and the flutists were disputed
to accompany the hymns”. Currently, in Northern Africa and
the Levant, craftsmen produce various flutes. In Southern
Sardinia, the launeddas, a triple clarinet (two melodic pipes
‘kanna masku’ and one tumbu ‘kanna femina’) are made with
A. micrantha (Fridolin & Bentzon, 1969).

Arundo donax supplies the large pipes of wind instru-
ments, and lamellas or reeds (thin tongues of material that
vibrate to produce a sound) (Bucur, 2019). The origin of
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the invention of lamellas is unknown, perhaps concomitant
with that of the aulos. Their use persists: simple (clarinets,
saxophones), or double lamella (oboes, bassoons). The pipes
were made of metal from the beginning of our era (Pliny the
Elder), except for traditional or rustic instruments (pipes,
whistles, kazoos). Pan-flutes are made with A. donax and
date from 2000 BC. The Southern France (Var) was for a
long time the world center for lamellas production. To com-
pete with this monopoly, many plants were introduced to
America in the last century. The operation ended in com-
mercial failure, but the worldwide invasion of A. donax had
begun (Perdue, 1958).

Throwing Weapons

Many types of weapons have been described (Aurenche
& Kozlowski, 1999; Cauvin, 2013; Gernez, 2008). Like
ceramics, they constitute a cultural signature for civiliza-
tions, and mark technical progress and spheres of influence.
Generally, the forms have persisted for a long time, from
stone to metal.

Spears, javelins, and pikes are typical weapons since the
Paleolithic (~400 000 BC) and consist of a pointed head
inserted into a handle, usually made of wood. In the Levant
(origin of Neolithic), the 8000 — 6600 BC period, called the
‘Big Arrowheads Industry’age (Aurenche & Kozlowski,
1999) matches a rapid climate change and the first major
post-glacial warming, the ‘Levantine moist Period’
(Weninger et al., 2009). Succeeding the earlier microliths
(adapted to temperate-cold P. australis), these new points
(L=5-10 cm) suggest the development of more robust ther-
mophilic species: P. altissimus and perhaps Arundo. This
period is marked by the circulation of materials and innova-
tions, such as tanged points that involved fitting into a hol-
low shaft (Arimura, 2007) (Fig. 10a). The earliest images of
phalanxes armed with short spears date from Sumer (~2500
BC, Fig. 10b). Gernez (2008) reports some bamboo traces
(node imprints) on metallic sockets of javelins and pikes
(Ur royal cemetery, ~2600 BC). Since tropical bamboos
have only recently been introduced, these may be A. donax,
whose large diameters were suited for the handles of throw-
ing weapons and Minoan ceremonial double axes (Fig. 10c).

The main use of reeds as weapons was in making arrows.
The first bone or stone points (L <5 cm) date from the Upper
Paleolithic (~35 000 BC). The origin of the bow is Meso-
lithic (~10 000 BC), e.g., artifacts in German bogs, Valltorta
cave paintings (Spain). They were used until the arrival of
firearms (Renoux, 2006). Shafts can be in rigid, straight, and
isodiametric woods; but production requires time and skill.
The easiest way was using cane or reed culms. Those of
Arundo are ‘ready to use’, while the less straight and less lig-
nified Phragmites culms require straightening and hardening
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on hot grooved stones found in many sites (Cauvin, 2013;
Pichon & Abbes, 2019, Fig. 10d).
Pliny the Elder (1981) wrote texts of particular interest:

‘It is by the aid of the reed (calamis) that the nations
of the East decide their wars...With these missiles the
warriors darken the very rays of the sun...Together
with all the many peoples of the East, one-half of the
whole world live under a dominion imposed by the
agency of the arrow.’

Except P. australis, cosmopolitan in temperate or cold
zones, all other Phragmites and Arundo are thermophilic and
often Mediterranean. Pliny the Elder also specified:

‘...though in this respect, as well as in all others,
Italy has gained the mastery; there being no reed in
existence better adapted for making arrows (calamis
spicula) than that found in the Rhenus (Reno), a river
of the territory of Bononia (Bologna), filled with a
greater quantity of pith than any of the others, it is
light, and easily cleaves the air, while at the same time
it has sufficient weight to resist the action of the wind’.

