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Resolutions of Reconstruction

John sighed. It had been another hot and hard-working 
July day in the dry desert village of Shivta. The last of the 
wheat harvest had just been brought in for threshing and 
the sight of fully formed grapes in the vineyards made 
John salivate. By the time the grape harvest and wine-
making were over, it would be time to prepare for the 
winter flash floods. There would be repairing check dams 
damaged in last winter’s flash floods, furrowing the wadi 
soil to improve water absorption when this winter’s flash 
floods arrived, and clearing out bird droppings from the 
dovecotes to fertilize the vineyards. If there was still time 
before sowing and the coming of winter rains, there were 
houses to repair and build. John recalled the verse the 
monk from the hilltop had taught: ‘Your threshing shall 
overtake the vintage, and your vintage shall overtake the 
sowing […]’.

* * *
This imaginary description of an ancient farmer’s mus-
ings reflects part of what we know about the annual agri-
cultural cycle in the Negev Highlands of Late Antiquity. 
Based on a combination of historical, archaeo logical, 
and ethno graphic evidence, our current understand-
ing of this ingenious ancient agricultural system in the 
desert still has a long way to go. The Byzantine Negev 
Bio-Archaeo logy (hereafter NEGEVBYZ) project, which 
focuses on rubbish middens from the Byzantine–Early 
Islamic periods, has contributed significantly to that 
understanding. One ultimate research goal is to be able 
to accurately reconstruct what a day, year, and decade in 
the life of an ancient Negev farmer might have looked 
like. This is becoming possible in no small part thanks 

to rich organic remains retrieved from the rubbish heaps 
of archaeo logical sites in the Negev Highlands as part of 
the NEGEVBYZ project.1 These illuminate local daily 
life, economy, and environment, at three main levels of 
temporality: the synchronic, the diachronic, and the 
cyclical.

At the synchronic level, analogous in this context to a 
still-life picture of the local agricultural landscape, plant 
remains from the combined midden contexts inform 
us about the food basket of Byzantine–Early Islamic 
Negev residents. The main components included cere-
als, pulses, grapes, and a variety of other fruits and nuts, 
supplemented by fish and sheep/goat products.2 The 
essential plant components of this food basket were sta-
ble throughout Antiquity in the Negev Highlands, with 
remains of barley, wheat, grapes, lentils, bitter vetch, figs, 
olives, and dates present in every excavated midden of 
the Byzantine–Early Islamic periods. Although this set 
of cultivars is constant over Late Antiquity, additions to 
this crop basket are evident over the long term.3

At the diachronic level, analogous to a time-lapse 
motion picture, we can track those economic trends 
which go beyond basic subsistence. Here we portray the 
progression of a process over time, on decadal and cen-
tennial scales. For instance, using quantitative data on 

1 Fuks and others 2016; Tepper and others 2018; Bar-Oz and 
others 2019; Butler and others 2020; Fuks and others 2020; Langgut 
and others 2020.

2 Fuks and others 2016; (forthcoming); Marom and others 2019.
3 Fuks and others (forthcoming).
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grape pip and cereal grain ratios, we demonstrated a rise 
and fall in the intensity of Negev Highland viticulture. 
Through a comparison with ratios of ceramic amphora 
types, this trend was linked to Mediterranean trade.4

Finally, identifications of seasonal cycles repre-
sent the most in-depth level of reconstruction and are 
analogous to a detailed documentary. They provide an 
opportunity to zoom in on a particular phenomenon, 
such as seasonal grazing patterns or harvesting seasons. 
In long-term agricultural history, seasonal cycles are 
more regular than even the basket of crop plants grown. 
Since the beginnings of agriculture in the Levant, cere-
als were sown in winter and harvested in late spring–
early summer; grapes were harvested in summer–early 
autumn; and olives were harvested in late autumn–
early winter. These agricultural seasons still hold good 
today. Moreover, some of the defining features of plant 
domestication, such as uniformity of ripening and non-
shattering of cereal spikelets, concern farmers’ ability 
to reap most of a plant’s fruit within a short ripening 
season.5 Nevertheless, changes in agricultural seasonal-
ity do occur, including crop-plant ripening periods.6 In 
addition, historical changes in crop rotation schemes 
have influenced the basket of summer/winter crops and 
ultimately the entire social and economic system.7 Thus, 
not only are the different levels of temporality related, 
but combining them yields a more complete historical 
reconstruction.8

