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INTRODUCTION

...Siccare Pomptinas paludes; emittere Fucinum lacum; viam munire
a mare Supero per Apennini dorsum ad Tiberim usque; perfodere
Isthmum...

This part of a Latin text can be found in the work De Vita Cae-
sarum by the Roman author Suetonius (c. 69-after 130 AD). It
describes the lives of Roman emperors and the quotation derives
from the life of Julius Caesar (source The Latin library). In trans-
lation it tells us

...he intended to drain the Pontine marshes, to cut a channel for
the discharge of the waters of lake Fucinus, to build a road from the
Adpriatic Sea passing over the Apennine mountains to the river Tiber,
to make a cut through the Isthmus of Corinth. ..

Julius Caesar was murdered before he could execute all these
plans, but his successors managed to carry out some of them.
The emperor Claudius, for instance, undertook the drainage of
Lake Fucinus, near I'’Aquila, Italy, which frequently inundated its
surroundings to the misfortune of local farmers. An impressive
complex of tunnels was built to achieve the drainage. The works,
dating to the 1% century AD, are still remarkable structures and
can be visited in the archacological site Parco dei Cuniculi.

The ‘taming’ of Lake Fucinus is an example of the manipulation
of the physical environment by humans. People have trouble with
water and do something about it. They alter their environment
according their wishes. This is not a trait exclusive to the Romans.
It is an essential part of human nature. In the following I will offer
some far-reaching examples.



FIREMAKING

The first example is firemaking. Fire has many applications. It can
be used for cooking, for making tools etc., but it is also a very im-
portant factor in the manipulation of the physical environment.
For instance, with fire humans are able to heat the temperature
of the air around them. They can control cold temperature. The
use of fire is generally thought to precede the actual production of
fire. Fire originating from lightning strikes or volcanic eruptions
might have been caught by humans, nurtured and controlled.
How far back such practices reach is open to hot debates (see for
instance Roebroeks and Villa (2011)). For me such sources of fire
are too chancy to count as tools to manipulate the environment
in a regular way. Manipulation requires reliable control and that

is provided by the skill of making fire (Figure 1).

The first humans able to produce fire at will were the Neandertals
in the Middle Pleistocene c. 50,000 years ago. This is inferred
from macroscopic and microscopic traces on certain tools. Mi-
crowear analysis indicates that some bifacial flint tools (bifaces)
may have been used to strike a hard mineral, probably pyrite, in
order to produce sparks (Sorensen ez al. 2018).

Fire can be used also in other ways to manipulate the environ-
ment. Hunter-gatherers alter their environment by burning to
improve the predictability and yield of animal as well as plant
resources. In ‘burning the land’” Scherjon ez al. (2015) suggest
that such off-site use might be as old as regular fire use. It is even
speculated upon that it might be as old as Neandertal presence in
Last Interglacial environments. The view that Neandertals were
just part of the landscape ‘furniture’ is contested by Roebroeks
and Bakels (2015). They argue that these hominins had technolo-
gies in the form of hunting tools and fire, and the knowledge to



Figure 1. Humans and fire. Painting by José Maria Velasco, Museo
Nacional de Arte, Mexico.



use them, although the deliberate use of fire to alter the landscape
is not visible in palaco-environmental records.

OPENING-UP LANDSCAPES

Opening-up landscapes is a practice that is part of human behav-
iour. Where no natural open space is available to dwell in, people
will create it. The man-made space needs not be to be large, and
the oldest occurrences may go undetected. An example of an
early small-scale deforestation was described by Bos and Janssen
(1996). They estimated the extent of human activity by means
of a series of pollen diagrams along a transect in a former Late-
glacial lake at Milheeze, southern Netherlands. Excavations had
revealed Late Palaeolithic Federmesser camps (10,500 BP) along
its margin. The transect followed a line from the centre of the lake
towards the shore. Pollen analysis showed a repetition of small-
scale, very local changes of the vegetation, which were contempo-
raneous with human occupation. Pine trees, the dominant tree in
that period at that location, gave way to an herb vegetation. The
changes are attributed to a small-scale human impact (Figure 2).