This reed matches the Italo-Balkan Arundo plinii, dedi-
cated to Pliny by Turra (1765) with Bologna as locus classi-
cus. During their expansion, the Romans probably also used
A. donaciformis (Liguria and Languedoc) to make arrow-
shafts (also called sagitta).

Theophrastus (1989) wrote “Let us point out a peculiar-
ity of the reed suitable for making bows (probably arrows,
Renoux, 2006), called Cretan reed.”. This is A. micrantha
(and not the rare P. frutescens), whose stands match sites
frequented by the Phoenicians who introduced it (Fig. 2).
These great sailors founded 183 ports around the Medi-
terranean, including Carthage; their westward expansion
mainly occurred after the Sea Peoples raids (thirteenth-
twelfth centuries BC) and the Mycenaean civilization col-
lapse (Carayon, 2008). In the Balearic Islands and Southern
Spain, the discovery of their typical arrowheads coincides
with their arrival (Elayi & Planas Palau, 1995). Nowadays,
the most extensive A. micrantha populations still thrive in
Crete, Southern Spain, and Levant.

Unlike the Minoans and Mycenaeans, Helladic Greeks
adopted the tactic of fighting in phalanxes. This contempt
for the bow perhaps stems from the mythical Trojan War,
where Paris killed the Achaean hero Achilles with an arrow
(Reboreda Morillo, 1996). However, the Greeks engaged
Cretan archers during the Persian Wars (fifth century BC).
Similarly, in 217 BC, after several defeats against Carthage,
the Romans enlisted Cretan (calami spicula gnossi) and
Iturean (Lebanon, Bekaa plain) archers who used poisoned
and incendiary arrows (Renoux, 2006). Emperor Augustus
organized cohorts of auxiliary archers, essential elements
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Fig. 10 a Fitting of weapon
points (Syria, 8500 —6000 BC,
Arimura, 2007). b Sumer-

ian phalanxes (The Vultures
stele, 2450 BC, © Wikimedia
Commons). ¢ Minoan labrys
(double axe, Crete, © Wiki-
media Commons). d Grooved
stone to straighten reed culms
(Cauvin, 2013). e Egyptian
Phragmites shaft (° Musée
d’Archéologie de Marseille).

f Arundo shaft (Dura-Europos,
~255 AD, Brown, 2007) (e, f:
black arrows: distinctive traits)
g Byblos type points and h
Jericho type points (Arimura,
2007). i Hebrews bringing war
tributes (Shalmaneser black
Obelisk, 825 BC, © Wikimedia
Commons). j Assyrian archer
(© Staatliche Museen zu Berlin
— Vorderasiatisches Museum,
photo: VA 3000__001b)

of Roman war strategy. Cretan archers and composite bows
were used until the fifteenth century AD.

Sumerian phalanx defeats were attributed to Akkadian
archers equipped with composite bows (2350 BC). It was
a major turning point in the art of war, acting from a dis-
tance, ambushing, and breaking through the enemy ranks
(Joannes et al., 2001). In fact, the composite bow appears in
Susa around 3000 BC (cylinder seal, Amiet, 1980), and the
engraving of an Akkadian king says: ‘I took away the weap-
ons of Elam as tribute’ (Roux, 1995: 166). The simple bow,
made from a single piece of wood, had a short range, and
used small arrows (L =48-56 cm, diameter <1 cm) (Ger-
nez, 2008). The composite bow, made of several pieces of
wood reinforced with horn and tendons, had better elasticity,
solidity, and efficiency, with a longer range (~300 m), and
used long rigid arrows (L =72-90 cm, diameter 0.8—1.5 cm)
(Gernez, 2008). A Babylonian prayer says: ‘return the arrow
that came from the reed, your bow to the woods, cord to
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the tendon of the sheep heel’ (Attia, 2000: 48). These long
arrows seem to correspond to the replacement of Phragmites
by Arundo. Herodotus (1850) indicated in the Middle East:
‘canes used to make short javelins, large bows and long
arrows.’

