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Late Neolithic plant economy north of the Alps

Research on Late Neolithic agriculture and wild plant gathering (dur-
ing the last third of the 4th millennium cal. BC) has been intensive in
the Alpine Foreland (Jacomet 2009; Jacomet and Brombacher 2005; Ja-
comet et al. 2016). This is particularly true in connection to lakeside set-
tlements, with their extraordinary preservation conditions that allow for
large amounts of plant remains to be preserved in an uncharred state,
having an enormous interpretive potential (e.g. Jacomet 2013). Despite
one might think that our knowledge on this period can hardly be im-
proved, recent research at the site of Zürich-Parkhaus Opéra (from now
on ZHOPE) meant a step forward in our understanding of Late Neolithic
plant economy in the region and prove that a lot of further potential is
hidden in those waterlogged deposits. A big part of this step forward
was achieved by implementing methods of systematic analysis that are
the result of a constant revision of the procedures followed in previous
research with the goal of achieving a standardised methodology that al-
lows the best results possible with a reasonable time frame. The aim of
this paper is to present some of the main contributions of the work done
to date and some hints of what further research on this site will provide
in coming years.

What is then actually known about plant economy in the last centuries of
the 4th millennium cal. BC? We will focus our statements on the Western
Alps, since research north the Austrian Alps is not yet in a good state (Ja-
comet, 2006), although significant improvements are expected from run-
ning projects. At a chronocultural level, this period is within the so-called
Horgen Culture (ca. 3400–2850 cal. BC) in the region between western
Switzerland and lake Constance (see e.g. Jacomet 2007).

One of the drawbacks of previous research is the quality of sampling and
the representativeness of the analyses, which, for several reasons, was of-
ten limited (see an overview in Jacomet and Brombacher 2005). The site
of ZHOPE, with two Horgen settlement layers (no. 13 and 14) spreading
over large areas, was the perfect scenario for implementing an ideal sur-
face sampling program and target many of the questions that had since
long (e.g. Jacomet et al. 1989) been formulated.

Agriculture during the period between 3400 and 3000 cal. BC involved sev-
eral cereals, mostly naked wheat (typically of the tetraploid type, Triticum
durum/turgidum), emmer (Triticum dicoccon), and barley (mostly of the
multi-rowed naked type, Hordeum vulgare). Besides, pea (Pisum sativum),
flax (Linum usitatissimum), and opium poppy (Papaver somniferum) were
also cultivated. It was emphasised in previous work that pea (Pisum
sativum) must have been regularly cultivated, but that it was underrepre-
sented in our records (partly due to the difficulties in the identification of
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uncharred fragments of pea pods) and therefore impossible to establish
its importance in the economy (Brombacher 1995, 1997; Brombacher and
Jacomet 1997; Favre 2002; Hosch and Jacomet 2004; Jacomet 2006, 2009).
Only at Hornstaad Hörnle I, a site in lake Constance that dates ca. 3900 BC,
were concentrations of uncharred pea pods found (Maier 2001), mainly
because they were very well preserved. Even at Torwiesen II, a site located
nearby lake Federsee in Germany and dated to ca. 3300 cal. BC and stud-
ied by the same researchers, no remains of pea pods were found (Maier
and Herbig 2011). This problematic was directly approached during the
analyses of ZHOPE and the criteria for identification of legume pods (prob-
ably pea pods, but with an unsure identification to species level) were fi-
nally established. This was too late for the first analyses of layer 13, and
they were only properly quantified for layer 14 (and in the second phase
of analyses of layer 13).

Flax could have been mostly used to gain oil, according to some re-
searchers who observe a correlation between the finding of capsule frag-
ments and seeds. This type of assemblage would be the residue of oil
production that could have potentially been given to animals as fodder.
The use of plant oil (likely from opium poppy and probably also from flax)
to treat antler tools was proven by organic residue analysis ZHOPE (Span-
genberg et al. 2014). At Arbon Bleiche 3, a site dated to ca. 3400 cal. BC
and located at the southwestern shore of Lake Constance, it seems that,
in addition to their use for production of oil, also seeds would have been
consumed on their own, since large accumulations of capsule fragments
were found in intervening spaces between houses (Hosch and Jacomet
2004). Spindle whorls were found in most houses at Arbon Bleiche 3, so it
is assumed that weaving took place in all of them, but probably not from
flax, which requires a very intensive processing. Most of the textile frag-
ments found at the site come from lime bast fiber (Hosch and Jacomet
2004).

