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Preface

Augusta McMahon

The chapters in this volume invert traditional
approaches to past human-animal relationships, plac-
ing animals at the forefront of these interactions and
celebrating the many ways in which animals enriched
or complicated the lives of the inhabitants of the ancient
Near East. The authors embrace insights from text,
archaeology, art and landscape studies. The volume
offers rich evidence for the concept that ‘animals are
good to think” (Levi-Strauss 1963), enabling humans in
categorizing the world around us, evaluating our own
behaviours, and providing analogies for supernatural
powers that are beyond humans’ control. However,
totemism has never fit the ancient Near East well,
because most animals had varied and endlessly com-
plicated relationships with their human associates, as
these chapters vividly describe. Taboos on eating or
handling animals ebbed and flowed, and the same ani-
mal could have both positive and negative associations
in omen texts. Animals were good (or bad) to eat, good
(or bad) to think, good (or bad) to live with (Kirksey
& Helmreich 2010) and good (or bad) to be. Through
detailed, theoretically informed and well-supported
case studies, this volume moves the study of human-
animal-environment interactions forward, presenting
animals as embedded actors in culture rather than
simply objectified as human resources or symbols.
The chapters in the first section emphasize the
agency of animals via their abilities to resolve crises
for humans and deities and to shift between animal
and human worlds. Animals have paradoxical affects:
as metaphors for wilderness and chaos, or as valued
companions, helpers, or votive sacrifices. The variety
of interactions and assumptions cautions us to treat
animals, as we do humans, as individuals. Recon-
struction of animals in past rituals has a long history,
usually focused on animals associated with the gods
and/or animals used in formal religious sacrifice.
But the chapters in the second section also examine
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the impact of lesser-known animals and less formal
encounters, e.g., in the landscape or in funeral contexts
within the home. The value and meanings of animals
could vary with context.

The fascination engendered by hybrid or com-
posite figures is also well represented. The persistence
of composite figures in the Near East, from fourth
millennium Bc human-ibex ‘shamans’ on northern
Mesopotamian Late Chalcolithic seals to lamassu and
mushussu of the first millennium Bc, suggests that the
division and recombination of animal body elements
fulfilled a human need to categorize powerful forces
and create a cosmological structure. The anthropomor-
phizing of animals is another facet of the flexibility of
animal identifications in the past. The authors here
also grapple with the question of whether composite
images represent ideas or costumed ritual participants.

The chapters also cover the most basic of animal—
human relations, that of herd management, use in
labour, and consumption, digging deeply into details
of mobility, breeding and emic classifications. Eco-
nomic aspects of the human-animal relationship are
currently being rejuvenated through archaeological
science techniques (e.g., isotopes, ZooMS), which give
us unparalleled levels of detail on diet, mobility, herd
management, and species. Matching these insights
from science, the issues raised here include the value of
individual animals versus that assigned to species, the
challenges of pests, the status ascribed to and reflected
by different meat cuts, animals as status and religious
symbols, and animals’ tertiary products or uses (e.g.,
transport versus traction, bile). These studies allow a
more detailed reconstruction of Near Eastern economy
and society, as well as emphasizing the flexibility of
the relationships between animals, as well as between
human and animal.

The authors implicitly advocate for a posthu-
manist multispecies ethnography, which incorporates
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nonhumans and argues for equal care to be given
to nonhumans in the realms of shared landscapes,
violence, labour and especially ecology (Kirksey &
Helmreich 2010; Kopnina 2017; Parathian et al. 2018).
This approach advocates for nonhumans’ agency in
creating shared worlds, in contrast to the traditional
approach to animals as symbols or resources in the
service of humans. Going forward, the challenge will
be to convert the acknowledgement of equal cultural
contribution into support for nonhuman species to
speak for themselves; this shift from passive subject
of research inquiry to genuine active agency in aca-
demic writing does not have an easy or obvious path,
and many nonhuman animals may be overlooked.
Indeed, multispecies ethnography ideally seeks to
incorporate plants, microbes, stones and more (Ogden
et al. 2013; Smart 2014), many of which are ephemeral
in the archaeological record and all but omitted in
ancient texts. However, ancient texts do support a new
approach which questions our modern boundaries
between species. Our perpetual struggle to translate
terms for different species of equids, to distinguish
whether a word refers to rats or mice, or to link zoo-
archaeological remains to lexical lists, reinforces the
complexity and flexibility of these concepts, and the
futility of attempts at absolute categorization.