The above three-tiered approach to temporal resolu-
tion offers a convenient model for historical reconstruc-
tions based on archaeobotanical and archaeo logical evi-
dence from the Late Antique Negev Highlands. In this, 
it is similar to Braudel’s triple categories of environmen-
tal history (la longue durée), social history (conjuncture), 
and the history of events (événementielle),9 and to his 
distinction between material life and economic life.10 
Seasonal rhythms of daily life belong to Braudel’s cat-
egory of material life, rather than economic life, but it is 

4 Fuks and others 2020.
5 Zohary, Hopf, and Weiss 2012.
6 Genetic changes in ripening season are also part of crop 

evolution and dispersal, enabling, for instance, wheat and barley to 
be introduced to northern latitudes and higher altitudes (see e.g. 
Jones and others 2008; Fuller and Allaby 2009; Lister and others 
2009; Spengler 2019a).

7 See e.g. Le Roy Ladurie 1976, 45–47; Watson 1983.
8 Braudel 1972.
9 Braudel 1972, 20–21; 2009.
10 Braudel 1973, xii.

not clear whether they are comparable to événementielle 
or la longue durée. Although the seasons are ephemeral 
like the history of events, the regularity of seasonal cycles 
makes them the most stable and unchanging of the three.

Unfortunately, many archaeo logical investigations 
fail to go beyond a synchronic snapshot of the contexts 
excavated, let alone attain seasonal reconstructions. 
Tracking changes over time — whether between periods 
or seasons — often requires a combination of excavation 
luck and methodo logical preparation. Yet by focusing on 
the latter it is possible to prepare for serendipity, as the 
saying goes: ‘When luck joins the game, cleverness scores 
double’. In this spirit, we present finds from Shivta’s 
Early Islamic rubbish middens — some lucky finds and 
some more standard ones — which convey information 
on seasonality. These middens were formed through 
rapid deposition of burned household waste and con-
tain high concentrations of well-preserved plant mat-
ter.11 Our focus is on the method and theory of seasonal 
reconstruction from plant remains in the hope that an 
awareness of these seasonal indicators’ potential and pit-
falls will be useful for other researchers.

Seasonality in Archaeo logy

Efforts to reconstruct seasonal patterns in archaeo logy 
are not new. Seasonal occupation of Epipaleolithic 
hunter-gatherer sites, for instance, has received extensive 
attention in the literature.12 Such efforts are rarer in the 
archaeo logy of later periods, which is dominated by the 
study of fully sedentary agricultural societies. Yet, sea-
sonal cycles were just as pervasive in ancient agricultural 
society. In the Levant, everything from religious ritual 
to work routines revolved around the time for sowing 
and the time for reaping, the anticipation of rain, and 
the height of grass in steppe rangelands.

Much of what we know about ancient seasonal 
cycles over the past few millennia comes from textual 
sources. For instance, the biblical festivals of Passover 
and Pentecost mark the barley and wheat reaping times, 
respectively, while Tabernacles represents the ingath-
ering of the harvest (Exodus 23.14–17; Leviticus 23; 
Deuteronomy 16). The ultimate biblical blessing is when 

11 Tepper and others 2018; Dunseth and others 2019; Butler 
and others 2020.

12 Kislev, Nadel, and Carmi 1992; Lieberman 1993; Simmons 
and Nadel 1998; Martin, Edwards, and Garrard 2010; Jones 2012; 
Snir and others 2015; Henton and others 2017.
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seasonal agricultural chores overlap (Leviticus 26.5; 
Amos 9.13). Meanwhile, the Gezer Calendar provides a 
relatively detailed extra-biblical record of seasonal agri-
cultural chores.13 In later periods, textual sources con-
tinue to reflect the pervasiveness of seasonality in daily 
agricultural life.14 Perhaps even more than historical 
texts, numerous ethno graphic studies of the last hun-
dred years or so inform our understanding of seasonality 
in traditional and ancient society, while also contribut-
ing to the interpretation of ancient texts.15

In order to further advance our understanding of 
ancient seasonal cycles, archaeo logy — especially of 
historical periods — needs to catch up with philo logy 
and ethno graphy. Only then can we study the relation-
ship between what is reported and what is left behind as 
regards seasonality. Comparisons between the descrip-
tion of specific seasonal activities and their archaeo-
logical signatures will yield a variety of new insights, tak-
ing the reconstruction of ancient daily life to new levels. 
Moreover, just as paleoclimatic studies of the last two 
thousand years can attain much higher resolution than 
of earlier periods due to the quality of the proxy data and, 
for recent centuries, the addition of written records,16 so 
too can the archaeo logy of seasonality attain higher reso-
lution in historical periods than in pre-recorded history.