The importance of flax and opium poppy during this phase, together with
the increase of importance of emmer in relation to naked wheat, has been
connected to an impoverishment of the soils. There are further hints for
this, such as the weed spectra of some of the investigated sites in lake
Zürich, including taxa such as Vicia tetrasperma, Euphorbia exigua, and Tri-
folium arvense (Brombacher and Jacomet 1997). Other possibilities have
also been proposed, such as a lower influence of southwestern groups
on the economy of the Horgen Culture. This could also eventually explain
the lower amounts of naked wheat found towards the end of this period,
in favour of emmer and flax (Jacomet 2006), considering the fact that
naked wheat does not seem to be an important crop further east (Kohler-
Schneider 2007; Kohler-Schneider and Caneppele 2009). It must be noted,
though, that an increase in hulled wheat agriculture is also observed in
the Jura region (Schaal and Petrequin 2015) and in other regions of par-
ticularly northern France (Martin et al. 2016). At the same time, there is
indication of an intensification of farming in this area, with more weeds
typical of winter-sown fields that would be kept fertile over long periods
(Jacomet et al. 1989).

Regarding edible wild plants, the large amounts of diaspores recovered
in lakeshore sites has been the basis to propose that gathered plants
made an important contribution to human diet in the Neolithic. Pre-
vious modelling work concluded that between 20 and 50 per cent of
the daily calories were obtained from wild plant resources (Gross et al.
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1990). Calculations from the site of Arbon Bleiche 3 based on the total
amount of remains found in the analysed samples, concluded that up to
ca. 50 per cent of the caloric intake from plant resources would come
from wild plants. For these calculations hazelnuts (Corylus avellana) and
acorns (Quercus sp.) were used (Hosch and Jacomet 2004). The TKG (thou-
sand grain weight or Tausendkorngewicht) was used to calculate the total
amount of weight (and therefore calories) represented by the different
taxa in Arbon Bleiche 3. The results were as follows: barley: 1 per cent;
emmer: 8 per cent; naked wheat: 22 per cent; flax: 28 per cent and opium
poppy 1 per cent; hazelnuts 35 per cent; and acorns 2 per cent.

Other important gathered plants could have been wild apples/pears (Mal-
oideae) and bramble/raspberry (Rubus fruticosus/idaeus), among others.
Large concentrations of hazelnut shells have been found in several sites,
such as in House 14 in Arbon Bleiche 3 (Hosch and Jacomet 2004) or in
Horgen Scheller, a site located south of Zürich, on the western shore
of Lake Zürich (Favre 2002). Similarly important concentrations of crab-
apples are known from the Horgen layer 3 of Mozartstrasse (Jacomet
et al. 1989), in Lake Zürich. Some taxa could have been favoured by a
higher human impact on the landscape during the Late Neolithic, and
this could explain the increase of sloe fruits (Prunus spinosa) (Brombacher
1995, 1997). Hazelnuts and crab-apples have also been reported as be-
ing extremely abundant further east (Kohler-Schneider 2007). The role of
some of these plants in human diet is not clear though, particularly for
acorns and achenes of beech (Fagus sp.), although it seems plausible that
they were gathered and stored for human consumption (see discussion
in Hosch and Jacomet 2004). A significant negative correlation between
acorns and hazelnuts in Horgen Scheller was also interpreted as evidence
of the use of acorns as fodder at the site (Favre 2002).

This paper will present some of the most relevant outcomes of the ZHOPE
project so far, and some of the fields in which current and future research
at the site will focus:

▶ Basic methodological aspects: sample volume, sieving strategies,
quantification methods, etc.

▶ Approach to the role of certain resources that had been to date un-
derrepresented in the studies: large-seeded wild plants in general
and domesticated pulses

▶ Use of GIS for the identification of activity areas at the site
▶ Detailed dietary analysis based on the total number of fruit remains

from the full range of crops and edible wild plants present at the site.