The chapters in this volume should inspire col-
leagues to grapple with animals, nonhumans and
contexts that could not be included here. For instance,
the snake has as lengthy a history of human engage-
ment in the Near East as does the lion and had similarly
unusual powers. While the lion was an icon of strength,
the perfect symbol for the proximity of the emotions of
awe and fear, the snake has the sneaky ability to slither
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between worlds, to avoid capture, and to deliver an
almost imperceptible lethal injury. Fear of the snake
conquers awe. Like the fox, the presence or actions of
the snake, as listed in Summa alu, may be positive or
negative omens. The snake was present at key moments
in both Mesopotamian and Biblical literature; its actions
(stealing the plant of immortality, offering the fruit of
the tree of knowledge) changed the fate of humans
forever. Whether represented coiled and copulating
on Late Chalcolithic seals, grasped by Late Uruk ‘Mas-
ters of Animals’ or first millennium Bc lamastu, snakes
and their paradoxical nature deserve deep scrutiny.
There are many other nonhuman animals deserving
of similar problematization and integration, and the
eclectic and exciting research stream represented by
this volume shows us the way.
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Chapter 12

An abstract Agent-Based Model (ABM) for
herd movement in the Khabur Basin, the Jazira

Tuna Kalayc1 & John Wainwright

Herd animals are significant agents of landscape
transformation. Their repetitive movement may result
in track formation while also reducing or completely
eliminating vegetation growth along those tracks
(Apollo et al. 2018). Herds can also drastically alter the
geomorphology of a region so that new hydro-land-
scapes are born out of their movement (Butler 2006).
In great numbers, animal droppings can introduce
pathogens to the soil and adversely affect productivity
and watersheds (Tate et al. 2003). Conversely, specific
grazing patterns may result in better soil fertility (e.g.
Cao et al. 2018). Also, the level of compaction may
vary with different grazing intensities and soil types
(e.g. Hiernaux ef al. 1999). Furthermore, amounts of
nutrition return to the soil in animal faeces and urine
(Haynes & Williams 1993).

To balance the negative and positive impacts, the
management of herding practices is a concern across
the globe. In order to mitigate the adverse effects of
animal movement, scholars have investigated the rela-
tionship between herding and soil-treatment practices
(e.g. Franzluebbers & Stuedemann 2008), pests (e.g.
Goosey et al. 2005), soil chemical properties (e.g. Li
et al. 2008), and plant diversity (e.g. Ludvikova et al.
2014). Although seemingly a modern phenomenon,
similar issues must also have been observed in the past,
especially around large urban centres where humans
and animals co-existed in considerable numbers (Archi
1990, 19; Sallaberger 2014, 101).

The Jazira Region of Upper Mesopotamia, and in
particular its Khabur Basin, offers an ideal case study
for investigating the impact of herd movement on the
landscape using a quantitative approach. The evidence
of movement remains visible today in the form of linear
features, known as hollow ways (Wilkinson 1993), which
are especially evident on aerial and satellite imagery
(Ur 2003). The hollow ways have already been docu-
mented in great detail (Ur 2017) . Despite the available
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scholarship on the topic (Casana 2013; Wilkinson et
al. 2010), the ways in which past societies managed
herd movement and the impact of herd movement on
landscape formation remains an intriguing question.
In this chapter, we investigate the herd movement
around Tell Brak (ancient Nagar) and the impact of
treading on the landscape using an agent-based model.
Wainwright & Millington (2010) suggest that Agent
Based Models (ABMs) with their bottom-up structures
can be invaluable for integrating human activity into
landscape studies. This is especially significant since
an agent-based approach also provides the means for
an empirical analysis. Therefore, an ABM can be used
to explore the emergence of hollow ways and shed
light on the landscape evolution of Upper Mesopo-
tamia. The methodology to be used in this chapter
includes exploring various scenarios with different
levels of rainfall and moisture loss, as well as varying
numbers of animal agents on a realistic landscape. The
proposed methodology is expandable to other sites in
the Jazira region and to other regions exhibiting similar
background characteristics as the Jazira.

The Jazira
The Jazira is the vast area between the banks of the
Upper Tigris and the Euphrates Rivers. It falls within
the modern-day borders of Syria, Iraq, and Turkey. To
the north, the region is bounded by the high-altitude
Taurus-Zagros Mountains. To the south, desert condi-
tions gradually form an arid landscape. The region is
composed of low-angled slopes. Other than two major
sedimentary ridges (the Jebel Abd al-Aziz and Jebel
Sinjar) and numerous mounded settlements of vari-
ous sizes, there are no obtrusive features in the gently
undulating landscape (Wilkinson 1990) (Fig. 12.1).
The drainage system of the Jazira includes ephem-
eral wadis and perennial streams, the most prominent
of which are the Balikh and Khabur Rivers (tributaries
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Figure 12.1. Upper Mesopotamia lies between Tigris and Euphrates Rivers. The Khabur Basin is part of the Euphrates
River. The intensification of agricultural production is visible on Landsat TM Mosaic.

of the Euphrates) (Wilkinson 1990). Springs in the area
provide water for perennial flow. The Khabur River is
mainly fed by the karstic springs of Ras al-Ain (average
discharge of 40 m®s') while the Balikh River gets most
of its water from the spring at Ain al-Arus (average
discharge of 6 m® s') (Llamas & Custodio 2003, 361).
The flow increases after the winter rains (Wirth 1971,
110), but is without high floods.