Seasonality in Archaeobotany

Among the most powerful archaeo logical proxies for 
detecting seasonal aspects of economy and environment 
are ancient plant remains. These may include tree rings, 
pollen, or macroscopic plant parts such as flowers, seeds, 
and fruits.

Tree rings enable the highest-precision dating in 
archaeo logy, giving rise to the field of dendrochrono logy, 
and tree ring analysis can also be a source of seasonal eco-
logical information.17 For instance, dendroeco logy was 
instrumental in proving that the winter of ad 536 and 
the decade thereafter were particularly cold and dry in 
Europe.18 However, traditional dendrochrono logical 
methods cannot go beyond annual resolution to sub-

13 Borowski 2002, 31–38; Dalman 2013, 6–8 and references.
14 Feliks 1990; Decker 2009.
15 Dalman 2013; Safrai 1994.
16 Luterbacher and others 2012; McCormick 2013; 2019; 

Haldon and others 2018.
17 Manning and Bruce (eds) 2009.
18 Büntgen and others 2011; 2016; 2020.

annual seasonal reconstruction. Furthermore, in the 
semi-arid and arid regions of the Levant, specimens use-
ful for dendroeco logy (whether living trees or archaeo-
logical wood) are very rare.

Pollen, by its nature, is season-specific and can be 
used to determine, for instance, the season in which 
wall-plaster was set.19 However, pollen identification 
often cannot go beyond the taxonomic level of genus, 
and different species of the same genus may have oppo-
site flowering times. For instance, only three species of 
Artemisia are native to the Negev, of which the two more 
common species flower in autumn–winter. Yet the fact 
that one of the three flowers in spring–summer limits 
the value of Artemisia pollen as a seasonal indicator.20

Plant seeds and fruits often preserve under different 
conditions than pollen — primarily by carbonization 
— thus complementing seasonal information from pol-
len. Moreover, seeds can usually be identified to species, 
which is crucial for achieving high-resolution seasonality 
data. Species-specific flowering and fruiting times enable 
macroscopic plant remains to be a proxy for sub-annual 
seasonal identification, under the right circumstances. 
One precedent for the use of plant macro-remains in 
reconstructing seasonality is Kislev’s study of the Abi’or 
Cave assemblage near Jericho, used as a hideout by Bar 
Kokhba rebels in ad 135.21 Kislev used the overlap in 
tree-fruit ripening seasons to indicate the period of 
the rebels’ temporary inhabitation of the cave, on the 
assumption that these fruits are more frequent just after 
their ripening season. Of ten tree-fruit species identi-
fied, nine may be harvested ripe in September, leading 
to the conclusion that the rebels occupied the cave in 
September or October. This type of analysis represents 
one of three different approaches to seasonality discussed 
below, namely, flowering and fruiting season convergence 
in a plant assemblage. The other two are delicate plant 
parts such as flowers, and seeds within dung pellets.

Seasonality in Shivta’s Early Islamic  
Rubbish Middens

The Early Islamic (Umayyad)-period rubbish mid-
dens of Shivta are, like most archaeo logical middens 
of the Negev Highlands, immensely rich in organic 
waste, including charred seeds and other plant macro-

19 Langgut and others 2013, table 1.
20 Dunseth and others 2019; Fuks and Dunseth 2021.
21 Kislev 1992.
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remains (Figs 7.1–7.2).22 Unlike other Negev Highland 
trash mounds, these were deposited inside abandoned 
domestic quarters, contain only small quantities of 
pottery, and appear to represent a rapid accumula-
tion of household waste. They include three middens, 
Area E (2.0  m  ×  4.5  m) and the adjacent Areas K1 
(1.5 m × 4.0 m) and K2 (1.5 m × 3.0 m).23

22 Fuks and others 2016; Tepper and others 2018.
23 Tepper and others 2018, table 1.

The preservation and variety of plant remains in 
Early Islamic Shivta’s excavated middens are exceptional, 
as exemplified by many delicate plant parts. Several 
whole sheep/goat dung pellets were also retrieved from 
these middens, some of which contained identifiable 
plant remains.24 The presence of delicate plant remains 
and dung pellets also indicated the possibility of attain-
ing seasonal information. For both to survive intact, it 

24 Dunseth and others 2019; Fuks and Dunseth 2021.

Figure 7.1. Southern Shivta during the 2016 excavations (© Daniel Fuks).