Creating open space was certainly not restricted to Milheeze,
but must have been a common activity. If it is assumed that the
number of humans grew during the Holocene, open space must
have become larger. Permanent occupation of sites made rapid

Figure 2. Pollen diagram from a lake at Milheeze, the Netherlands.
Pollen curves show % values (black) plus 5x exaggeration (grey). The
decline in pine (Pinus) pollen starts in vegetational zone B and ends
during zone F. The decline and minimum are contemporaneous with
a Late Palaeolithic occupation of the lakes shore. Source: Bos and
Janssen (1996).
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recovery of the original vegetation difficult, if not impossible. The
combination of opening-up for hunting-gathering through burn-
ing and opening-up for dwelling must have given the first push
towards the disappearance of forests in landscapes where trees are
supposed to dominate the climax vegetation. Later, the shift from
hunting-gathering to farming resulted in an open landscape.

Roberts ez al. (2017) provided an overview of the deforestation of
Europe. They conclude that serious forest loss has been a domi-
nant feature since 6000 years ago, resulting in a mosaic of forest
and non-forest. Today forest covers less than half of Europe’s sur-
face, northern Europe included (Roberts ez al. 2017).

Deforestation by humans is not restricted to Europe. It is a world-
wide phenomenon. Many studies have reported on this kind of
manipulation of the environment and its results. A compilation
of 632 records globally by Jenny e al. (2019), for instance, has
amply shown this.

ANIMAL HUSBANDRY AND PLANT CULTIVATION

As mentioned before, hunter-gatherers may have manipulated
their environment through burning in order to facilitate hunt-
ing. Forest clearance may have promoted the growth of desirable
plants. One of these plants is hazel. Although this shrub tolerates
some shade, it thrives best when tall trees are absent, for instance
at forest edges. In north-western and Central Europe hazel pre-
ceded the taller deciduous trees when the forest returned after
the Last Ice Age. This is neither the case in the southern Alpine
area nor in previous interglacials (Finsinger ez /. 2006). Huntley
(1993) wrote that a unique combination of climatic conditions
during the early Holocene, perhaps along with a high fire fre-
quency that resulted from these conditions, favoured the rapid
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spread and dominance of hazel for several millennia in north and
Central Europe. Warm summers and frequent summer water
deficits, combined with still cold winters would have delayed the
expansion of tall deciduous trees (Huntley 1993).

The dominance of hazel was contemporaneous with the Early
Mesolithic hunter-gatherers. It might fairly have been that the
natural fires suggested by Huntley, were supplemented by hu-
man action. Hazelnuts are very common finds in Mesolithic sites
(see for instance Holt 2010).The nuts were much appreciated,
because they have high value as food and keep well in storage,

and several authors suspect the Mesolithic population of north-
western Europe of active promotion of the growth of hazel in order
to obtain extra quantities of hazelnuts for winter-store (Smith

1970; Zvelebil 1994; Bos and Urz 2003) (Figure 3).

Pinus sylvestris  Corylus avellana Salix Populus Open water
(pine) (hazel) (willow) (poplar) vegetation
] L d e e v #
Betula Prunus padus Crataegus  Cornus sedges reed-swamp
(birch) (bird cherry) (hawthorn)  (dogwood)

Figure 3. Reconstruction of the Mesolithic landscape of the middle
Labn valley, Germany, showing the dominance of hazel near the
campsite depicted at bottom right.  Source: Bos and Urz (2003).
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This kind of manipulation of the environment culminated in the
development of animal husbandry and plant cultivation. The wish
to have the main sources of food at hand and on a more or less
predictable scale must have triggered the advent of agriculture.
The shift to an active production of food took place almost every-
where in the world, although not at the same time. In the Near
East animal domestication started some 11,000-10,000 years ago
(Vigne 2011). The first crops appeared at the same time (Willcox
2007; Weiss and Zohary 2011). China domesticated pigs from
6000 BC onwards (Vigne 2011) and knew at least two centres of
plant domestication, one based on rice with a start around 7000
BC or even earlier (Molina 2011) and one based on millet, start-
ing around 8000 BC (Lu ez al. 2009). A few thousand years later
agriculture was practiced in South America, Mesoamerica and New
Guinea (Stahl and Norton 1987; Piperno 2009; Denham ez al.
2003). In all these parts of the world this step in the manipulation
of the environment was taken independently.

