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A B S T R A C T   

Cordage is related to daily activities and as such has been a basic element for self-suffiency since Prehistory. Due 
to the lack of their preservation in most archaeological contexts, the knowledge of these technologies in the past 
is limited. This paper analyses the production process through an experimental program of the cordage 
assemblage from La Draga (Girona, Spain; 5207–4862 cal BC). The site is an Early Neolithic site from north- 
eastern Iberia, where a wide vegetal set of fibre-based craft was recovered in waterlogged preservation condi-
tions. First, a systematic identification of raw materials used for cord production is done. Subsequently an 
experimental approach to these cords, considering both the raw materials used and their properties, has been 
developed. The study aims to infer raw material selection for producing cords, as well as the importance of raw 
material and group standards involved in the final objects. The results showed a preferable selection of lime tree 
bark (Tilia sp.) and nettle bast fibre (Urtica sp.), which may be obtained from the surroundings of the site. Both 
were used to produce different types of cords, twisting preferred above braiding, which should be related to 
cultural standards and traditional learning processes.   

1. Introduction 

Preservation of perishable material in archaeology limits our 
knowledge of plant crafts in the past. This is the case of vegetal fibre- 
based objects; although we know they existed, direct evidence is 
scarce (Hurcombe, 2014). While their use is well documented since 
Palaeolithic chronologies (Barber, 1994; Soffer, 2004; Hardy, 2008; 
Kvavadze et al., 2009), the knowledge of this perishable technology 
usually comes from fibre imprints in durable materials such as clay or 
pottery (Soffer et al., 2000; Wigforss, 2014). Although these imprints let 
an approach to the technique used to make these objects, they do not 
allow the species of the raw material to be recognised. The identification 
of plants by the study of indirect evidence is challenging because of the 
lack of reference material, but also because the features shared between 
plants do not permit specific differentiation. 

A wide diversity of plants offers fibre for crafts production, and they 
can be both monocotyledon and dicotyledon families. Moreover, both 
groups are anatomically easy to distinguish observing their cross- 

section. Monocots present scattered vascular bundles all around the 
section, while dicots present their bundles arranged in a ring during the 
secondary growth (Evert, 2006). Fibres from monocot families are 
usually leaves and stems from grasses, cattails, sedges or palms, while 
the dicot fibres are extracted from the stems from different herbs such as 
nettle, hemp, and linen or the bark of trees. The fibres extracted from 
both types, need different processing to be used. Monocots are dried 
after gathering the plant and moisturized closer to their use. Dicot 
families need a more detailed preparation that consists in general terms 
of extracting the bast fibres which corresponds to the phloem fibres of 
the vascular system (Evert, 2006). In this paper we refer to “bast fibres” 
as the fibres obtained from the stems of dicots herbs, and “bark” to cite 
the materials obtained from trees. 

Mesolithic and Neolithic sites from wetlands in northern Europe 
have provided several examples of braided cords and nets. This is the 
case of the nets and cords made of lime tree bark (Tilia sp.) found at the 
Friesack-4 site (Germany; 7700 BCE) (Gramsch, 1992), or those made of 
bark fibres of lime, willow (Salix sp.) and nettle (Urtica dioica) found at 
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the site of Antrea (Finland; 8400–8300 cal BC) (Bender Jørgensen, 1992; 
Miettinen et al., 2008; Wigforss, 2014). Other sites, such as Dejrø and 
Skjoldnæs (Denmark; 6500 BCE) provided strands and twisted nettle 
cords (Bender Jørgensen, 1992; Wigforss, 2014). For Neolithic chro-
nologies, there are noteworthy plant craft remains at the lacustrine 
settlements in Central Europe, such as those in the Circum-Alpine zone. 
They have provided cordage materials from sites like Arbon-Bleiche 
(Switzerland, 3384–3370 BCE) where the materials were made of lime 
tree bark and flax (Linum usitatissimum) (Médard, 2003), and the 
Wetzikon-Robenhausen site (Switzerland, 3700–3300 BCE), where the 
lime tree was also used (Altorfer and Médard, 2000). The cordage re-
mains of these sites documented a diversity of plant raw materials used 
in the production of cordage, mainly bast fibre of dicot families. 