The aim of this paper is to share some of our experiences regarding
these aspects, without aiming to demonstrate each of the statements
proposed, since most of them have been treated in other publications
that will be quoted as a guideline for further research on each topic.
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The site of Zürich-Parkhaus Opéra. The sampling and
sieving strategy

Zürich-Parkhaus Opéra (ZHOPE) is located in the northern shore of lake
Zürich (Switzerland) (Figure 1). It was a large excavation of over 3000 m2

that took place during 2010 and 2011 (Bleicher and Harb 2015). Up to
8 settlement phases were detected in this area. This study is based on
the samples from the two Horgen layers number 13 (dendrodated to
3176–3153 BC, representing one settlement phase of no more than 25
years) and number 14 (dendrodated to ca. 3090 BC, of unknown dura-
tion) (Bleicher and Burger 2015). The preservation of both layers was not
comparably good, being layer 13 better preserved over a larger surface,
while layer 14 was well preserved in a smaller area (Figure 2). This was
tested through a taphonomic analysis of plant macroremains as indica-
tors of layer formation processes (Antolin, et al. 2017). Both layers are
strongly organic and contain large amounts of plant remains, including
lignified and non-lignified tissues such as leaf blades. A total number of
27 constructed features and a fence were identified for layer 13 and 9
constructed features for layer 14 through dendrochronological analyses
(Bleicher and Burger 2015).

Having a multi-phase lakeshore site representatively sampled involves
more revision and controlling than most of dry sites. In this particu-
lar case, house plans cannot be defined during fieldwork or soon after
it. They require dendrochronological analyses, which may take several
months, if not years, to be conducted. In the meantime, all the informa-
tion that is available for archaeobotanists is the information connected to
the sample, if the samples were recorded in a database, and the sample in
itself. For this reason, the nature of the sediment samples was described
before sieving and they were later assigned to the part of the layer from
which they had been obtained (base, intermediate or top position), rely-
ing on the field documentation. Following previous research, it was the
aim of our sampling strategy to obtain up to 8 samples per habitation unit
or construction unit (Hosch and Jacomet 2001), a reasonable number of
samples from intervening spaces between houses, as well as from differ-
ent types of sediments (loam-rich, organic-rich, sandy-rich) and special
features such as burnt layers (for the latter, for instance, it was estab-
lished that 10–20 samples were enough to characterise their homogene-
ity/heterogeneity (Jacomet et al. 1989). Deciding which samples had to
be analysed was therefore a multi-step process that started with a sys-
tematic type of interval sampling (1 sample every second meter from the
parts of the site that were excavated in detail), and it was continued with a
more targeted sampling oriented to the obtention of enough samples per
constructed unit and particularly enough samples from the intervening
spaces between houses and the burnt layer. This strategy was only possi-
ble because ca. 2000 samples were taken during fieldwork, systematically,
every second meter. Those samples are still today stored in a dark storage
facility under constant fresh conditions in case some further sampling is
needed. Had it been organised otherwise, there would not have been any
chance to go back and expand the sampling strategy upon request.

The sampling and sieving strategy was described in previous publications
(Antolín et al. 2017a,c, 2015; Steiner et al. 2015, 2017). Its main goal was
overcoming two traditional limitations in most previous investigations.
Firstly, having the whole surface of the site sampled and that the volume
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Figure 1: Location of the site at a wider scale
(above) and in the northern shore of Zürich
lake (below) (Antolín, et al. 2016).

of the samples was enough to have not only small-size plant remains
(such as cereal chaff or flax seeds) but also large-size seeds and fruits
(such as acorns, hazelnuts, and charred grain) in a representative num-
ber. Secondly, it was our aim to establish a methodology that could be
used in other similar sites with good preservation and not particularly
thick cultural layers (i.e. less than 40 cm). This methodology should aim
for excellent results in the shortest time span possible. Several tests were
performed to improve our methods (Antolín et al. 2017a,c, 2015; Steiner
et al. 2015, 2017). The wash-over technique combined with a freeze-thaw
pre-treatment (Vandorpe and Jacomet 2007) was used in order to recover
plant diaspores, including the most fragile ones which can get destroyed
during regular water sieving (Hosch and Zibulski 2003). Each master sam-
ple was subdivided into two sub-samples: one of ca. 3 L (the so-called A-
samples) for large-seeded remains, to be sieved down to 2 mm; and one
of ca. 0.3 L (the so-called B-samples) for the small seeded remains, to be
sieved down to 0.35 mm. Despite the risk of obtaining slightly biased re-
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Figure 2: Samples taken at ZHOPE. Red dots indicate A-samples, yellow dots A- and B-samples (Antolín, et al. 2017).

sults in the smallest subsample, this allowed reducing the sieving time for
large samples and as well as deciding which samples were needed in or-
der to record small-sized remains representatively. In total, 256 samples
(123 of which were sieved down to 0.35 mm) of layer 13 with a total vol-
ume of almost 1000 L were investigated until 2016 (average sample vol-
umes of 3.8 L), while new analyses are still unpublished (ca. 60 additional
A- and B- samples). The data regarding large-seeded plant remains refers
to the total number of samples, small-seeded plant remains were exclu-
sively analysed in the 123 samples mentioned above. Regarding layer 14,
53 samples were sieved and 33 of them down to 0.35 mm.

