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3.1 INTRODUCTION

Most of the countryside of northwestern Europe is characterized by an
absence of forest. Indeed, forest covers only about 25% of France, 27% of
Germany, 10% of The Netherlands and 8% of England and Wales; in west-
ern Europe only 1% is considered to be ‘old-growth’ forest (Dudley, 19%2).
This quintessence was captured by many seventeenth century painters, who
emphasized the sky with its clouds over near-treeless landscapes. To many a
citizen of today, heaths, downs, limestone grasslands and octher open vege-
tation types are viewed as original, natural and ancient. Yet many of these
vegetation types are artificial and, as such, are as unnatural as most forests
of northwestern Europe.

This chapter will elucidate the origins of open vegetation dominated by
grasses, and will pay particular attention to the effect of human influences
on vegetation composition and development, and to the impact of large
herbivores on the vegetation. Grass and humanity — there is more to their
interrelation than is often surmised when one is sitting on a well kept lawn,
since grasses form the mainstay of domesticated herbivores. Grasses form
the production basis for milk, meat and wool and grasses were the fuel that
made the first semi-intensive agriculture possible through ploughing by
oxen and horse. Indeed, through human manipulation of vegetation over
the last millennia, Europe’s present landscape, including most of its nature
reserves, came into being. The question of which of today’s open vegeta-
tion types are least disturbed and most akin to natural vegetation, and
which ones are to be viewed as culturally derived, has important implica-
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tions for the management of these vegetation types and, thus, for the man-
agement of nature reserves.

3.2 OPEN VEGETATION BEFORE THE PLEISTOCENE

The basis for understanding the present open vegetation in northwestern
Europe lies in understanding the Pleistocene. The study of vegetation devel-
opment during interglacial periods allows human influence to be teased
apart from natural development during the Holocene, in which we live. This
section briefly describes vegetation development prior to the Pleistocene.

Grasses (Gramineae, about 8000 species) and sedges (Cyperaceae, about
4000 species) belong to the Order Cyperales which, together with other
monocotyledons, probably derived from dicotyledons during the beginning
of the Cretacecus — 135 million years before present (8P} (Cronquist, 1968;
Von Denffer et al., 1976; Doyle, 1978). There is good evidence that the
first angiosperms lived in locally disturbed habitats, such as stream margins,
away from closed forests dominated by conifers and ferns (Doyle, 1978)
and that untl the end of the Cretaceous (65 million years ago}, mono-
cotyledons grew mainly in swamps (Von Denffer et al., 1976). During this
epoch there is very little evidence for open vegetation, and the Earth was
covered to a large extent by forests dominated by woody species
(Cronquist, 1968; Kurtén, 1972; Von Denffer et al., 1976; Webb, 1977,
1978). Evidence for this stems both from the types of plants that have been
found and from the absence of remains of grazing animals. During the early
Tertiary (Eocene, 45 million years BP) the average temperature in north-
western Europe was about 22°C and the area was covered with forests
resembling present tropical monsoon forests. Yet on Spitsbergen and
Greenland the first representatives of the species that would later dominate
Europe were already established: representatives of Castanea, Juglans,
Fagus, Quercus, Acer, Betula, Populus, Salix, Tilia, Ulmus and Alnus were
growing, as well as Picea and Pinus (Mai, 1965; Hess ef al., 1967). During
the Miocene (20 million years BP) the average temperature dropped to
about 20°C and Europe was covered by evergreen subtropical forests.
These forests comprised about one-third a temperate element (131 higher
plant species) and two-thirds a subtropical element (226 species) although
the mosses that occurred all have a tropical distribution at present (Hess et
al., 1967; Schmidt, 1969). During the following epoch the general cooling
continued, and during the Pliocene (2 million years BP) the average annual
temperature dropped to 15-18°C and in Switzerland even to 10-17°C
(Schmidt, 1969). At that time European forests were characterized by tem-
perate species but included species that until the present only survived out-
side Europe in East Asia or North America (Ginkgo, Liriodendron, Magnolia,
and Metasequoia) (Hess et al., 1967; Walter, 1968; Schmidt, 1969).

As well as cooling during this period, the climate became much drier
because new mountain ranges arose with rain-shadows in their lee. This was
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mainly caused by orogenesis of the Alps, the Pyrenees and mountain ranges
on the Balkan, and elsewhere the Himalayas, the Andes and the Rocky
Mountains (Kurtén, 1972; Webb, 1977, 1978). It should be realized that at
that time montane plant species had disappeared from Europe because the
mountain ranges that had formed during the Hercynian orogeny (about 300
million years BP: Gotthard-Aar Massif, Black Forest, Vosges, Ardennes,
Massif Armoricain) had eroded long before the Pliocene (Hess et al., 1967).
This desiccation did nort result in the disappearance of the European forests
~ in contrast to North and South America and Central Asia, where steppe
formations developed (Webb, 1977, 1978), although in Europe and North
Asia many plant species became extinct during the cooling and desiccation
in the course of the Miocene and later. During the Pliocene the occurrence
of the first modern plant species can be demonstrated (Reid and Chandler,
1915}: in Reuverian deposits from Reuver, Swalmen and Brunssum 214
species were identified, of which 98 are still extant and of which 22 occur
at present in Europe:

Alisma plantago-aquatica, Carpinus betulus, Cicuta virosa, Corylus avel-
lana, llex aquifolium, Larix decidua, Lycopus europaeus, Malus
sylvestris, Myriophyllum verticillatum, Najas marina, Picea abies, Prunus
spinosa, Quercus robur, Ranunculus nemorosus, Sagittaria sagittifolia,
Scirpus lacustris ssp. glaucus, S. lacustris ssp. lacustris, S. mucronatus,
Sparganium erectum, Trapa natans, Urtica divica, Urtica urens.