In more southern latitudes, archaeological sites in wetlands and 
lacustrine environments are less common and preservation of the plant 
crafts is rarer. The earliest direct materials known are three partially 
charred fragments of a braided cord recovered in the Coves de Santa 
Maira site (Alacant, Spain; 12,900–10,200 cal BC). The identification of 
the plant fibres showed that they were made of leaves from a Poaceae 
species, more specifically from esparto grass (Stipa tenacissima) (Aura 
Tortosa et al., 2019). The few lacustrine sites in the Mediterranean re-
gion have also provided evidence of Early Neolithic plant crafts. This is 
the case of La Marmotta (Italy, 5690–5260 BCE), which has yielded a 
huge amount of vegetal remains (Bazzanella, 2012; Mineo et al., 2023), 
and La Draga (Girona, Spain; 5207–4862 cal BC), where charred and 
waterlogged plant crafts were recovered (Piqué et al., 2018, Romero- 
Brugués et al., 2021). The present study focuses on the materials from La 
Draga, and their description is given below. In addition, some other 
remains had been recovered in specific scattered archaeological sites in 
the Iberian Peninsula. In chronological order, the archaeological site of 
Cueva de Los Murciélagos (Granada, Spain; 5200–4600 cal BC) should 
also be mentioned. In this case, the materials are preserved by dehy-
dration and consist of an extended collection of organic objects, both 
fibre and wooden based. Regarding the cordage materials, there were 
ropes themselves, but also parts of sandals made of esparto grass (Alfaro 
Giner, 1980, 1984; Cacho et al., 1996). Late Neolithic-Chalcolithic es-
parto grass ropes were also recovered in some archaeological sites in 
southern Spain, where the preservation was basically by carbonization. 
Some of these remains were found in the archaeological sites of Campos 
(Almería), Cueva Sagrada (Murcia) (Papí Rodes, 1992–1994), Cueva de 
Nerja (Málaga), and Sima de la Curra (Málaga) (Jordà Cerdà et al., 
1983), among others. 

Although esparto grass was extensively used in southern and eastern 
Iberia, a greater diversity of raw materials has been documented in the 
north. An example is the Cueva del Moro site (Huesca; 1530–1423 cal 
BC) where an indeterminate monocot and willow were identified in 
fibre-based objects (Alcolea and Rodanés, 2019). Previous studies of La 
Draga site have documented a wide variety of manufacturing techniques 
among the cordage remains (Piqué et al., 2018, Herrero-Otal et al., 
2021; Romero-Brugués, 2022). Despite the huge diversity of vegetal taxa 
identified in palynological (Revelles et al., 2014, 2015; Revelles and van 
Geel, 2016), anthracological (Caruso-Fermé and Piqué, 2014), and 
carpological studies (Antolín, 2013) and the analysis of wooden objects 
(López-Bultó and Piqué Huerta, 2018), monocot and dicot families were 
determined as raw materials for fibre-based cords and baskets (Piqué 
et al., 2018, Herrero-Otal et al., 2021). Plant availability may be an 
important factor for taxa selection but the use of specific families with 
mechanical and physical properties may bear on the technique used in 
production. 

In this work, we present the results of the systematic identification of 
raw materials used for cord production in La Draga, as well as an 
experimental reproduction of these cords considering both their use and 
properties. Through an experimental approach to the manufacturing 
processes, we aim to understand how raw materials were acquired and 
transformed to produce the ropes at the La Draga site in the Neolithic, 
and how the properties of raw materials or cultural preferences were 

considered in obtaining determined typology of objects. This study will 
therefore infer the raw material selection for producing different types 
of cords, previously documented in La Draga, as well as the importance 
of raw material and group standards involved in resultant cords. 

2. Materials 

The archaeological site of La Draga is located on the eastern shore of 
Lake Banyoles at 172 m.a.s.l. in northeastern Iberia (Banyoles, Girona, 
Spain). It has been excavated for more than thirty years and it is 
considered the only evidence of a Neolithic Lake dwelling in the Iberian 
Peninsula (Palomo et al., 2014; Terradas et al., 2017). Two occupations 
are detected at the site: the first one dated in 5309–5247 cal BC related 
to the use of wooden platforms and their successive repairs, and a second 
occupation associated with pavements formed by travertine slabs dated 
in 5207–4862 cal BC (Andreaki et al., 2022). Although it is suggested 
that the real site covers an area of about 15,000 m2, 1000 m2 have been 
excavated and three different sectors have been identified. Sector A is 
found above the water table and organic materials are only preserved 
when they are charred, Sector B/D is located in the water table, and 
Sector C is currently under water but was exposed in prehistoric times. 
Sectors B/D and C have preserved organic materials because of the 
anaerobic conditions (Fig. 1). 