ArcGis (ESRI 2010) was used to represent on the site plan the densities of
plant remains obtained per sample by means of graduated symbols with
sizes defined by the Jenks natural breaks classification method (Jenks and
Caspall 1971).

Methodological observations towards a better
comparability of the data

It was observed during research at ZHOPE that instruction files for all the
steps in the sample preparation and process of analysis need to be writ-
ten before the project starts. This is the only way to provide the same
detailed instructions to the whole team. Even in these ideal conditions,
inconsistencies take place and for this reason sieving tests need to be
carried out when multiple operators work in parallel (Steiner et al. 2015).
It was repeatedly observed that what is quantified in each fraction is of
major importance for the comparability of the data and different tests
(Antolín et al. 2017c; Steiner et al. 2015, 2017) allowed defining a set of
counting units in each fraction (Table 1). This is only to be applied in sim-
ilar large-scale studies, and not for the most common monolith samples
or profile samples.
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Table 1: Recommended guidelines for the recording of botanical macroremains (currently used in the analysis of Parkhaus-Opéra) (Antolín et al.
2017c). p/a stands for presence/absence.

Taxa/type of re-
main

State of
preservation

Counting unit Quantification (2mm fraction)

A-samples B-samples
Cereal grains charred with embryo full full (only when no A-Sample

is analysed)
Cereal bran waterlogged >2mm with hilum full full (only when no A-Sample

is analysed)
Cereal chaff waterlogged

and charred
glume bases
(glume wheat) or
rachis segments
(naked wheat
and barley)

full full

Flax (Linum usitatissi-
mum) capsules

waterlogged
and charred

≥2 capsule frag-
ments, with api-
cal ending

full full; single capsule frag-
ments with apical ending

Flax (Linum usitatissi-
mum) seeds

waterlogged
and charred

with hilum semi (only when no 0.35mm
fraction is analysed)

full

Opium poppy (Pa-
paver somniferum)
seeds

waterlogged
and charred

whole seeds or
halves

p/a (only when no 0.35mm
fraction is analysed)

full

Amorphous charred
objects

charred >5mm full full

Rubus fruits waterlogged
and charred

whole seeds semi (present, some, many) full

Corylus/Fagus/Quercus
pericarp

waterlogged
and charred

5x5mm full full (only when no A-Sample
is analysed)

Malus/Pyrus pericarp waterlogged
and charred

3x4mm full full (only when no A-Sample
is analysed)

Large seeds/fruits
(incl. Najas and
Aethusa cynapium)

waterlogged
and charred

whole or >1/2 full full (only when no A-Sample
is analysed)

needles of conifer-
ous trees

waterlogged
and charred

needles with api-
cal ending

semi (present, some, many) semi (present, some, many)

Smaller seeds/fruits waterlogged
and charred

whole or >1/2 p/a (only when no 0.35mm
fraction is analysed)

full

We do not want to introduce the study of taphonomic variables in this
paper, but guidelines for their recording and study were also developed
and published elsewhere (Antolín et al. 2017b).

The recording of the data was done on pre-designed paper sheets, where
all the variables and commonly found taxa were already introduced to
minimise writing time during analysis. The data were stored in an Access
database called ArboDat (© Kreuz and Schäfer, 2017), which facilitated
their systematic recording. Specific effort was put so that identifications
by all project collaborators were homogenised, providing the codes and
rest types to be introduced in the program beforehand (see Anhang 1 in
Antolín et al. 2017a).
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General results of the archaeobotanical analyses at
ZHOPE