Soil types vary. Matar (1980, 72) suggested two
major categories in the wider region: soils which origi-
nate from hard limestones are red to reddish brown
and have clayey to clayey-loam textures, while soils
derived from softer limestones are lighter in colour
and usually have a higher lime content. Matar’s other
classification is related to the climatic pattern: soils in
the wetter region are dark brown with a clayey texture,
while those in drier areas are yellowish brown with
a silty texture.

The region has a dry climate. Today, the majority
of the precipitation falls between September and May,
and summers are hot with little to no rainfall. Due
to this aridity, streams and wadis must have played
significant roles in human occupation (Deckers &
Riehl 2007). The aridity increases north to south; the
300 mm isohyet sets the critical threshold for rainfed
agriculture (Wilkinson 1994). This threshold roughly
matches with the alignment of the Jebel Abd al-Aziz
and Jebel Sinjar.

There has been a significant amount of recent
land-use transformation in the Khabur. Hole & Smith
(2004) state that only a century ago the Khabur was
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home to migratory herders and that the basin only
recently became one of the most intensively cultivated
regions in the area. Nevertheless, starting in 2006 and
continuing for more than half a decade, Syria expe-
rienced multi-season, multi-year droughts. In 2008,
rainfall in eastern Syria dropped to 30 per cent of the
annual average. Wheat production based on water
sources other than irrigation dropped by 82 per cent.
Overgrazing, coupled with extreme dry conditions,
depleted animal food stocks and the herding economy
was drastically damaged (ASCAD 2011). Since then,
the civil war which began in Syria in March 2011 has
been further devastating the people and the land.

Herding practices: Some historical corollaries

During the 1980s, Gallacher (1980, 52) observed that
herds were brought from the Syrian steppes after
the cereal harvest and that animals were kept in the
area until the stubbles were ploughed. In the same
time period, but describing the wider Near East,
Huss (1980, 269) stated that herding was practised
by nomads or transhumant herders. In 1947, Row-
lands extensively wrote about the nomadic lifestyle
in the Khabur. In 1853, Austen Henry Layard noted
the Khabur for “its rich pastures [that] are the resort
of wandering tribes of Arabs’ (p. 195). In Ottoman
Syria (sixteenth to twentieth centuries), herders had
a dynamic socio-political character, and the division
between sheep tenders and villagers was not that
clear. In fact, individuals and small groups oppor-
tunistically shifted between sedentism and migratory
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herding, which in return created the conditions of
reciprocity between the sedentary and nomadic
groups (Douwes 2000, 22-3). In the eighteenth cen-
tury Bc, large parts of the Khabur were controlled by
the nomadic population (Sallaberger 2007, 418). The
Khabur was also occupied by sheep herders in the
first millennium sc (Hole & Smith 2004, 212).

In this condensed and considerably naive linear
historical narrative, the availability of grazing land
is the common denominator for a herding system
to survive and flourish. According to Smith (1980,
143), grazing land is the land that is not suitable or
not required for agricultural production. Following
this definition, one can further claim — albeit with a
simplistic assumption — that suitability for grazing
provides clues about environmental conditions and
that production requirements point to socio-economic
and political considerations.

As for the environmental conditions, Smith
(1980) drew a somewhat sharp line by suggesting
that fodder production is possible in areas where
precipitation is more than 350 to 400 mm per annum.
Therefore, large herds can be maintained only when
there is enough crop surplus. Herd maintenance is
also possible when there are crop by-products which
are suitable for livestock feeding and/or when ley
farming is required to ensure soil fertility. Finally,
herd animals also can be kept in order to mitigate
climatic variations, especially when precipitation
levels drop below a critical threshold.

The socio-economic and political preconditions
of herd movement and control also are worth noting.
The hema (pl. ahmia) was one of the earliest forms of
land grazing systems. The Near Eastern hema imposed
grazing prohibitions during the wet season in order
to establish a reserve for the exclusive use of certain
groups during the dry season. Draz (1980, 295-6)
classified the ahmia into three types: full prohibition,
seasonal prohibition, and restricted grazing (in which
the number and types of animals are specified). The
hema was also imposed for beekeeping, and the graz-
ing restrictions were removed when the flowering
season was over. Finally, the hema was used to protect
forest trees. In Syria, Draz reported a large number
of hema-like reservations with the local name mahmia.
Koze, the Kurdish word for Hema, has been also traced
along the Syrian-Turkish-Iraqi borders (1980, 296).