The cordage set analyzed in this study was recovered in the 
archaeological fieldwork from 1998 to 2005 in Sector B, where organic 
remains were conserved by waterlogged conditions. The remains were 
recovered directly in the field or in the later wet-sieving, then cleaned 
and restored by the method of freeze-drying (Piqué et al., 2014). 

The cords were previously technologically analysed and an approach 
to the raw material used was carried out for a few of the remains (Piqué 
et al., 2018). The total sample has 75 remains, including twisted and 
braided cord, two single fibres, a knot and three non-processed rolls of 
liana (Fig. 2). Considering similarities between the individual fragments 
(morphology and technology) and location in the site, several associa-
tions were made, resulting in 22 different registers. Each register cor-
responds to either a single cord element or a group of fragments of 
similar characteristics associated. Although small strand fragments may 
be detached from the larger ones, it was not always possible to relate 
them to specific cord element. Even in the fragmentary state of con-
servation, several morphological and technical features of the remains 
could be observed and measurements were taken (cord and strand size 
and angle of torsion) to describe the process of cord production and 
associations between fragments. The results of this study revealed that 
most of the cords from La Draga were made by twisting, and the 
dominant pattern was S (S z,z), but also the Z pattern (Z s,s,s) was 
recorded, as well as a single case of braided cord (Romero-Brugués, 
2022). The authors also worked on the raw materials used in four of the 
registers (references D01 JJ87-22, D02 JI88-15, D04 JF72-1, and D04 
JI92-9) using an optical and electronic microscope. They identified the 
use of bast stem fibres, lime tree bark fibres (Tilia sp.), and Clematis sp. 
corresponding to a roll of liana, which was not included in the current 
study (Piqué et al., 2018). 

3. Methods 

Twenty-two samples of each reference number corresponding to the 
cords set from La Draga were taken and analysed in this study. Sampling 
archaeological materials is a destructive process, but the current tech-
nologies need samples for analyses. However, due to the fragility of the 
materials studied in this paper, it was possible to use fragments detached 
from the materials during the excavation and conservation processes, or 
even during their storage, so no further damage was caused to the 
archaeological objects. Besides, only small fragments are needed for this 
study. 

Although the restoration processes add rigidity to the objects, they 
change the properties of the organic remains and hamper the sampling 
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and the anatomical analysis of the fibres. For this reason, it is preferable 
to sample the objects before the application of consolidants. The cordage 
remains from La Draga were excavated many years ago and were 
consolidated after the excavation; for this reason, sampling for this study 
was carried out on restored material. Even though Polyethylene Glycol 

(PEG) treatment was used, a dry cutting method breaking the samples by 
hand or with a razor blade offered quality surfaces to be observed 
microscopically both optically (OM) and by scanning electron micro-
scope (SEM) to obtain better-quality images. In this sense, transversal 
and longitudinal surfaces of the samples were used for identifying the 

Fig. 1. Location of La Draga archaeological site in the North-East of the Iberian Peninsula. Details of the excavation sectors, Sector B is highlighted in green. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

Fig. 2. Cordage remains from La Draga: a) roll of S z,z twisted cord (reg. D04 JI92-9); b, c) S z,z twisted cords (regs. D05 JJ92-16 and D05 R-8); d) S z,z twisted cord 
(reg. D02 KA88-14); f) braided cord (reg. D98 JF86-13); e) Z s,s,s twisted cord (reg. D01 KA87-27) (modified from Piqué et al., 2018). 
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raw materials used. The OM analyses were performed using a reflected 
optical microscope for the opaque samples, and a transmitted light mi-
croscope for samples mounted in slides, at the Archaeobotanical Labo-
ratory of the Department of Prehistory at the Universitat Autònoma de 
Barcelona (UAB). Olympus BX51 and Olympus BX43 microscopes 
coupled with an Olympus DP26 camera and linked to Olympus cellSens 
software were used. The SEM analysis was conducted at the Microscopy 
Services in the same university. The samples were mounted on stubs 
using double-sided carbon tape and coated with a 15 nm layer of gold 
using an Emitech K550 Sputter Coater Unit and were examined using a 
Zeiss EVO® MA 10 SEM. 