Figure 7.2. Early Islamic (Umayyad) rubbish middens in domestic quarters of southern Shivta: Area K (left) and Area E (right)  
(© Daniel Fuks; Yotam Tepper).
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is likely that they would have been deposited relatively 
close to their time of production (see below). Further, 
due to the nature of each, it is possible to identify the 
season of their production using a botany-informed 
analysis. In what follows, we employ information on 
flowering times from the Flora of Israel Online,25 for the 
geo graphical region covered by the Flora Palaestina.26

Seasonality Based on Individual Plant Remains: 
Delicate Plant Parts and Unique Species

Since flowering and fruiting occur during specific sea-
sons for most plants, remains of plant organs related to 
flowering and fruiting may convey seasonal information 
for the context in which they were found. Their reli-
ability as seasonal indicators depends especially upon 
the factors affecting deposition and preservation, i.e. 
taphonomy, and on the seasonality of other plant finds 
in the given context. 

Thus, although barley and wheat both ripen in spring 
and are harvested in spring–early summer (barley before 
wheat in the Levant), their grains are stored for daily 
consumption throughout the year, meaning that their 
deposition in the archaeo logical record should be unre-
lated to seasonality. Even chaff is traditionally stored for 
fodder, fed to livestock especially during summer and 
autumn before the replenishment of grazelands in win-
ter, and may also be used for kindling throughout the 
year.27 Hence, cereal plant parts, no matter how delicate, 
should not be considered reliable indicators of seasonal-
ity in the Levant.

In addition, seeds of some wild species may linger on 
the parent plant for several months before dispersal and 
may continue to preserve on site for a long time before 
becoming deposited in the archaeo logical record. Hence, 
when inferring the season during which individual seeds 
were deposited, one should consider species-specific 
dispersal mechanisms and seed hardness. Delicate and 
ephemeral plant organs, such as flowers, tend to have a 
short survival time. This makes it likely that they were 
deposited close to the species-specific season of the given 
plant part’s formation, making them better seasonal 
indicators. Even among flowers, differences abound in 
their seasonal specificity and pre-deposition durability, 
as is evident from three species of which flowers were 
found in Shivta’s Early Islamic middens.

25 Danin and Fragman-Sapir 2021+. Scientific names of plant 
species also follow this source. 

26 Zohary and Feinbrun-Dotan 1966–86; Danin 2004.
27 Dalman 2013.

A couple of pomegranate (Punica granatum) flowers 
were identified from Shivta’s midden K1, Loci 162 and 
166 (Fig. 7.3). Since the pomegranate flowers mainly 
from April–June, this might indicate a spring deposit. 
However, as far as flowers go, those of pomegranate are 
relatively tough, and it is not uncommon to find pome-
granate flowers much later or earlier, either on the tree 
or fallen beneath it. We cannot rule out the possibility 
that the ancient pomegranate flowers from Area K1 were 
late-bloomers, or that they waited some time under the 
mother tree before being swept up into the fire and even-
tually dumped in the midden.

Another plant species whose flowers were also 
found in the Shivta middens is the shaggy sparrow-
wort (Thymelaea hirsuta) (Fig. 7.4). This wild shrub is 

Figure 7.3. Pomegranate (Punica granatum) flowers, ancient and 
modern. A charred flower from Shivta, Early Islamic midden,  

Area K1 (left) and a recent one (right) (© Daniel Fuks).

Figure 7.4. Shaggy sparrow-wort (Thymelaea hirsuta) flowers, ancient 
and modern. A charred flower from Shivta, Early Islamic midden, Area 
K1 (left) and a recent one collected by the author [DF] in April 2017, 

near Elusa (Al-Khalasa) in the Negev (right). Note the remains of 
hairs, which give the species its name, still visible on the archaeo logical 

specimen (left) (© Daniel Fuks).
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a common source of twine and kindling in the central 
Negev; its leaves and seeds are among the most ubiqui-
tous wild plant parts in the Negev Highland middens. 
Unfortunately, shaggy sparrow-wort has a rather long 
flowering season, extending from March–July at the 
least, and often beyond this window on either end.28

The most reliably indicative individual plant part for 
seasonality found in the Negev Highlands middens was 
a carob (Ceratonia siliqua) pistil from Area K2, Locus 
151 (Fig. 7.5). Unlike the aforementioned species, and 
most local plants, the carob does not flower in spring. 
Its flowering season is August–November and may 
be considered an indicator of late summer–autumn.29 
Fertilized pistils tend to continue their development 
into carob pods whereas unfertilized pistils dry out, fall 
off the flower, and disintegrate. Therefore, the Shivta 
carob pistil was almost certainly deposited in late sum-
mer–autumn and charred while still fresh.