MANIPULATION OF SOILS

The production of food led to another kind of manipulation i.e.
improvement of the growing conditions for crops. Manuring
and water management were the next step. Today the application
of stable-isotope analysis to the remnants of crops provides the
check that such practices were indeed carried out, without the
need for establishing this by proxies such as phosphate analysis of
ancient soils or the mapping of irrigation canals.

The ratio of the nitrogen isotopes N and N indicates manuring
and the ratio of the carbon isotopes *C and C measures water
conditions. The analysis can be applied even to charred seeds. In
this way it could be established that Bronze Age farmers (1500
BC) in the north-western Netherlands manured their soils (Bakels

12
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Figure 4. The ratio of N values, §° N values (Y-axis), of charred barley
and emmer wheat from Bronze Age sites in the north-western Nether-
lands. The black bars indicate the base-line, i.e. the values belonging
to the cereals grown without manure. The Bronze Age values exceed
the base-lines to a considerable extent, proof of substantial manuring.

2018) (Figure 4). In Denmark Kanstrup ez a/. (2014) found that
the positive effect of manuring was recognized through the whole
period of early agriculture, and that substantial and systematic
manuring occurred in the Early Iron Age (500 BC).Stable isotope
analysis showed that during the late Uruk to Early Dynastic III
period (3500-2350 BC) irrigation was practiced at Abu Salabileh
(Iraq) (Wallace ez al. 2015).

Nevertheless, the proxies provide very valuable information, es-
pecially in the case of water management. Abu Salabileh is situat-
ed along an irrigation canal branching off the river Euphrates. In
this region, Mesopotamia, ancient river channels are well mapped
and are seen to have been intentionally modified into canals (Ja-
cobsen and Adams 1958; Gibson 1974). The oldest system dates
to 3000-2400 BC (Jacobsen and Adams 1958).
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Canal irrigation was, and is, practiced also in other parts of the
world, for instance in the Indus region, China, Mesoamerica and
Peru (Spooner 1974; Schjellerup 2016). Irrigation on the north
coast of Peru started perhaps as early as 4000-3000 BC, although
on a very small scale. More substantial irrigation is reported from
the 1 millennium BC, whilst the major works in Peru seem to
belong to the 1* millennium AD and later (Denevan 2001, 143).
Such systems have a considerable impact on the landscape and
can truly be classed as a major manipulation of the physical envi-
ronment. In the region traversed by the river Diyala, a tributary
of the river Tigris, Mesopotamia, all settlements in a 9000 km?
area were dependent on irrigation as early as 1800-1700 BC (Ja-
cobsen and Adams 1958) (Figure 5). Engel (1976) writes that in
the Canete valley on the Peruvian coast the initial 1500 ha of ar-
able land expanded through irrigation into 15,000 ha.

Another way to bring water to arable land too dry for growing
plants is the ganar. Subterranean tunnel-wells (ganats) are gently
sloping tunnels connecting a place with a reliable groundwater
level with a place where a reliable presence of water is required.
Water flows in a natural way down the slope with minimal loss.
The tunnels have to be dug; to give the diggers access to air and a
means to remove the spoil vertical shafts are constructed every 50
to 150 m along their course (English 1968). The tops of the shafts
are surrounded by the excavated earth and display well visible
lines across the landscape. The tunnels can be very long. Those at
Kirman (Iran) extend over 50 km (Figure 6 and 7).

The qanat is considered to have been invented in pre-Achaemenid
Persia, that is before 600 BC. From there the technology spread
to Central Asia, western China, North Africa, Spain, the Canary
Islands and even to Europe north of the Alps. For instance, qanats
delivered water to the Roman town Trier, Germany, and farms
in its neighbourhood (Kremer 1999). Mesoamerica and South

14
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Figure 5. Early canalized watercourses and settlements (dots) in the
Diyala region. Double lines indicate the oldest system. The meander-
ing river is the river Tigris. The bar at bottom right represents 10
miles. Source: Jacobsen and Adams (1958).
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Figure 6. Qanat in section and from above. Adapted from English
(1968).