Herding practices during the Bronze Age

The Jazira witnessed significant cultural develop-
ments during the Bronze Age. Especially during
the second half of the third millennium Bc (mid-to-
late Early Bronze Age), rapid urbanization and the
intensification of agricultural production shaped a
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completely new landscape. A distinct hierarchical
settlement pattern was born in this period which sug-
gests a dichotomy between the urban and the rural.
The new urban economy needed large quantities of
surplus staples (Kalayc1 2013). The change must also
have necessitated the disciplining of the settlement
hinterlands. The delicate balance between the large
number of herd animals — in particular the sheep,
which were kept primarily for their wool — and the
calorific needs of humans and animals (which were
mainly satisfied through rain-fed agricultural produc-
tion) created a unique movement landscape in Upper
Mesopotamia (Fig. 12.2).

In this archaeological setting, two groups of
hollow ways were formed: (i) those radiating from
the settlements and abruptly terminating after run-
ning for two to three kilometres, and (ii) longer
hollow ways connecting various Early Bronze Age
settlements together. Wilkinson (1993) suggested
that the first group of hollow ways were used for
controlled transportation of flocks from settlements
to open pasture land. While moving, livestock was
kept together to minimize crop damage, and when
the production boundary was passed, flocks were
allowed to disperse in open pastureland. As a result
of their continuous use by herd animals — but also by
farmers and carts — linear depressions were formed
around the settlements. The second group of hollow
ways must have been used for the transportation of
agricultural surplus, other commodities, and gift
animals from one settlement to another.

Hollow ways around Tell Brak
Tell Brak is one of the most prominent settlements in
the Khabur Basin. Occupation at the site began as early
as the Halaf Period (mid-seventh millennium Bc), and
with some ebb and flow it continued until the Late
Islamic/Ottoman Period. The total occupation area
is around 300 hectares, but it appears that the site
was never settled in its entirety at a single point in
time (Ur et al. 2011, 3). During the mid-to-late third
millennium sc, the epoch of urbanization in Upper
Mesopotamia also affected the settlement. The inten-
sification of agriculture, alongside the controlled
movement of flocks, formed the signature off-site
features, the hollow ways. The lower town may have
been abandoned at the end of the Akkadian period
and the area of occupation reduced in size, based
on the lack of diagnostic post-Akkadian ceramics
in this area (Ur et al. 2011, 12). The site (especially
its lower town) attracted residents once again in the
Late Bronze Age.

Based on the assessment of historical CORONA
imagery, Ur (2003, 110) identified 48 hollow-way
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Figure 12.2. The Khabur Basin was criss-crossed by a dense network of hollow ways. The white dot marks the location

of Tell Brak.

segments with a total length of 67.1 km and an aver-
age length of c. 1.4 km. The radial pattern is evenly
distributed except in the site’s southeastern catchment
(Fig. 12.3). The absence in this area is attributed to
the impact of irrigation during the Abbasid Period
(c. ap 600-1000) (Ur et al. 2011, 16). The geoarchaeo-
logical study by Wilkinson et al. (2010) shows that
the hollow ways started to form in the landscape in
the Early Bronze Age (or slightly earlier) where their
fills also indicate low-energy sediment movement
accompanied by weak soil formation.

Herd animals as geo-agents of landscape
transformation

Herd animals apply pressure on the ground and
deform soils. The deformation process generally leads
to a reduction in soil porosity and an increase in soil
bulk density (Drewry & Paton 2005). In return, the
infiltration capacity of the soil decreases a (Mulhol-
land & Fullen 1991) and surface runoff shapes a new
physical environment (Di et al. 2001). The process also
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results in increased wind erosion, especially after a
new plasticity level is reached when the soil dries out.
The pressure exerted on soils depend on two
variables: the weight of the animal, and the contact
area between the hoof and the soil surface (Fig. 12.4).
In mathematical terms, the pressure is defined as:

p=F/A;

where p is the pressure (Pa), F is the magnitude of the
normal force (N), and A is the area of surface contact
(sq. m). This relationship suggests that the pressure
increases as the animal weight increases, or as the
hoof area decreases. Therefore, it can be deduced
that different species exert different pressure on the
ground. Furthermore, the sex and age of an animal
determine its weight as well as its hoof area, such
that applied pressure can be variable even within
the same species.

For instance, the Awassi sheep, which is the most
common species in Iraq and Syria, weighs around
4 kg at birth and can reach up to 70 kg as an adult.
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Figure 12.3 (above). A scene from a CORONA historical satellite image (DS1102-1025DA013) preserves the details
of the radial route system around Tell Brak. The layout of the system is clear. Notably, hollow ways appear to be missing
southeast of the site.