Vegetal identifications were based on anatomical and histological 
descriptions of the archaeological samples compared with contemporary 
species identified around the site by other archaeobotanical and 
ecological studies. This also implies the use of a local and specific 
reference collection of modern plants, the consideration of historical and 
popular knowledge, and the use of specific microanatomical atlases of 
plant histology and physiology, and other accessible reference 
collections. 

Experimental archaeology is a basic methodological tool that enables 
quantitative and qualitative variables to be recorded and provides 
empirical data. It has an important role in understanding the techno-
logical parameters involved in the diversity of activities and makes it 
possible to connect the past and the present. The research group working 
on La Draga site has a long tradition and expertise of working on 
experimental archaeology regarding the materials recovered on the site 
(Palomo, 2012; Palomo et al., 2021). The experimentation followed in 
this paper was focused on testing the ways that archaeological materials 
were produced and assessing the function of the tools. In this sense, 
ethnography is essential to formulate a hypothesis of the ways of pro-
duction and functionality of cordage. Regarding vegetal fibre use, 
experimental archaeology includes the raw material selection, the 
preparation of the fibres and, the production of the final objects, as well 
as the use of other elements. The diversity of production processes fol-
lowed by each artisan, who may not use the same tools, techniques and 
materials, is quite challenging for applying experimentation. In the 
current paper, an experimental approach was applied to reproduce the 
fabrication of the cords, measuring different aspects such as the raw 
material, the replicated product (measurements and twist typology), the 
time devoted to their production, the tools needed, and the number of 
people necessary to produce the cord. 

4. Results 

4.1. Raw material identification 

Regarding the 22 samples, 18 were identified as dicotyledon fam-
ilies, and in a single case, both types (dicotyledon and monocotyledon) 
were used. Features were not clearly visible to identify 3 of the remains 
(Table 1). Two types of dicot fibres were identified in cordage produc-
tion in La Draga. Tree bark strips were identified in 16 remains, whereas 
bast fibres were identified in 2 of the remains. 

Through OM, the second phloem is visible in the transversal section 
of bark strips. Alternate layers of fibres with the sieve tubes and 
parenchymatic tissue with expanding cells are visible (Fig. 3a). The 
longitudinal section permits the observation of different rays immersed 
in the parenchyma tissue (Fig. 3b). Fig. 3c and 3d show the same fea-
tures but observed in an electron microscope. The features observed are 
similar to those lime tree fibres (Tilia sp.) The only monocot identified in 
the current study was identified by the isolated vascular bundles visible 
in the transversal section of the sample (Fig. 3e). It corresponds to a leaf 
of Poaceae, which is also confirmed on its surface where round 
epidermal cells are visible (Fig. 3f). 

In two cases, bast fibres were identified. They present long and thin 
fibres with cross-sections inside (Fig. 3g). These cross marks are easier to 
observe under polarization (Fig. 3h). These are distinctive features of 

bast fibres: the fibrous material from the stem of dicotyledons such as 
flax (Linum sp.), hemp (Cannabis sativa), nettle (Urtica sp.), jute 
(Corchorus capsularis) and ramie (Boehmeria nivea), among others. Some 
of these species are out of the context studied in the present paper, so 
they have not been taken into consideration. In this sense, hemp, flax, 
and nettle are difficult to distinguish because of their similarity in 
appearance, but several researchers have focused their studies on bast 
fibres differentiation (Bergfjord and Holst, 2010; Haugan and Holst, 
2014; Lukešová et al., 2017; Suomela et al., 2017; among others). 
Regarding the materials in this study, one of the remains (D02 JI88-15) 
was identified as bast fibre in previous studies (Piqué et al., 2018), but 
no more information could be described. Even so, visible features in 
fibres from sample D04 JI92-9, such as the cross marks, their measure-
ments, and the direction of the microfibrillar structure, suggest this 
remain was made of nettle. 

Unfortunately, anatomical features were not clearly visible to iden-
tify three of the samples. This may be related to taphonomic processes 
which acted on the materials for thousands of years, as well as the 

Table 1 
Cords typology and raw material used.  

Register Typology (Piqué 
et al., 2018) 

Technology Raw material 

D98 JF83- 
4 

- - Dicotyledon Tilia sp. 