Archaeobotanical analyses at the site allowed for the identification of
around 225,000 plant macroremains (mostly seeds and fruits) from layer
13 and 40,000 for layer 14. Cultivated plants were well represented in
the record, particularly cereals and oil plants. Among the cereals, emmer
(Triticum dicoccon), and naked wheat (Triticum aestivum/durum/turgidum,
mostly belonging to the durum/turgidum group) are better represented
in the uncharred record, while barley (Hordeum vulgare, multi-rowed and
mainly of the naked type) is one of the most important cereals when
considering the remains preserved by charring. Oil plants, including flax
(Linum usitatissimum) and opium poppy (Papaver somniferum) were found
in very large amounts, as is typical for lakeshore sites (Billamboz et al.
2010; Jacomet et al. 1989; Maier 2001; Maier and Vogt 2004; Rösch 1985).
The spectrum of cultivated plants in both phases is very similar, although
it seems that naked wheat and flax gain importance in layer 14 (Antolín et
al. 2017a). Pulses were underrepresented in the samples of layer 13 due
to difficulties during the identification process. Pea (Pisum sativum) was
identified and it seems to have been an important crop, considering the
average densities in layer 14 (ca. 80 r/L). Large seeded wild fruits (such
as hazelnuts, acorns, and wild apple/pears) have also been observed to
play a very significant role in the economy of the settlement (Antolín et al.
2016, 2017a).

The evaluation of the weeds accompanying crop plants has not yet been
done in detail, and further work will focus on the charred layer of stored
grain in order to identify charred seeds of weeds. In general, it seems
that the weed spectrum is similar to that observed in other Horgen sites
and briefly presented above, such as typical winter annuals (Aphanes ar-
vensis, Valerianella dentata, Cuscuta epilinum or Fallopia convolvulus) and
summer annuals (Arenaria serpyllifolia, Cerastium pumilum, Potentilla ar-
gentea, Chenopodium album, Galeopsis tetrahit, Polygonum persicaria or
Sonchus asper). This spectrum would not fit with the usual spectrum of
burnt fields in a shifting system (Bogaard 2002) but with that of perma-
nent fields, maybe with the use of fallowing (for further details see Antolín
et al. (2017a).

Some thoughts about the spatial distribution of the
main economic taxa

Interpreting the palaeoeconomic meaning of plant remains, even under
the best preservation conditions, is not straightforward. Plant remains
may arrive into lakeshore villages through a number of different paths,
including construction material, animal dung, etc. Besides, one needs to
be sure that the postdepositional processes have not affected either their
preservation — in a way that comparisons between different areas or
parts of the stratigraphy are not any more possible — or their location
at the moment of being discarded — since e.g. wave action could influ-
ence their final distribution.

Taphonomic evaluation of plant remains (Antolín et al. 2017a,b), as well as
of multiple other proxies (Bleicher, et al. submitted; Bleicher et al. 2017)
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have shown that the uppermost part of the archaeological layer of ZHOPE
had experienced intense erosion in the northern half of the site, and sig-
nificant reworking due to site abandonment and subsequent natural dy-
namics in the rest of the site. It was, however, concluded on the basis of
several example calculations, that comparisons across the site were only
possible if samples from the lowermost part of the layer were used.

The observation of the distribution of certain plant remains should help
us to identify areas of cereal processing (observed in the accumulation of
chaff remains) or the type of uses of flax (through the observation of the
distribution of seeds and capsules (i.e. if the distribution is similar, they
could be interpreted as resulting from the production of oil, as stated
above). The spatial evaluation of the botanical data (including a detailed
comparison between houses) will be done in the future.

We selected some examples of layer 13 at ZHOPE to show the potential of
this type of approach (Figure 3): cereal bran, free-threshing cereal chaff,
flax seeds and capsule fragments, and seeds of opium poppy. The large
accumulations of cereal bran, sometimes within house limits but often
close to the edges might indicate grinding areas, since bran is one of the
by-products of grinding (see e.g. Alonso et al. 2014). Findings of bread-like
objects have been identified at the site (Heiss et al. 2017), which suggests
that grinding and baking could have taken place at a household scale.
Smaller accumulations of bran could also reflect the presence of dung,
since it usually survives digestion. The distribution of the largest accumu-
lations of chaff of free-threshing cereals shows that threshing must have
taken place, at least to some extent, in open areas and not inside. Similar
interpretations regarding free-threshing wheat were reached at the site
of Torwiesen II (Maier and Harwath 2011). Smaller accumulations within
loam lenses or rubbish heaps might respond to the use of chaff as animal
fodder. Regarding the distribution of flax seeds and capsule fragments,
concentrations mainly consisting of seeds were found in several buildings
(mostly inside them). This could indicate the consumption of seeds. At the
same time, the finding of capsule-rich samples could correspond to obser-
vations done in other sites of this period, referring to the use of capsules
to gain oil. One also needs to take into account that capsule fragments
discarded between buildings could have been accumulated landwards by
wave action. Opium poppy seeds were found in very large amounts, par-
ticularly within building limits. This latter observation was also similar at
Torwiesen II (Maier and Harwath 2011).