Figure 12.4 (left). Variable
herd movement strategies
differentially alter landscapes.
Animals walking in a straight
line (below) tend to form
paths relatively quickly.
When scattered, the impact of
treading is less visible (above).
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If one assumes a 2,000 sq. mm hoof area, then an
Awassi would exert around 90 kPa of pressure per
hoof. South Anatolian red cattle are around 25 kg
at birth, and as adults, males can reach 600 kg and
females up to 450 kg. If one assumes a 10,000 sq. mm
hoof area for the South Anatolian, then the pressure
exerted per hoof is around 150 kPa for males and 110
kPa for females.

When a healthy animal is standing, the weight
is equally distributed among the four hoof areas. The
total pressure increases when the animal begins walk-
ing and contact with the ground occurs between only
two to three hooves at any given time. The pressure is
further increased when the hoof is not in full contact
with the soil surface due to microtopographic vari-
ations (Di et al. 2001). Therefore, the actual pressure
metrics are much more variable than the abovemen-
tioned algebraic formula, which represents estimates
of the minimum pressures involved.

The species and the age of the animal also
determine its shoulder height and, in return, its
stride length. The stride length, which is the distance
between each step, dictates the number of steps an
animal must take to travel a given unit of distance.
Thus, the cumulative impact of movement on soils is
not only determined by the number of animals, but
also their stepping frequencies. At the same time,
stepping frequency is a function of herd size above
a threshold; for large herds the movement of one
animal affects the trajectory and speed of another.

The mechanics of soil deformation

Soil deformation is determined not only by hoof pres-
sure, but also by the texture of soil and its moisture
content. The size and arrangement of soil particles
determine the volume and configuration of pores
in the soil. Essentially, the force under the hoof
area changes the porosity and, thus, determines the
water-holding capacity of the soil (Houlbrooke &
Laurenson 2013).

Soil deformation is usually limited to the upper
50-150 mm layer of soils. Once the compaction takes
place, itis only a slowly reversible process, for instance,
due to the reduced activity of microfauna in the soil
(Drewry 2006; Greenwood & McKenzie 2001) or the
effect of wetting/drying or freezing/thawing. Defor-
mation causes variations in the physical properties
of soils which, in turn, affect vegetation growth and
productivity (Bell et al. 2011). Based on the level of
water content in a given area, soil deformation can
follow three different paths: compaction, pugging,
and poaching. Any of these processes can occur in
the area depending on the season and timing of the
herding event, relative to precipitation events.
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a) Compaction

Compaction is the compression of unsaturated soils
which results in the reduction of the unit volume.
(Canillas & Salokhe 2001). When an animal exerts
pressure, the soil particles under the hoof area are
pushed closer to each other. Repetition of this event
eventually results in increased soil bulk density (Di et
al. 2001). For some disturbances, the soil shear strength
decreases when the surface is disturbed by animals
(see Table II in Parsons & Wainwright 2006)

b) Pugging

Pugging is the process by which the animal hoof leaves
a deep print in wet soil (Drewry 2006). When the hoof
leaves the soil, the imprint remains intact, resulting
in rough and uneven soil surfaces. However, it is
not only the water content but also the texture of the
soils which determine the level of pugging. Soils with
higher clay levels are more plastic than other types
and, thus, more susceptible to pugging (Kellett 1978
in Bilotta et al. 2007)

c) Poaching

Poaching is the deformation which occurs when the
hoof penetrates the (over-)saturated soil surface as
well as the soil below (Drewry 2006). Since the soil
is slurry, there is considerable structural recovery at
the end. Nevertheless, poaching tends to reconfigure
fine soil particles and may result in the formation of
surface pans as the soil dries out.

Methodology

Agent-Based Modelling

Agent-Based Modelling (ABM) is a computational
technique within which a group of decision-making
entities (called ‘agents’) interact with each other and/
or with other types of entities in a synthetic environ-
ment. The interaction is based on a set of explicitly
defined rules, which may range from simple deci-
sions to complex spatio-temporal phenomena. What
is especially compelling with ABM is its potential for
capturing emerging processes from the bottom up
(Bonabeau 2002).

An ABM is also useful when there are little or
no available empirical data. Simulated agents and
their synthetic interactions with the landscape — and
each other — may generate patterns which then can
be cross-examined with other observed proxy vari-
ables. Therefore, an agent-based model can be used
to build numerous scenarios and then investigate
their viabilities. ABMs can be extremely beneficial
tools in modelling dynamic feedbacks on landscape
(Wainwright 2008; Wainwright & Millington 2010),



An abstract Agent-Based Model (ABM) for herd movement in the Khabur Basin, the Jazira

but in most current examples the agents operate in a
static landscape and their feedbacks are thus limited.