D98 JF86- 
13 

Cord Braided Dicotyledon Tilia sp. 

D98 
JG85- 
29 

– – Non-identified Non- 
identified 

D01 JJ87- 
22 

String S Dicotyledon* Tilia sp.* 

D01 JJ87- 
7 

String Z and S Dicotyledon Tilia sp. 

D01 
KA87- 
13 

String S Dicotyledon Tilia sp. 

D01 
KA87- 
22 

String S Dicotyledon Tilia sp. 

D01 
KA87- 
27 

Cord 
String 

Z s,s,s 
S 

Dicotyledon 
Dicotyledon 

Tilia sp. 
Tilia sp. 

D01 
KA87- 
32 

– – Non-identified Non- 
identified 

D01 
KB87- 
15 

String S S Dicotyledon Tilia sp. 

D02 JI88- 
15 

Fibre – Dicotyledon* Bast fibre* 

D02 
KA88- 
14 

Cord S z,z Dicotyledon Tilia sp. 

D02 
KA88- 
15 

String S Dicotyledon Tilia sp. 

D02 
KA89- 
21 

String S Dicotyledon Tilia sp. 

D02 
KA89-5 

String S Dicotyledon Tilia sp. 

D02 
KA89-8 

String S Non-identified Non- 
identified 

D02 
KB90-7 

String S Dicotyledon Tilia sp. 

D03 
JH85-6 

String S Dicotyledon 
Monocotyledon 

Tilia sp. 
Poaceae 

D04 JI92- 
9 

Roll of cord 
Knot 

S z,z 
- 

Dicotyledon* 
- 

Probably 
Urtica sp.* 
- 

D05 JJ92- 
16 

Cord S z,z Dicotyledon Tilia sp.  

* Samples identified in Piqué et al. (2018). 
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consolidation processes they were subjected to. As mentioned above, 
sampling the materials before the restoration processes is essential for 
the following analyses, and this should be highlighted. The use of con-
solidants, such as PEG or Paraloid®, makes the identification more 
difficult. They affect the surface of the samples and produce a bright 
layer hiding anatomical features which must be visible for the identifi-
cation of raw materials (Fig. 4). 

4.2. Experimental cordage production with the bark of Tilia sp. 

Since most of the cords from La Draga were made using lime tree 
bark, we selected this raw material for the experimental approach. Tilia 

cordata was used because it is the lime tree species available in the 
surroundings of the site. The experimentation consisted in producing a 
2-ply cord with S-twist (two-strand cord S z,z) which is represented in 
almost four individualized cords from the site. Characteristics of remain 
D02 KA88-14 were the ones replicated during the experimental 
approach. It presents a Z-spun twisting of each strand, and a final S- 
twist, 5 mm thickness and 3 twists per centimetre (approximately). A 
rope-making tool, similar to the bone tools recovered at the site, was 
used for the production process. This is a fragment of a cow long-bone 
shaft with two holes. Use-wear analysis on it has been carried out and 
is part of another research line and will not be developed in the current 
paper. 

Fig. 3. Archaeological samples from La Draga: (a, b) transversal and longitudinal view of Tilia sp. bark with OM; (c, d) transversal and longitudinal view of Tilia sp. 
bark with SEM; (e, f) probably Urtica sp. fibres with OM and polarised the light; (g, h) transversal and epidermal view of a Poaceae leaf with OM. 

Fig. 4. Microscopy images showing consolidants affectating the observation of the samples. Arrows show where the products are present: (a) OM; (b, c) SEM.  
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The raw material used in the experimentation was gathered during 
the early summer (month of June) from branches of Tilia cordata tree. 
The bark was stored and let dry until the cord was produced during the 
month of September. The raw material was submerged in water for 
approximately 12 h until it was soft enough to be manipulated. A piece 
of 130x4 cm of bark was stripped into thin threads by the hand and by 
using a sharp tool which allowed to obtain thinner strips (Fig. 5a, 5b). 
The preparation of the threads involved four people. Finally, the strips 
obtained were used to produce an S z,z cord with a rope-making tool, 
which needed the participation of three people. Two of them carried out 
the manual twisting of each strand (Z-spun) while the third person 
made, at the same time, the torsion of the two strands creating the cord 
(S-twist) (Fig. 5c). The function of the holed tool was to tighten the cord 
after each twisting movement which helps in the final cord production. 