For further distribution plans and discussion on the distribution of plant
remains see Antolín et al. (2017a).
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Figure 3: Site plans of ZHOPE showing the density of plant remains obtained per sample. Only samples at the base of the stratigraphy have been
represented to allow a more direct comparison across the site’s surface. The scale of greys in the background indicates layer thickness (from ca.
5 in the lightest spots to ca. 30 cm in the darkest ones). Areas in blue indicate loamy sediment, which is well connected with the groundplans of
the houses.

Figure 4: Barcharts showing the mean
and standard error obtained from the pro-
portion of calories represented by each
ressource in each of the 53 samples located
at the basis of the stratigraphy of ZHOPE.

Towards a diet reconstruction at a site scale in ZHOPE

The quantification units used in archaeobotany do not always directly al-
low the quantification of the minimum number of seeds/fruits in a sam-
ple. This would be useful as a basis to infer weight and calories, with the
limitations that we need to take into account (we do not have references
for the weight of prehistoric wild apples, for instance). This, together with
the diverse taphonomic processes that affect plant remains in most dry
sites, usually results in a very limited (or mostly absent) approach to the
diet (the relative contribution of cereals, legumes, oil plants, and wild
plants to the diet) of the inhabitants of the studied sites. Only in wet sites
can one assume that uncharred plant remains (particularly those found in
greater abundance) are a more or less reliable proxy for consumed plant
resources. Most of the previous attempts on this field are therefore only
found in the Alpine Foreland.

At ZHOPE, plant remains are quantified in a manner that they roughly
express a minimum number of individuals (MNI) in most cases. In other
cases, easy formulas can be applied to calculate the minimum number of
fruits (e.g. apple pericarps/10= 1 apple). There are formulas to calculate
MNI for different taxa (Antolín and Buxó 2011; Antolín and Jacomet 2015;



9 A new look at late Neolithic plant economy from the site of
Zürich-Parkhaus Opéra 167

Berihuete and Antolín 2012), but they are time-consuming and mostly
proposed for charred assemblages, where the time investment is signif-
icantly lower than in wetland sites. We can in any case present an ap-
proach to human diet at layer 13 in ZHOPE on the basis of the 53 sam-
ples that were completely analysed (A- and B-samples of the same master
sample) and that were located at the basis of the stratigraphy, thus pre-
senting optimal preservation conditions. The values used for the calcula-
tions are presented in Table 2 and obtained from several bibliographical
sources (Antolín et al. 2016, and references therein; Elmadfa et al. 2014;
Kuhnlein et al. 2006). It is clearly observed that wild resources add up to
about 65 per cent of the total calorific input, while domestic resources
(cereals and oil plants) add up to 35 per cent (cereals yielding most of it,
around 30 per cent of the calories) (Figure 4). One should still add the
role of legumes (green pea). This was done on a theoretical basis, using
the data from layer 14 of ZHOPE, where the pea pod fragments of peas
were correctly identified and quantified. Considering that pea pods were
found in an average density of 81.1 r/L, and that each pea weights about
0.15 gr and has ca. 0.84 calories/gr, one would obtain an average hypo-
thetical percentage of 1.2 per cent of the total calories represented. It
is not a neglectable amount, since peas are particularly important due
to their high protein content and particularly as a daily complement to
cereals in order to allow the absorption of those proteins (e.g. Rosen-
stock et al. 2015, and references therein). In any case, it does not change
the general picture: wild plants contributed with a major role to every-
day diet at Parkhaus Opéra. It is also possible that the large number of
unidentified cereal chaff might reduce the representation of cereals in the
graph. If we increased the calorific contribution of cereals in 1/3, which
is a common proportion of unidentified cereal chaff in most samples, the
overall calorific contribution of cereals in the diet would be ca. 38–40 per
cent, while gathered plants would add up to ca. 57 per cent of the total
calorific input. These results are similar to those obtained at Arbon Ble-
iche 3 (Hosch and Jacomet 2004).