In contrast to flowers and their parts, seeds tend to 
be hardy and survive several seasons, sometimes through 
deliberate storage, reducing the likelihood of archaeo-
logical deposition close to their season of development 
on the parent plant. One exception is the delicate seed 
of the aubergine (Solanum melongena). A  few auber-
gine seeds were found in an Early Islamic midden from 
Shivta (Area E, Locus 504), preserved uncharred under 
the cover of stones. Incidentally, these are the earliest 
aubergine seeds discovered in the Levant.30 Unlike other 
crop plants found in Early Islamic Shivta, which develop 

28 Danin and Fragman-Sapir 2021+.
29 Danin and Fragman-Sapir 2021+.
30 Fuks and others (forthcoming).

during winter and are harvested in spring–summer, the 
aubergine is traditionally a summer crop. Furthermore, 
aubergines tend to be eaten fresh, during the season of 
seed ripening. Therefore, these seeds’ presence could 
indicate a summer deposition. The main problem with 
seasonal interpretations based on a single indicative 
plant part, such as an aubergine seed or a carob pistil, is 
that they reflect only their own deposition, and not nec-
essarily that of the entire archaeo logical locus in which 
they were found. In order to identify locus-based sea-
sonal depositions, the full assemblage of identified wild 
plants should be considered.31

Seasonality Based on Plant Remain Assemblages: 
Flowering Season Convergence

Due to the plasticity of flowering time, the rarity of 
actual flowers even in the best-preserved archaeobotani-
cal assemblages, and the likelihood of multiple seasons 
in a given locus, seasonal identifications should take into 
account the full plant assemblage for the locus or con-
text in question. Charting the convergence of wild spe-
cies’ flowering seasons is a robust method for identifying 
a season-specific assemblage.

In Table 7.1, we chart flowering seasons for all wild 
annuals found in a single 3 litre sediment sample from 
Locus 162, Early Islamic midden K1.32 Although each 
individual species has a slightly different flowering sea-
son, they all overlap in March–April. Note that we chart 
flowering times, rather than fruiting times, because the 
former were carefully recorded and documented in 
numerous field studies over the last century.33 To esti-
mate species-specific fruiting times, as an indication of 
the archaeobotanical remains’ season of formation, we 
add one month from flowering to fruiting. Allowing 
some retention time on the parent plant, the data reflect 
assemblages produced in April–June. The strength of 
this method rests on the high number of identified spe-
cies and their unanimous convergence of flowering time. 
Pre-dispersal parent plant retention is in fact much 
longer than one month for some species, but not for so 
many different annual species. Assemblages with non-
convergent flowering seasons should be interpreted as 
assemblages formed by deposition over multiple seasons.

31 Charles 1998; Dunseth and others 2019.
32 Adapted from Dunseth and others 2019, fig. 10.
33 Danin and Fragman-Sapir 2021+.

Figure 7.5. Carob (Ceratonia 
siliqua) pistil, ancient and 
modern. A charred pistil from 
Shivta, Early Islamic midden, 
Area K2 (left) and a recent 
one (right) (© Daniel Fuks).
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One issue with this method is that, in the Negev, the 
vast majority of wild plant species flower in the spring. 
In theory, we could have a problem of equifinality in 
that even assemblages produced in winter might contain 
only seeds of wild plants which flower in spring. While 
there are other-season species which should be sought in 
the archaeo logical record, perhaps the most elegant way 
around the problem of seasonal equifinality is analysing 
the botanical remains of dung pellets.

Seasonality from Special Contexts: Dung Pellets

Dung has long been recognized as a potential source of 
plant remains in archaeobotanical assemblages.34 Much 
debate and research has centred on identifying dung-
derived archaeobotanical assemblages with relevance to 
formation processes and archaeo logical interpretation.35 

34 Miller 1977; Bottema 1984; Miller 1984; Miller and Smart 1984.
35 Miller 1996; 1997; Hillman, Legge, and Rowley-Conway 1997;  

Table 7.1. Flowering months of wild annuals identified from Shivta, Area K1, Locus 162. All species presented were identified from a 3 litre 
sedi ment sample. Flowering times converge on March–April. Allowing one month between flowering and fruiting, plus some retention on the 
parent plant after fruiting, this assemblage likely represents April–June activity and deposition (adapted from Dunseth and others 2019, fig. 10).