The resultant cord measured 6 m long and 6–7 mm thick (Fig. 5d, 
5e). The cord production lasted approximately an hour and a half from 
the very beginning of stripping the fibres in small units. This first part 
was about 25 min, and one hour to twist 6 m of cord. 

5. Discussion 

5.1. The raw materials 

The palaeoenvironment at La Draga is one of the best-known in the 
Iberian Peninsula because of the preservation of organic materials at the 
site. The identification of plants used for craft productions provides new 
data about the past landscape and complements previous archae-
obotanical studies. The vegetal species identified in the current study are 
compatible with the results of previous data regarding the past vegeta-
tion that surrounded the settlement and the evidence of plant use for 
fibre-based craft production by the population of the site. 

Regarding the use of lime tree bark, its regional availability was 
detected by palynological (Revelles et al., 2014, 2015; Revelles and van 
Geel, 2016) and carpological (Antolín and Buxó, 2011) studies at the 
site. Moreover, the study of the baskets found in the site in very similar 
conditions to the materials analyzed in this paper also detected the use 
of lime tree bark for stitching three of the eight identified coiled baskets 
(Herrero-Otal et al., 2021). In addition, an unshaped fragment of wood 
of Tilia sp. was also identified. Thus, the archaeobotanical data confirms 

the availability of Tilia sp. in the settlement surroundings during the 
Neolithic. Today, the lime tree family is represented by Tilia platyphyllos 
and Tilia cordata in the proximities of Lake Banyoles. The fact that lime 
tree bark appear in a large part among the fibre-based crafts suggests a 
selection and particular use of this natural resource in the archaeological 
site of La Draga. 

Due to the volume, strength, and pliability of its fibres, lime has been 
one of the most important material sources in Europe. The selection of 
this material has been usually determined by practical factors such as 
suitability and availability similar to other plants like oak (Quercus sp.), 
juniper (Juniperus sp.), and willow, which have also been used since 
antiquity. The use of lime as fibres supplier has been detected in several 
locations since Mesolithic chronologies as in the Antrea site (Finland, 
8400–8300 cal BC), where net fragments made with twisted cords and 
other typologies were found (Bender Jørgensen, 1992; Miettinen et al., 
2008; Wigforss, 2014). Similar examples of twisted cords forming fish-
ing nets and braided cords were recovered in the Friesack-4 site (Ger-
many, 7700 BCE) (Gramsch, 1992) made with the same material, or the 
fishing nets and string at the site of Zamostje-2 (Russia, 7000–5400 cal 
BC) made of dicot families (Berihuete-Azorín et al., 2023). Nonetheless, 
some of the elements found in these two sites have also been identified 
as the bark of other trees, such as willow, or bast fibres like nettle. Ex-
amples of twisted cords made with lime fibres are those S-twisted from 
Wetzikon-Robenhausen (Switzerland, 3700–3300 BCE), the Z-twisted 
from Arbon Bleiche (Switzerland, 3385–3370 BCE) (Altorfer and 
Médard, 2000), and the ones associated with the Tisenjoch Iceman 
(Junkmanns et al., 2019). 

Considering that bast fibre use is well documented since Palaeolithic 
chronologies, flax is not documented until the second half of the 6th 
millennium cal BC in the Iberian Peninsula (Peña-Chocarro, 1999; 
Pérez-Jordà and Carrión-Marco, 2011; Rovira, 2007; Stika, 2005); thus 
there was no evidence of flax cultivation in La Draga. Regarding the use 
of bast fibres in La Draga, nettle was available in the palaeoenvironment 
around the site (Antolín, 2013; Antolín and Buxó, 2011). There are 
different ways to obtain the fibres from stems of plants. The traditional 
way of extraction may differ depending on the specialization of the ar-
tisans. However, they are similar and consist of harvesting them 
manually and defoliating the stems (by dehydration or by hand), which 
makes the stem touchable and workable. But the material can be rinsed 

Fig. 5. Experimental approach: (a) wide strips of lime tree bark; (b) lime tree bark after stripping; (c) S z,z cord making with a rope-twisting tool; (d, e) the final rope.  
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and ret for the same purpose. Then, the fibres can be manually extracted 
by breaking the bark parts from the stem by barking with different ob-
jects such as a wooden mallet and schutching the fibres. The resultant 
soft and resistant fibres are ready to be used for making different objects 
(Andersson Strand, 2012; Viotti et al., 2022). 