Is this a single case in lakeshore settlements? Due to inappropriate sam-
pling strategies (too few samples of a low volume, much below 1 L in av-
erage), we cannot compare our data with many other sites dating to the
second half of the 4th millennium cal. BC, but we can compare them with
Arbon Bleiche 3 and Horgen Scheller, Layer 3 (probably a seasonal site
where wild resources make the greatest part of the archaeobotanical and
archaeozoological record). The results show that, if anything, the results
of ZHOPE are the ones that allow a better representation of cultivated
plants in the diet (Figure 5). In front of these results, one can only won-
der if cultivated plants could be underrepresented in our records, which
would be completely unexpected given the fact that the spatial distribu-
tion of these remains shows the regular practice of household process-
ing. In our opinion, current results indicate that the role of wild plants
in the diet of early farming populations is regularly underestimated and
that too much focus had been put on the importance of cultivated plants,
which make up a very significant part of the diet, but not the largest
amount, when one considers the calorific input. Further discussion could
follow on the significance of each of the resources in each site, but this is
not the aim of this paper.

When looking at the significance of wild plant gathering in the economy
of ethnographical case studies in the Ethnographic atlas of Murdock (see a
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Figure 5: Percentages of calories obtained from each plant food resource at ZHOPE, Arbon Bleiche 3 and Horgen Scheller. For the calculations,
the same values presented in Table 2 were used.

synthesis in Antolín and Berihuete 2017, and references therein) it seems
a rare case that a farming population puts such a big effort in wild plant
gathering. Such a case is more often found in small-scale societies with
a low social stratification where agriculture (either intensive or shifting
agriculture) does not play a preponderant role in the economy (Antolín
and Berihuete 2017). It is therefore of major interest to pursue further
this line of research.

Table 2: General results of layer 13 in ZHOPE with the main taxa recovered in the archaeobotanical record presented in average density of the MNI
(53 completely analysed samples from the basis of the stratigraphy were used), with additional information on the weight per seed/fruit, calories
per gram and the overall resulting calories per taxon, as well as the percentage of the total amount of calories and the corrected percentage
when taking unidentified cereal chaff into account as mentioned in the text (see references in the text and in Antolín et al. 2016).

Average den-
sity (MNI)

Weight per
seed/fruit

(gr)

Calories/gr Total calories per cent
of the to-

tal calories

*corrected
per cent

of the to-
tal calories

Wild apple/pear 10.3 20 0.76 156.5 18.3 16.5
Acorn 13.0 6.33 2.191.6 180.2 21.1 19.0
Hazelnut 26.4 1 6.44 169.9 19.9 17.9
Sloe 3.9 7 0.48 13.2 1.5 1.4
Wild rose 5.4 3 0.55 8.8 1.0 0.9
Strawberry 12.1 1 0.54 6.5 0.8 0.7
Rasp-/Blackberry 9.4 1.3 0.44 5.4 0.6 0.6
Barley 356.6 0.023 3.48 28.5 3.3 4.0
Naked wheat 1953.1 0.027 3.02 159.3 18.6 22.4
Emmer 1223.1 0.024 3.02 88.6 10.4 12.6
Flax 1279.8 0.005 3.76 24.1 2.8 2.5
Poppy 5129.0 0.0006 4.77 14.7 1.7 1.6
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Conclusions

Recent research at Zürich-Parkhaus Opéra proved that archaeobotanical
investigations in lakeshore settlements can still (after intensive research
in the past decades) bring important information about prehistoric com-
munities living on the shores of the lakes found north of the Alps, if the full
potential is used employing latest methodologies. It was shown how the
latest methodological improvements, following previous developments,
increase the representativeness and comparability of the data produced
and how it has been possible to better document some important plant
resources, particularly those of most fragile nature, but also large-seeded
wild plants.

Having produced high-quality data for the site, and after having done the
necessary taphonomic research for establishing the representativeness
of the data across the stratigraphy and the site’s surface, it will now be
possible to move forward to largely unexplored areas of research such
as diet. It is our hope to be able to start defining household units (with
integrative methods) and later characterise their economy and nutrition
in a more detailed way than ever before in the past.
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