As a spatio-temporal discipline, archaeology
has greatly benefited from the scalar flexibility and
modelling benefits of ABMs (e.g. Premo 2006; Kohler
et al. 2008; Janssen 2009; Chliaoutakis & Chalkiadakis
2016). In particular, the integration of ABMs with
Geographic Information Systems (GIS) (e.g. Brown et
al. 2005; O’Sullivan 2008; Davies et al. 2019) appears to
be a path forward, as these two computational envi-
ronments complement each other in multiple respects.

An Agent-Based Model for Tell Brak

The ABM was built using NetLogo 6.0.4 with the Cf
extension (Wilensky 1999). It is an abstract model with
agents walking on actual terrain. Abstraction is due to
the fact that physical laws which determine pressure,
compaction, and erosion are not directly simulated
in this first approximation. Rather, the model is built
using a series of parameters. The model mainly aims
to investigate:

e the role of herd animals as geomorphic agents,
the impact of rainfall variation on the formation
of hollow ways, and

the impact of hollow ways on the geohydrological
landscape of the Khabur Basin.

Terrain

The background terrain of the ABM was built using
the TanDEM-X Digital Elevation Model (Figs. 12.5
and 12.6). The pixel spacing of the TanDEM-X DEM
depends on the latitude of observation. For the Tell
Brak area, the spatial resolution is c¢. 11.25 m.

In order to ensure a smoother terrain (and to
compensate for the DEM generation defects) a Gauss-
ian Filter was applied to the DEM using QGIS (Search
Mode: Square, Search Radius: 3 pixels, Standard
Deviation: 1 pixel) (Fig. 12.7a). For the second step of
DEM processing, a sink fill algorithm was used using
SAGA in order to approximate the terrain prior to
landscape deformation due to herd movement and
other hydrological processes (Qm of Esp, Fill Incre-
ment: 0.2 m) (Fig. 12.7b). The final DEM was fed to
the ABM after converting the data type from floating
point to integer.

(Modified) Hollow ways

The radial configuration of the hollow ways around
Tell Brak is complex. In order to give herd animals
an equal chance of picking a hollow way at random,
a buffer was set around the site and the hollow ways
were clipped out from this zone (Fig. 12.8). Therefore,
animals starting their journey from the centre of the
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settlement have equal distances to travel until reaching
any predesignated road. Once an animal starts walking
on a hollow way (which is the action that is considered
to be the prime driver of hollow way formation), the
surface erosion starts.

Agents

In the abstract ABM, there are four types of agent: two
related to herd animals and two for the background
setting. Herd animals are represented as ‘sheep” and
‘cow” agents. Due to their differential weights and hoof
areas, they exert different pressure levels on soils. The
third agent is the ‘raindrop’. As previously discussed,
soil moisture is one of the main determinants of soil
erosion resulting from herd movement. Therefore, in
order to investigate various precipitation scenarios
and to explore the potential impact of soil-moisture
variations on surface erosion, raindrops populate the
model. The fourth and last agent is the hollow way.
These agents act only to guide the others’ movement
and help calculate erosion levels for given agent
locations, but they do not have an impact on the cal-
culations themselves.

Parameters and rulesets
For the sake of simplicity and in order to reach a
solution faster, animal agents are considered to apply
differential pressure based on multipliers rather than
specific pressure estimates detailed above. Using
pressure estimates would have resulted in longer
model-run times since hollow ways were actually
formed by daily movement of animals which lasted
for centuries. Unrealistically increasing the pressure
levels using multipliers shortened the development of
hollow ways. In this way, it was also possible to use
smaller numbers of animal agents (hundreds instead
of thousands) which reduced the number of agents
at a given step of a run. However, it is important to
note that increased modelling efficiency comes at
the expense of obtaining realistic surface erosion
estimates. In other words, the final level of erosion
after each model run is only evaluated qualitatively.
The intensity and duration of rainfall can be
adjusted so that different climatic scenarios can be
explored. When the ‘raindrop’ agent falls on the
ground, it wets soil with a certain parameter value
and it reflects the infiltration process and is based on
soil formation. The ‘raindrop” agent also wets patches
around the initial location with a second user-defined
parameter reflecting the runoff process. In order to
represent soil-moisture loss due to evapotranspiration
and drainage, the soil dries at a rate determined by a
third parameter. The boundary patches of the model
are set as the outlets where excess water drains. The
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Figure 12.5 (above). Hollow ways
(as depressed linear features) are
also visible on the TanDEM-X
Digital Elevation Model (DEM).