During battles, a good archer shot 10—12 arrows/min,
requiring vast resources of equipment and the probable culti-
vation of canes, as confirmed by Assyrian texts (~ 1600 BC)
(Miller et al., 1986). A few traces of this material remain,
e.g., (1) weapons from an Egyptian tomb (~ 670 BC), with
reed arrows, simple Egyptian bows (Fig. 10e), and Assyrian
composite bows (Balfour, 1897); and (2) arrows of Dura-
Europos (Northern Syria, ~255 AD) qualified as reed cane
(Brown, 2007), and identified as Arundo by the dark mark
under the node (Fig. 10f). In contrast, the points become
increasingly widespread over time, especially in tombs. In
the Levant, we can see the evolution from earliest microliths,
to tanged points (adapted to hollow shafts) known as Byblos
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type (~8000 BC), then the Jericho type with lateral barbs
(~7500 BC) (Fig. 10g, h). The obsidian and flint points were
slowly replaced by metal with a tang (~3500 BC), then with
a socket (~2200 BC). Many bas reliefs with archers show
scenes of unrivalled cruelty, especially in Assyria (fourteen-
seventh century BC), and on several victory steles we see
that the shaft bundles were part of war tributes at Susa, Byb-
los, Israel (Fig. 10i, j). The lament for Sumer and Ur (2000
BC) describes: “The good reeds, which grew in the sacred
place, were uprooted. The great tribute that the enemies had
collected was hauled off in foreign countries.”

The type of points marks the Neolithization of the West-
ern Mediterranean. In Southern France, in the Chalcolithic
(3500 —2500 BC), the Byblos points arrive, and in the Bell
Beaker culture (2500 BC) the Jericho points appear (Cour-
tin, 1974). Paradoxically, this last type with tang and barbs,
corresponding to the Western European and Mediterranean
conception of the arrow design, is very rare elsewhere in
Europe and in the East (Dias-Meirinho, 2011).

Symbols and Religions

How not to see the divine in these giant grasses, remain-
ing green almost all year round, flowering after the autumn
rains, and with so many uses? During Antiquity, myths and
reality constantly merge. The Mesopotamian Genesis begins:
“When on high no word was used for heaven...no canebrake
was to be seen...In water gods were created” (Roux, 1995:
119); the order of creation was the sky, the earth, and the
reeds. In Sumer, the fertility goddess Inanna was symbol-
ized by a streamer reed stem (i.e., P. altissimus), while the
straight cane was a male symbol (Amiet, 1980) (Fig. 11a,
b) that matches A. donax. The Levantine storm god Adad is
also drawn with reeds (Fig. 11c).

Everywhere, since the Paleolithic the waterways were
sacred and in Mesopotamia the passage to the afterlife was
via water. Enki, the Sumerian god of fresh water and wis-
dom, was the creator and savior of men. The dead was buried
rolled up in reed mats, but the kings “went to the reeds of
Enki.” Thus, urinating or vomiting in the river and to pull up
reeds were sins (Bottero, 1987). In Egypt, reed beds repre-
sented Paradise. In Roman times, we find funerary garlands
of reeds, and Arundo under the heads of mummies or used as
wrappings (Tackholm et al., 1973). For the Greco-Romans
and first Christians these plants bordering the waters per-
sonified the river god with a reed in his hand (Fig. 11d).

The bow, attribute of deities and chiefs, illustrates the
syncretism of religions: the names change, but functions
remain. In Sumer, the homophone 77 means both arrow
and life (pictograms transition to syllabic writing around
2700 BC). The archer god RaSap (Syria, third millennium
BC) spread plague or disorder and could also heal them.
Brown (1993) cites Heraclitus’ pun ‘The name of bow is
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Fig.11 a Goddess Inanna symbol: a streamer reed stem (Amiet, 1980).
b Male straight symbol evoking A. donax (Sumer barn, 3rd mill. BC, ©
Musée du Louvre: photo AO884206-531367 NU). ¢ Storm Levantine
god Adad with reeds (Joannes et al., 2001). d Jordan river God holding
areed (Arians Baptistery, Ravenna, Italy, ON. Castelbon). e Archer God
Rasap with defoliated Arundo culm (Daccache, 2010). f God Baal holding
a spear with an enigmatic leafy culm evoking A. micrantha (Ugarit stele,
14th ¢. BC © Wikimedia Commons). g Arundo micrantha. h A. donax
culm symbolizing the Way of the Cross (Sagrada Familia, Barcelona,
Spain; CA. Aboucaya)