Species

Flowering Months

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Adonis dentata        

Aizoon hispanicum          

Anagallis arvensis      

Arnebia decumbens          

Avena barbata/fatua        

Avena sterilis        

Bassia muricata            

Brachypodium distachyon          

Caylusea hexagyna                

Chenopodium murale                    

Emex spinosa            

Fumaria parviflora/densiflora            

Galium aparine      

Glebionis coronaria        

Malva parviflora          

Medicago astroites      

Medicago polymorpha/marina            

Melilotus sulcatus        

Neslia apiculata          

Phalaris minor          

Phalaris paradoxa              

Plantago ovata          

Silene colorata/decipiens        

Spergula fallax          

cf. Trifolium campestre                        
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In the course of the present authors’ research on this 
topic, intact dung pellets proved to be a wellspring of 
information conveyed by plant remains within them — 
beyond taphonomy and including seasonality.36 In our 
study of dung pellets’ botanical contents from Shivta’s 
Early Islamic middens, a couple of individual pellets 
yielded enough identifiable seeds to determine the sea-
son in which they were produced (Table 7.2; Fig. 7.6). 
The potential implications of this result are profound. 
Each pellet is produced within a matter of days or hours 
from ingestion, during which time the animals produc-
ing it could have travelled a limited (but not insignifi-
cant) distance. Hence, the dung pellet is a unique type 
of archaeo logical micro-context providing a precise 
time capsule of pastoral activity. Significantly, the Early 
Islamic Shivta dung pellets analysed were produced in 
the very same April–June season identified in corre-
sponding sediment samples.37 This supports the archaeo-
logical evidence for rapid accumulation of these trash 
sediments since protracted accumulation should have 
yielded species spanning different seasons.

Charles 1998; Valamoti and Charles 2005; Shahack-Gross 2011; 
Wallace and Charles 2013; Baeten and others 2018; Smith and others 
2019; Spengler 2019b; see summary in Fuks and Dunseth 2021.

36 Dunseth and others 2019; Fuks and Dunseth 2021.
37 Dunseth and others 2019.

Table 7.2. Flowering months of wild annuals in dung pellets from Shivta, Area K1, Locus 162. Species presented were identified from a small 
assemblage of dung pellets (photo graphed in Figure 7.6). In two pellets, convergence of identified species’ flowering times indicates May–June 
activity, adding one month from flowering to fruiting plus retention time (adapted from Dunseth and others 2019, fig. 10).

Species by pellet Flowering Months

Locus 162 — Pellet 1 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Anagallis arvensis

Pulicaria incisa

cf. Trifolium campestre

Locus 162 — Pellet 2

Aizoon hispanicum

Cynodon dactylon

Locus 162 Combined Pellets

Aizoon hispanicum

Anagallis arvensis

Cynodon dactylon

Malva aegyptia

Pulicaria incisa

cf. Trifolium campestre 

Figure 7.6. Charred dung pellet sample dissected for seeds, from Shivta 
Area K1, Locus 162. The assemblage includes four intact pellets and 
fragments of at least three others. Of the four intact pellets, one contained 
seeds of three different species, and one contained seeds of two species 
(pellets 1 and 2 in Table 7.2). Seeds of six plant species were found in the 
combined dung-pellet assemblage, which point to May–June seasonality 
(Table 7.2) and agree with the April–June seasonality identified from 
the corresponding sediment sample from the same locus (Table 7.1).
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Discussion: Archaeobotanical Investigation 
of Seasonality Costs and Benefits

Archaeo logical plant flowers, seeds, and dispersal units 
are among the best sources of evidence for determining 
the season(s) in which a given archaeo logical context 
accumulated. The contextual unit of seasonal analysis 
may vary from entire sites, to specific strata in archaeo-
logical sections, to individual dung pellets. Plant remains 
provide empirical data that can be measured and ana-
lysed through multiple methods. However, the collec-
tion of archaeobotanical material is a painstaking task, 
and the dearth of evidence from most archaeo logical 
contexts, especially in later historical periods, may result 
from several methodo logical biases:

Type-I error: excavation bias. Among various 
methodo logical biases resulting from excavation activ-
ity, those most affecting investigation of archaeobotani-
cal seasonality concern sieving and sampling strategies 
as well as context-based variation in plant-remain rich-
ness. Most types of seeds will not be retrieved without 
sieving, and floral compositions, including the presence 
and proportions of plant species, will vary at each mesh 
size. In addition, species richness varies significantly by 
archaeo logical context. Most archaeo logical contexts are 
too poor in plant remains to produce meaningful con-
vergences of species-specific seasonality. One advantage 
of the NEGEVBYZ project is its focus on organically 
rich middens. Each 3  litre midden sediment sample 
yielded hundreds, sometimes thousands, of identifiable 
plant parts representing dozens of plant species. This 
richness enabled analysis of flowering season conver-
gence among wild annuals, exemplified above. In such 
contexts, application of a sophisticated sifting strategy 
was essential, and all excavated material was sifted in 
one of three different ways, enabling distinct resolutions 
of analysis. Most excavated material was sifted on site 
through 5 mm mesh. Wet-sieving through 1 mm mesh 
was performed on two buckets (~ 20 l.) from each exca-
vated locus to maximize fine-scale retrieval of small arte-
facts and organic remains. In addition, selected 3 litre 
sediment samples were collected from each midden stra-
tum or locus identified by the excavators and pre-sifted 
with 0.3 mm sieves. Depending on the sediment com-
position, they were then processed either by flotation 
or by dry-sieving in graduated sieves of 4 mm, 2 mm, 
1 mm, 0.5 mm, and in some cases, 0.3 mm mesh. In many 
instances, double samples were prepared for both flota-
tion and dry-sieving.

Type-II error: collection bias. Even when samples 
are properly sieved and sufficient material collected, 
plant remains will be available for further analysis only 
after separating identifiable plant parts from other par-
ticles. This demands laborious ‘picking’ and sorting 
efforts. Biases introduced during this stage include lim-
its on time and funding affecting the quantity of sorted 
material, the expertise of the person sorting, and the use 
of visual aids. In the NEGEVBYZ project, we invested 
great efforts in limiting such sources of bias, including 
thousands of student paid hours for picking samples 
processed by wet-sieving (1 mm mesh), alongside pro-
cessing and sorting of flotation samples (0.3 mm mesh) 
by a full-time archaeobotanist (DF). We estimate that 
each bucket of 1 mm sieved rubbish-midden sediment 
required nearly thirty hours of picking , on average, 
by students not trained in archaeobotany and with-
out visual aids. Meanwhile, precise sorting by a trained 
archaeobotanist using a stereo microscope may take even 
longer but minimizes collection bias. In a study of major 
crop plant ratios based on thousands of grape, barley, 
and wheat seeds retrieved from 2 mm sieves, we found 
that the two sorting methods yield essentially equivalent 
quantitative results for large seeds.38 Since most domes-
tic plant seeds fall in this size category (fig nutlets being 
a notable exception in the Mediterranean region), pick-
ing by untrained archaeobotanists can provide general 
information on major crop types. However, the study of 
wild annuals — so important for seasonality — requires 
skilled, microscope-based sorting and identification 
using an appropriate reference collection. In the case of 
dung pellets, dissection and retrieval require even greater 
care. Most of the plant finds relevant for seasonal iden-
tification described above were retrieved through skilled 
sorting, using a stereo microscope. The only exception is 
the pomegranate flowers, whose retrieval may have been 
due to the larger sample size processed by coarse sifting 
and unskilled sorting.

Type-III error: analytical bias. Identifying plant 
remains is a difficult task and requires much skill, 
patience, and an appropriate reference collection. Most 
wild plant species have limited geo graphical ranges and, 
as result, so do most reference collections and archaeo-
botanists. Experience and expertise also vary among 
archaeobotanists. Therefore, it may sometimes be prob-
lematic to compare assemblages collected by scholars 
with different backgrounds and access to local reference 

38 Fuks and others 2020, SI appendix.
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material, which is crucial for precise taxonomic identi-
fication. For the NEGEVBYZ project, taxonomic iden-
tification of plant remains was made possible using the 
Israel National Collection of Plant Seeds and Fruits (at 
Bar-Ilan Uni ver sity), as well as the Computerized Key of 
Grass Grains for identifying grass grains.39

* * *
Despite the above methodo logical biases and resulting 
economic constraints to archaeobotanical research, ‘seek 
and ye shall find’ is an appropriate maxim for the study of 
ancient plant remains. The NEGEVBYZ project is one 
of the leading case studies among ongoing archaeo logical 
projects which apply sophisticated strategies for sifting, 
sorting, and identifying archaeobotanical remains. As 
such, it joins parallel projects conducted mainly on pre-
historic sites,40 and more recently also on historic sites,41 
of the Mediterranean region.