Figure 12.6 (left). Variations in
profiles may indicate differential
traffic, hydrological systems,
and/or preservation conditions.
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Figure 12.7. (1) TanDEM-X DEM around Tell Brak; (b) the DEM after Gaussian Filtering and Sink Filling in order
to ‘approximate’ the terrain prior to incision due to herd movement. After the sink filling operation, the hollow ways
disappear while changing the original elevation values.

Figure 12.8. Since there is
little knowledge as to where
the herd animals began
branching out when outside
of the city, the ABM gives
herd animals an equal chance
of picking any given hollow
way. To accomplish this, a
circular zone is set around
Tell Brak and the hollow ways
are removed to ensure equal
distance between the initial
location of an animal agent
and the starting point of the
hollow way.
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inclusion of surface runoff in the model is inspired by
the erosion model of NetLogo (Dunham et al. 2004).

Three hierarchical soil-moisture classes are
defined to determine if moving animal agents cause
soil compaction, pugging or poaching. The levels
of erosion are different for each of these classes. To
reduce computational cost, and thus, to decrease the
model run-time, erosion due to animal treading is set
to zero around the site (Fig. 12.8, hatched area). The
erosion initializes when an animal agent sets foot on
a hollow way.

Initialization and model run

The herd animals’ journeys start from the centre of
Tell Brak rather than from the city gates since the
exact locations of the city gates are not known (Ur et
al. 2011). The animal agent randomly sets a heading
and begins walking outwards. When the no-erosion
zone is passed, it redirects itself towards the closest
hollow way. Once on a hollow way, the agent variably
erodes the patch (i.e. lowers its elevation) depending
on the breed of the agent (sheep or cow). When an
agent reaches the terminal point of a hollow way, it
is removed from the model domain.

The water level of a patch at the time of treading
also determines different levels of erosion. Surface run-
off occurs when the water amount (plus the elevation
of the patch) exceeds the elevation of neighbouring
patches; that is the water spills out towards the low-
est elevation around it. Therefore, the combination
of animal movement and surface runoff governs the
development of the hollow ways.

Results

The abstracted ABM for the herd movement around
Tell Brak reveals clues about the emergence of hollow
ways and their intrinsic relationship with rainfall, soil
moisture, and hydrogeomorphology. Thanks to the
flexibility of ABMs, it is possible to explore how the
landscape around Tell Brak might have co-evolved
due to cultural and natural processes. As anticipated,
the ABM unearths more questions than answers due
to its heuristic and dialogic properties (Millington &
Wainwright 2017).

Under conditions of no precipitation, the animal
agents remain the sole landscape modifiers. While
this is an unrealistic scenario, it is used to evaluate
the behaviour of the model. Their constant movement
within the predefined bounds of the hollow ways erode
the soil and the model converges to the expected radial
pattern (Fig. 12.9a). Despite the fact that the hollow
ways were initially assigned equal probabilities of
being selected, some were ‘chosen” more frequently
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than others even after many model-runs. However, the
abstracted ABM uses a modified (i.e. clipped) version
of hollow way topology and ignores intentionality in
route selection. Therefore, this preferential routing
is most probably due to modelling bias, for instance
due to a specific sequence of random numbers being
used by the ABM.

To give a specific example, one of the hollow
ways (see the dashed box in Figure 12.9a) was rarely
picked by the animal agents for each ABM run. It is
likely that the initial heading of an animal had a narrow
window walking towards this hollow way and a slight
change in the angle resulted in picking the neighbour-
ing routes. This outcome should be considered as an
artefact of the model rather than an actual condition
for Tell Brak. This is especially true since the hollow
ways were clipped and they lost their original spatial
configurations. Nevertheless, it throws some questions
on the topological relations of radial hollow ways
around settlements, and the issue on intentionality
on route selection.

In the second scenario (Fig. 12.9b), rainfall takes
place with a duration predefined by a parameter. This
scenario does not include moving animal agents. As in
the case of the previous scenario, the simplistic agent
set is used to evaluate model behaviour and to con-
verge to a solution faster. The ruleset causes erosion
only due to surface runoff. In this setup, when it stops
raining the moisture levels remain the same since there
is also no parameter representing evapotranspiration
or drainage event. Even though this is an unrealistic
scenario, it also rapidly approximates how the land-
scape around Tell Brak could have evolved under
solely natural causes. The locations of documented
hollow ways (in transparent red) do not align with
emerging water channels, This observation fits well
with Wilkinson’s argument on the lack of relationship
between local topography and the locations of hollow
ways (Wilkinson 1993, 548).