Although we have no archaeological evidence, ethnographical and 
experimental data reveal that raw materials used for crafting with fibres 
can be dried from harvesting to the moment of manufacturing the ob-
jects. This is a way to prevent materials from shrinking as they dry out, 
avoid loss of quality, and facilitate their handling. This dehydration of 
the materials means that the time of harvesting and procurement of the 
material is not necessarily related to the moment when the implements 
are manufactured. The bark strips can be stored for long periods, and 
just need to be slightly rehydrated before manufacture. This allows a 
delay in manufacturing the implements, after harvesting and gathering 
the plants when they have reached the optimal quality (Wendrich and 
Ryan, 2012). 

The availability of raw materials in the immediacies of the site and 
the functional analysis of objects found suggest a local production fibre 
crafting in La Draga. Use-wear studies detected that awls, needles, 
spindles and combs were used for processing fibres in La Draga (De 
Diego et al., 2017, 2018; De Diego, 2023), and Mytilus galloprovincialis 
seemed to be used for similar purposes (Clemente and Cuenca, 2011), as 
well as some other lithic pieces (Gibaja, 2011). Moreover, several bone 
tools recovered at the site could act as thread tensioners. They are 
fragments of bone shafts with two holes similar to those used in our 
experimentation. 

The twisting technique is predominant in the cordage set from La 
Draga, where a single piece of braided cord was recorded. Moreover, S- 
twist is more common than Z-twist (Piqué et al., 2018, Romero-Brugués, 
2022). S z,z is the predominant twisting pattern and lime is used in most 
of the cords examples from La Draga. The only cord that does not present 
this pattern is the only 3-ply cord with Z s,s,s torsion. There are no 
differences between S-twist and Z-twist cords regarding their size and 
type. Table 1 shows the non-selection of the raw materials used for each 
type of cord, either two or three strands, twisted or braided. Lime tree 
seems to be used indistinctively regarding the typology of the technol-
ogies used for cords and their thickness. Lime was the main raw material 
and the most versatile according to the variability of cords made with 
this material. 

Although the presence of a preferable torsion pattern could be 
related to the raw material used in cord production and the direction the 
fibres adopt when they are twisted, several researchers demonstrated 
ropes twist direction is directly related to cultural influence (Carr and 
Moslowski, 1995; Johnson and Speedy, 1992; Petersen and Wolford, 
2000). As an example, Minar (2001) demonstrated a wide range of 
factors are involved in the final cord considering cultural material fac-
tors as learning processes, so the transmission of specific attributes. 
Three different hypotheses to explain the final direction of twist in 
cordage remains from the Alachua culture (north-central Florida). These 
scenarios consider the spinning method, the type of fibre, and the 
handedness. After the pertinent observations, the three scenarios were 
rejected, and the study concluded with the premise that it exists a 
preferable twisting related to community practice and learning pro-
cesses within a community related to a common learning origin in the 
different individuals. Thus, cordage production processes may be con-
servative within a group because of cultural preferences (Minar, 2001). 
We assumed this is what happened in La Draga. There should be 
culturally preferred standards that made most of the cords of the site 
were made with the same technique and pattern. 

The single object which presents a different raw material, probably 
Urtica sp., is the case of the roll of cord which had been related to a 
bowstring function. This register was found near three fragments of 
bows on the site, and although it was not tied to the wooden weapon, 
authors suggested it could be used as a bowstring (Piqué et al., 2015; 
2018). The measurements of the length and thickness enhance this 

possibility, as well as its similarity to the twisted bowstring of the 
Tisenjoch Iceman, although it was made of different raw materials. The 
use of nettle has been documented in other Neolithic contexts, like the 
Sweet Track site (England; 4000–3500 BCE), where nettle was used 
without much pre-treatment (Edom, 2019). 

5.2. Cord production 

The experimental approach to cord production allowed us to deter-
mine the amount of raw material needed to produce the cord, the time 
involved in the different steps, and the technique needed to obtain a cord 
with homogeneous thickness. 