Figure 7. Qanat at Erg Chebbi, Morocco. Photo W.J. Kuijper.
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America have qanats as well. The system was introduced by the
Spaniards, but something like a qanat may date already as far
back as pre-Columbian times (English 1968).

ENLARGING SURFACES

Improving soil and land is one thing, enlarging the usable surface
is another. Slopes are prone to provide difficulties. The way to

handle them is terracing. Converting slopes into a series of level,
horizontal strips was and is practiced world-wide (Arndez et al.
2015 and the references therein). A common method is to build
stone walls that act as risers to support the treads of level soil
(Figure 8).

Figure 8. lerraces on a slope in Yemen. Photo C.C. Bakels.
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Dating terraces is notoriously difficult as the walls have to be
maintained, repaired and rebuilt over and again. Remnants of
material culture such as ceramics are of limited use, because they
are often displaced and the same is true for charcoal. At present,
OSL dating of accumulated earth is considered to offer more reli-
able results (Avni ez 2/. 2013). With this method Avni ez 2/. found
that systems in the Negev highlands dated to the 4"-11% centuries
AD, younger than the previously assumed 17" centuries AD.
Notwithstanding this warning, it may be said that terracing is an
old practice. In the Near East and the Mediterranean terracing
slopes dates back to the 2" millennium BC (Asins-Veles 2006).
According to Brooks (in Denevan 2001), terrace construction in
the Andes (Colca valley) dates back to 2480-2320 BC. Other sys-
tems in South America were established by at least 900-200 BC,
but the main and most impressive pre-Columbian terraces were
built by the Incas in the 13®-15" centuries AD (Goodman-Elgar
2008; Schjellerup 2016).

A different way to enlarge surface is land reclamation. Convert-
ing marshes, lakes and parts of the sea into habitable land is a
practice of which the (pre)history is hardly studied. According to
Suetonius, cited above, Julius Caesar wanted to drain the Pontine
marshes, and Roman emperors after him tried to achieve this.
The capital of the Aztecs, Tenochtitldn, the predecessor of the
city of Mexico, was initially founded on two islands in a lake,
Lake Texcoco, but when the inhabitants sought to enlarge the
city, they created artificial islands for residential space and gar-
den plots (Calnek 1972). This was done in the first half of the
14" century AD. Artificial islands, known as chinampas, are still
in use around Mexico City as horticultural land. They comprise
2000 ha and are recognized by the FAO as an Agricultural Heri-
tage System (source FAO regional office for Latin America and
the Caribbean) (Figure 9).

18



Figure 9. Chinampas. Source Wikipedia.

The Dutch started to reclaim parts of the sea in the Middle Ages
(see for instance Hacquebord and Hempenius 1990) (Figure 10).
Today complete new stretches of land are created in several parts

of the world.

PROBLEMS

My aim in offering the examples presented above is to demon-
strate that the manipulation of the physical environment by hu-
mans is nothing new. People have always tried to make the envi-
ronment better for themselves in their own eyes. Obviously, this
is part of human nature. The manipulations resulted in visible
alterations of the earth’s terrestrial surface and atmosphere. The
ends were gained: people need not huddle in the cold anymore,

19



tgang van de in de Fi

Uithuizermeeden,

& Uusquert

@ Uithuizen
@ Warffum

N
Rottum
[ ]

@ Kantens

.Middelstnm

A
Westeremden

Stedum
{

— Ocver Fivelmonding

Kustlijn 15¢ eeuw

Bron: Hacquebord en Hempenius, 1990, 42

Figure 10. Medieval land reclamation in the mouth of the river Fivel,
northwest Groningen, the Netherlands. Red line, the original shore;
green line, the 15 century coast-line; broken line, present coast-line.