In the third scenario (Fig. 12.9c), it again rains
with a predefined duration, but animal agents are
introduced. As anticipated, treading causes most of
the erosion within the bounds of the hollow ways.
Furthermore, the hollow ways also facilitate surface
runoff, contributing to deeper hollowing. The emerg-
ing channel system bifurcates to the greatest degree
at cardinal directions. Moreover, water channels usu-
ally meet up with hollow ways not at terminal points
but rather at their mid-sections. Further modelling is
required in order to understand this behaviour.

In the fourth scenario (Fig. 12.9d), water loss is
introduced to make the ABM much more realistic.
When it stops raining, the water content is also reduced
due to evapotranspiration and drainage. This last
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Figure 12.9. The results of the ABM from four main scenarios. The hollow way in the red rectangle appears separately
in Fig. 12.10. The transparent red features indicate the original locations of hollow ways. (a) Hollow way formation
with no rain. (b) Landscape incision due to surface runoff and without animal movement. (c) Hollow way formation
with rainfall event. (d) Hollow way formation due to animal movement with even rainfall, but also with high
evapotranspiration.

variable drastically alters the model landscape and Conclusions

we observe the hollow ways acting as local water

collectors, which further contributed to pugging and This study aimed ‘to determine quantitatively how
poaching processes. A closer look (Fig. 12.10) atoneof ~ hollow ways contributed to the extension of regional
the hollow ways (rectangle in Fig. 12.9) clearly shows  hydraulic systems’ (Wilkinson et al. 2010, 768). We
the spatial details of three rainfall scenarios. followed an agent-based modelling approach due
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Figure 12.10. A close-up view of one of the hollow
ways (rectangle in Fig 9.) around Tell Brak. (a) Surface
runoff creates a hydrological landscape in the absence
of animal movement. (b) Hollow ways further facilitate
surface runoff when it rains. (c) Integrating water loss
into the ABM reveals a more realistic model for the
hydrogeomorphology around Tell Brak.

to the lack of empirical data concerning the hollow
ways. While doing so we also hoped to highlight the
significance of herd animals in the formation of land-
scapes. Humans not only shape their environment
with structures, such as irrigation canals, reservoirs,
and qganats, but also indirectly change it through dis-
ciplining nature (e.g. the hema).

Despite the level of abstraction in the model, it is
capable of capturing details of geomorphological evolu-
tion. The model shows the herding power of animals
and how they are capable of shifting the water channels
and creating new ones. If the hollow way in Figure 12.9¢
is an indication of this process, managing agricultural
fields around these radial route systems must have been
a concern in the Khabur Basin. This is also to say that
hollow ways may have been emergent phenomena, but
they also required external management.

The mechanisms of formation of hollow ways are
truly complex (Wilkinson 1993, 556-8). The abstracted
ABM we propose here only catches a glimpse of the
real-world problem. Still, it is a clear path forward.
As the first step, we will carry our model into Python
computational environment which will provide more
coding flexibility. In doing so, it will be also possible
to integrate realistic environmental simulations to our
work so that we can transition from an abstract ABM
towards more realistic scenarios. Replacing agent
multipliers with the specific hoof pressure estimates
will also contribute to this transition. Finally, we will
cross-compare the results of ABM with our work focus-
ing on satellite remote sensing (Kalayci et al. 2019).
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Fierce lions, angry mice and fat-tailed sheep

Animals have always been an integral part of human existence. In the ancient Near East, this is evident in
the record of excavated assemblages of faunal remains, iconography and — for the later historical periods —
texts. Animals have predominantly been examined as part of consumption and economy, and while these
are important aspects of society in the ancient Near East, the relationships between humans and animals
were extremely varied and complex.

Domesticated animals had great impact on social, political and economic structures — for example cattle
in agriculture and diet, or donkeys and horses in transport, trade and war. Fantastic mythological beasts such
as lion-headed eagles or Anzu-birds in Mesopotamia or Egyptian deities such as the falcon-headed god Horus
were part of religious beliefs and myths, while exotic creatures such as lions were part of elite symbolling from
the fourth millennium Bc onward. In some cases, animals also intruded on human lives in unwanted ways by
scavenging or entering the household; this especially applies to small or wild animals. But animals were also
attributed agency with the ability to solve problems; the distinction between humans and other animals often
blurs in ritual, personal and place names, fables and royal ideology. They were helpers, pets and companions
in life and death, peace and war. An association with cult and mortuary practices involves sacrifice and
feasting, while some animals held special symbolic significance.

This volume is a tribute to the animals of the ancient Near East (including Mesopotamia, Anatolia,
the Levant and Egypt), from the fourth through first millennia Bc, and their complex relationship with the
environment and other human and nonhuman animals. Offering faunal, textual and iconographic studies, the
contributions present a fascinating array of the many ways in which animals influence human life and death,
and explore new perspectives in the exciting field of human-animal studies as applied to this part of the world.
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