The acquisition of strips from lime tree is complex (Médard, 2008; 
Myking et al., 2005). It generally consists of cutting the branches in the 
spring or early summer, when the tree has reached its maturity, leaves 
have grown to full size and the bark is easily removable thanks to the sap 
which has risen. The material is usually obtained from young lime trees 
or new straight shots resulting in thicker branches of old pollarded or 
coppiced trees because this influences the fibres quality. The bark is 
stripped or removed from the wood and submerged in freshwater or 
seawater for several weeks for retting: soaking to make it softer by 
bacterial decay and pectin and lignin degradation. This induces the 
natural fibres separation in layers. Nevertheless, some experimental 
archaeology works suggest the use of inner bark without retting for craft 
purposes. 

There is no evidence for the bark strip acquisition process in La 
Draga, where only final products have been recovered. The absence of 
Tilia sp. in the charcoal remains and its scarce presence among the 
wooden remains suggest that inhabitants from of La Draga transported 
just the strips to the site. Even so, stored bark strips have not been found 
at La Draga. 

The results of our experimentation demonstrate the amount of raw 
material needed and the time invested in producing a S z,z cord 6 m 
long. A piece of lime bark130x4 cm in size was necessary, previously 
immersed in water. In this way, the preparation of the threads can be 
done easily by hand, although the use of a sharp tool can help to obtain 
thinner threads. The use of the bone rope-making tool for tightening the 
cord allowed us to obtain a homogeneous thickness and maintain the 
torsion angle and rigidity. Similar items are known since Palaeolithic 
chronologies, such as the one found in a cave in Swabian Jura in Ger-
many (Conard and Malina, 2016). 

Although a cord can be made by a single person, the use of this sort of 
tool required the cooperation of three people, but less time is consumed. 
The presence of a perforated diaphysis at La Draga, suggests that cord 
production could have been carried out with this item. This hypothesis is 
confirmed by use-wear observed on the tools, demonstrating their effi-
ciency (De Diego, 2023). The time required to produce a cord from the 
very beginning of the process (excluding the acquisition of fibres), was 
approximately an hour and a half. However, three or four people were 
involved in the process. 

6. Conclusions 

The Early Neolithic site of La Draga, an archaeological settlement in 
the Iberian Peninsula, has provided one of the oldest fibre-based as-
semblages thanks to the preservation conditions at the site. The raw 
material used for cordage production has been identified systematically 
here. The importance of sampling the vegetal-based materials after their 
recovery and before their consolidation should be emphasised, to 
improve and facilitate the identification of their nature, as well as the 
performance of other studies. 

The results showed an almost total selection of lime bark (Tilia sp.) 
and nettle stem fibre (Urtica sp.) to produce different types of cords, both 
twisted and braided. In a single case, a fragment of Poaceae was detected 
but it seems to be a fortuitous case. Previous archaeobotanical studies 
have identified the presence of these plants in the immediacies of Lake 
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Banyoles in Neolithic chronology, so they were available raw materials 
from the surroundings of the site. This, together with other use-wear 
analysis, suggests a local production of the cords in La Draga. Cultural 
standards related to traditional or common learning processes should be 
involved in a predominant S-twist typology of cord examples. 

Moreover, contextualization with other Neolithic cord remains, 
which is limited by the scarcity of known examples, shows that the 
variability in the materials is similar to that at other sites in Europe, but 
different from southern latitudes, as it also occurs with basketry re-
mains. Regarding the functionality of the cords in relation to the raw 
material used, no specific pattern was detected, except for the use of 
nettle to make what is considered a bowstring. 

The experimental approach was performed to replicate the elabo-
ration of cords regarding the raw material selection, their processing and 
the final cord production. This aimed to replicate cord-making at La 
Draga by measuring such aspects as the time consumed, the tools 
needed, and the number of people necessary to produce a cord, among 
others. These experimental programmes may help to understand crafts 
production processes which took place in the past and give us an over-
view about which aspects may be considered. 
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Terradas, X., 2022. Absolute chronology at the waterlogged site of La Draga (Lake 
Banyoles, NE Iberia): Bayesian chronological models integrating tree-ring 
measurement, radiocarbon dates and microstratigraphical data. Radiocarbon 64 (5), 
907–948. 

Antolín, F., 2013. Of cereals, poppy, acorns and hazelnuts. Plant economy among early 
farmers (5500–2300 cal BC) in the NE of the Iberian Peninsula. An archaeobotanical 
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l’archéologie. https://doi.org/10.4000/nda.602. 

Miettinen, A., Sarmaja-Korjonen, K., Sonninen, E., Junger, H., Lempiäinen, T., 
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