life; its work is death’ because in Greek ‘bios’ designates
the both. He also insists on the arrow as a symbol of male
vigor and sexual energy; arrows pierce bodies and hearts:
‘the arrow (harundine) that excites Love is golden’ (Ovid,
2005). Several myths link canes to sex and music: the arrows
of the musician god Apollo also brought plague or healing.
In legend, the nymph Syrinx was transformed into reeds to
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escape the lustful god Pan. Disappointed, he cut them and
made his Pan flute to preserve her memory. Until 1900, pig
castrators were identified with Pan pipes in the countryside
(Fabre-Vassas, 1983). On a cylinder seal, we see RaSap with
his bow and a partly defoliated culm that looks like a cane
(Daccache, 2010). Similarly, on the famous Ugarit stele,
the god Baal holds a mace in one hand and a spear ending
in an enigmatic leafy culm in the other: flame or lightning
(Benoit, 2003: 309), perhaps A. micrantha. The resemblance
is striking, especially the thin and stiff leaves (Fig. 11e—g).

Since the Neolithic, robust sticks were a symbol of power.
According to a Sumerian text, the Uruk king (Enmerkar)
cultivated a cane with two tint foliage (A. donax var. versi-
color) to impress the lord of Arrata (Jiroft, Iran): ‘then cuts
it with an axe to turn it into an exceptional shining scepter’
(Kramer, 1957: 52). During the judgment of Christ, soldiers
place in his hand a reed as the scepter of the “King of the
Jews,” which matches A. donax in paintings (e.g., Caravag-
gio’s Ecce Homo). In the Sagrada Familia (Barcelona) a
piece of A. donax symbolizes the Way of the Cross, and the
Holy Spear that killed the Christ (Fig. 11h). Nowadays, in
Morocco, A. donax is considered a mythical species, the last
bastion against the advance of the desert, also serving as a
knife for ritual sacrifices, and used as a partition separating
young girls and boys (Gélard, 2007).

Conclusion

Due to their countless uses (writing, measurement, medi-
cine, fuel, fodder, construction, shipbuilding, musical
instruments, weapons...), reeds and canes share a long
history with mankind. In most archaeological studies,
the two genera are not distinguished, plants being called
‘Arundo/Phragmites’. Analyses of glyptic, sculptures, bas-
reliefs and ancient texts show that craftsmen knew which
plants to choose according to the uses. Botanical studies of
fresh plants (micro- and macro-characters), and compari-
sons with artefacts (manufactured objects, fragments, and
imprints) allowed us to identify the genus, and in some cases
the species.

Since the Neolithic, Mediterranean villages have been
established near watercourses, i.e., near reeds and canes,
and humans have also introduced the most useful taxa: i.e.,
A. donax (towards the third millennium BC) that became
the symbol of the Mediterranean rural world, and later A.
micrantha (Iron Age) with Phoenician expansion.

Currently the range of their uses has declined signifi-
cantly (with the exceptions of galams, narghiles, thatched
roofs, and lamellas), as have most of the taxa themselves.
Faced with global change and worldwide regression of wet-
lands, Phragmites spp. and the A. plinii complex are highly

threatened (geophytes linked to wetlands and/or coasts,
strict outbreeding, almost exclusive vegetative multiplica-
tion) (Verlaque et al., 2001). For example, A. donaciformis
lost 60% of its distribution in 20 years (Vila et al., 2016).
However, thanks to their strong phytoremediation power,
and their high energy potential (calorific value higher than
woods, biogas, ethyl alcohol), reeds and canes could soon
become very useful again.
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