For Future Research

All types of archaeobotanical indicators for seasonality 
discussed above rely on the seasonal specificity of flow-
ering and fruiting. One limitation of this approach is 
that plant flowering times are often heavily skewed to 
a particular season in a given study region. This means 
that seasonal depositions will be much more recogniz-
able for certain seasons and less so for others. Failure to 
consider this bias can result in erroneous interpretations 
about human activity at a site. Meanwhile, researchers 
investigating seasonal archaeo logical depositions will 
face the challenge of developing reliable indicators for all 
seasons of the year. In the Negev Highlands, most wild 
plants flower in spring ; few do so in late summer and 
autumn, although notable exceptions include the annu-
als Salsola inermis, Salsola tragus, Lactuca serriola, and 
the shrub Noaea  mucronata. Meanwhile, the available 
species-specific seasonality data in local floras is based on 
flowering times throughout the wider (Flora Palaestina) 
region. Field trips to collect seasonal information on 
fruiting and dispersal among the flora of the specific 
study region (Negev Highlands) over several seasons and 
years can significantly improve seasonal interpretations 
of archaeobotanical assemblages.

39 Kislev and others 1995; 1997; 1999.
40 E.g. PLANTCULT; Weiss 2017 and references.
41 E.g. SICTRANSIT.

Identifying sub-annual seasonal deposition has 
important implications for reconstructing economic 
trends, which depend upon the chrono logical resolution 
of analysis. Just as with modern gross domestic product 
(GDP) growth models, seasonal effects can be incor-
porated in archaeo logical-economic models if they can 
be identified and understood. For instance, Christmas 
consumerism is corrected for in modern quarterly eco-
nomic growth estimates.42 Analogous seasonal peaks in 
ancient and traditional Mediterranean societies might 
involve harvesting times of crops with different ripening 
times, including barley, wheat, grapes, dates, and olives. 
Archaeo logically reconstructed economic trends almost 
never go beyond decadal resolutions, at which seasonal 
effects become invisible;43 hence the possibility of iden-
tifying seasonal economic effects in archaeo logical sec-
tions of rapid depositions could be ground-breaking.

One important source for seasonal identification 
in short-term archaeo logical deposits is coprolites, or 
archaeo logical faeces, which have the unique characteris-
tic of being produced and initially deposited within just 
a few days. The main advantage of the dung pellet is that 
it forms a highly specific spatio-temporal context, and 
an individual herbivore dung pellet can attest to grazing 
in a particular season. It follows that dung layers can be 
analysed for seasonal homogeneity, and a multi-annual 
assemblage of dung pellets should inform upon seasonal 
grazing patterns. Herbivore dung pellets, particularly of 
the main domesticated animals, are found in a variety of 
archaeo logical contexts, including, but not limited to, 
middens. In caves and rock shelters used for stabling ani-
mals, layers of dung deposits may accumulate — some-
times being deliberately burned in situ.44 Such deposits 
often preserve strati graphic sequences of dung which 
was not moved since initial deposition. These offer the 
highest likelihood of discovering intact season-specific 
layers. In hearths, pits, and rubbish middens, dung pel-
lets usually represent secondary deposition, often after 
being collected and used for kindling. Yet, even in such 
contexts, dung pellets have been found whose contents 
indicated a specific season consistent with the rest of 
the sample, as demonstrated above.45 Adding different 

42 Miron 1996.
43 Fuks and others 2020; Izdebski and others 2020.
44 Brochier, Villa, and Giacomarra 1992; Macphail and others 

1997; Rosen and others 2005; Angelucci and others 2009; Burguet-
Coca and others 2020.

45 See Dunseth and others 2019 for further details; also Fuks 
and Dunseth 2021.
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biomolecular and chemical methods to future multi-
proxy archaeobotanical investigation of herbivore dung 
will produce invaluable high-resolution seasonal recon-
structions. Direct indicators of flowering and fruiting, 
through extraction of both pollen and seeds from the 
same pellet (preserved by desiccation, waterlogging, or 
freezing), should yield highly specific seasonal identifica-
tions. Phytoliths, δ15N and δ13C isotopic ratios, and grass 
lignin structure should also be explored as complemen-
tary proxies of dung pellet seasonality.46 If seasonal depo-
sition of individual loci can be identified, then in theory, 
formation processes of an entire archaeo logical section 
could be inferred. In a scenario where a stratum-by-stra-
tum seasonal sequence can be reconstructed, archaeo-
logists could determine how many seasons (and years) 
are represented in an archaeo logical section, with poten-
tially profound implications for precision chrono logy.

Such scenarios are still a far cry from what we can 
say about seasonality in Shivta, or other archaeo logical 
sites. However, archaeo logists should bear them in mind 
and keep on the lookout for contexts with this sort of 
potential. Expanded datasets of seasonal identifications 
will contribute significantly to research on the long-term 
development of agriculture and pastoralism, ecosystem 
transformation, and our understanding of the rhythms 
of ancient daily life.

46 Zazzo and others 2015; Burguet-Coca and others 2020; 
Landau and others 2020.
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