The ciphers indicate the year of reclamation. Source Hacquebord and
Hempenius (1990).
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live in light and open space, and control their food supply. That
is, in general.

Manipulation can run out of control. I will not present a list
of problems, but there are two problems I wish to dwell upon,
because they are long-standing and have to be mentioned in a
lecture intended for archaeologists.

The first is soil salinity. Shadid ez /. (2018) wrote “soil salinity
is a major global issue owing to its adverse impact on agricul-
tural productivity and sustainability... The association between
humans and salinity has existed for centuries and historical re-
cords show that many civilizations have encountered problems
due to increases in the salinity of agricultural fields”. Much of
the salinization is the result of irrigation. A well-known example
is Ancient Mesopotamia (Jacobsen and Adams 1958), where as
early as 2400 BC problems were felt related to salt-induced land
degradation. Irrigation water always contains soluble salts. An
accumulation of these salts in soil occurs in cases of imbalance
between evaporation and precipitation, and salts are not leached
but remain in the upper soil layers. Unless the salts are washed
down they impede the growth of plants. Uncontrolled irrigation
in combination with inadequate drainage ends in salinization. In
Mesopotamia increasing salinity led to a shift from the cultiva-
tion of wheat to the more salt-tolerant barley, and a decline in

agricultural yields (Jacobsen and Adams 1958).

Another instance is the occupation history of the lower Vira Valley
in Peru. There irrigation began between 800 BC and 30 AD, but
from 1200 AD onwards the population of the valley declined
considerably and people resettled more upstream (Willey 1953).
The decline is partly ascribed to salinization of their fields. Accord-
ing to Shadid ez a/. (2018), today some ten million ha of irrigated
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land has had to be abandoned annually because of salinization
and related problems.

'The second major problem is soil erosion. Van Andel ez a/. (1990)
wrote “soil erosion resulting from human exploitation of the land
has attracted much public and scientific interest. Being regarded
mainly as a modern phenomenon, however, its prehistoric and
historical extent remain largely unexplored”. These authors fo-
cused on Greece and concluded that most recorded Holocene
erosion events are related to human interference in the landscape.
A major phase of erosion took already place in the Late Neolithic
to Early Bronze Age, that is mid-4" to mid-3" millennium BC
(Van Andel ez 2/. 1990).

Other reports come from China. He ez al. (2004) studied the
north-western loess plateau, which originally was a high, flat
plain. At present it is a gully-hill landscape due to mass soil ero-
sion. Deep gullies occupy 30-50% of the landscape. The cause is
natural erosion and human induced erosion, but the latter was

four times as intense as the former, and started 3000 years ago
(He et al. 2004).

Jenny er al. (2019) wrote “accelerated soil erosion has become a
pervasive feature on landscapes around the world and is recog-
nized to have substantial implications for land productivity,
downstream water quality, and biochemical cycles. However, the
scarcity of global syntheses that consider long-term processes has
limited our understanding of the timing, the amplitude, and the
extent of soil erosion over millennial scales”. They concluded on
the basis of a study of lake sedimentation rates world-wide, that a
significant portion of the Earth’s surface was subjected to human-
driven erosion already 4000 years ago.
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CONCLUSION

In focusing on large-scale manipulations of the physical environ-
ment | have tried to demonstrate the impulse felt by humans
to do something about the world they live in. The existence of
such an impulse can be traced back as far as 50,000 years ago.
Modifying environments is not a trait exclusive to humans. Many
animals do something about their environment as well. Jones ez
al. (1994) provide a substantial list of animals and even plants. A
clear example is dam-building by beavers (Figure 11). But humans
have gone to greater lengths and all ‘improvements’ are still val-
ued today. Fire, open space, agriculture and the ability to enlarge
usable surface are assets of present life. All require technical abili-
ties with increasing complexity when placed in a chronological
order. The last mentioned, enlarging the surface, is the youngest
and the most complicated when applied on any substantial scale.

Figure 11. Dam built by a solitary beaver in the rivulet De Roode
Beek near Sittard, the Netherlands.
Photo W. de Koning http://europesebever. blogspot.com/.
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