The newly developed mountain ranges in Europe derived their typical
cold-adapted mountain flora mainly from two sources: the Mediterranean
and the high Asian mountains (Table 3.1). Many herbs that came to domi-
nate the vegetation were derived from woody species, and Cronquist (1968)
stressed the point that herbaceous groups of angiosperms relate not directly
to each other, but separately to the ‘woody’ core of the division (see also
Doyle, 1978), The result of both evolution and temperature changes was
that the flora of Europe became gradually more modern, and during the
Pleistocene nearly all species were apparently identical to those of the pres-
ent (Table 3.2),

In North America, in the rain-shadow of the Rocky Mountains, open
grassland communities developed but not (at that stage) the associated
fguna. The first herbivorous ungulates date back to the Palacocene (65 mil-
lion years BP) but these were apparently still browsers rather than grazers. It
appears that the first mammals adapted to feeding on grasses developed in
Asn'a, where the first finds of hypsodontic mammals date back to the
Oligocene (40 million years BP). Hypsodontism refers to the type of cheek-
tf:z?th: high-crowned with clear enamel ridges well suited for grinding the
siliceous plant material that is typical in grasses. These mammals penetrated
North America, but even during the Miocene no steppes had developed.
The open landscape was savanna-like, interspersed with gallery forests.
However, tough grasses such as Stipa date back to this epoch and typical
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Table 3.1 Plant genera from which some species have colonized the Alps (Hess et
al., 1967)

Species from Asian mountains Species from the Mediterranean

Aconithum Alliym*
Androsace Anthryllis
Artemisia* Biscutella
Astragalus Campanula
Crepis Cerinthe
Delphinium Colchicum
Gentiana Crocus
Oxythrophis Dianthus
Pedicularis Globularia
Primula Gypsophila
Rhododendron Helianthemum
Herniaria
Linaria
Narcissus
Ononis
Saponaria
Sesleria
Silene

* Species from these genera are also considered to have originated in the steppe area of
eastern Furope (Szafer, 1966, cited in Godwin, 1975).

Table 3.2 The modernization of the European flora since the
Miocene (after Szafer, 1946, cited in Godwin, 1975)

Epoch and fossil deposit N species % Species local
arranged by geological age investigated at present
Miocene (¢. 20 million Bp)
Salzhausen 22 4.5
Herzogenrath 39 12.8
Wieliczka 27 18.5
Niederlausitz 62 22.6
Sosnice 46 311
Pliocene {c. 2 million BP)
Pont-du-Gail 36 25.0
Frankfurt 39 29.2
Kroscienko 113 338
Reuver 116 35.0
Willershausen 44 41.2
Castle Eden 41 61.0
Pleistocene (c. 1 million BP) ‘
Tegelen 85 75.2 .
Schwanheim 47 . 78.9 -.:
Vogelheim 55 ) . 946 ..

Cromer : 132 A 98.4
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grazing ruminants had developed by the end of the Miocene (Webb, 1977,
1978). Modern associations between grasslands and herbivores could now
start to evolve, and during the following Pliocene period herd-forming graz-
ing ungulates reached their highest species diversity {Kurtén, 1972; Webb,
1977, 1978) to be followed by a continuing loss of diversity during the
Pleistocene. However, during this long time span from the Cretaceous until
the Pliocene, there is no evidence for grasslands in northwestern Europe.

Most of Europe was covered in forest, with the exception of the peaks of
the new mountain ranges.

3.3 OPEN VEGETATION DURING THE PLEISTOCENE

The Pleistocene period was characterized by the occurrence of widespread
glaciations in the northern hemisphere. During these periods woody vege-
tation disappeared to a large extent (Table 3.3; Figure 3.1). It should be
noted at this point that the reconstruction of prehistoric vegetation is
largely based on fossil remains. One of the main sources of information
about the vegetation at that time is through the study of fossil pollen. From
these pollen assemblages it is clear that woody species gave way to
Gramineae and Ericales (Table 3.4) although it should be realized that the
pollen of many herb species is strongly underrepresented because it is not
dispersed by wind. The use of fossil plant remains, whether they are macro-
scopic plant parts or whether they are pollen, to gain an insight into
palacovegetation is fraught with difficulties but the basic methods appear
valid (Janssen, 1979).

The glacial periods during the Pleistocene alternated with interglacial
periods. During glacial periods the average temperature dropped to about
0°C or even lower (Atkinson et al., 1987) and plant species that were
adapted to cold and dry conditions dominated the vegetation. During the
interglacials, temperatures increased to present values, or became even
higher, and present-day species dominated the vegetation. The first cool
period at the junction of the Pliocene and the Pleistocene was the Pre-
Tiglian (Table 3.4), which can perhaps be characterized as a glacial period
(Zagwijn, 1960).

Table 3.3 Decline of woody species in western Europe
(after Reid and Chandler, 1933; Godwin, 19735)

" Epoch Location % Woody species
... Lower Eocene London Clay 97
- Upper Eocene Hordle 85

- Middle Oligocene = Bembridge 57
. Late Pliocene Reuver 57
. Early Pleistocene Tegelen 28
Middle Pleistocene Cromer 22
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Table 3.4 Dominance of graminean species in the Pleistocene
{after Zagwijn, 1960; data from the following locations:
Meinweg, Bouwberg, Waubach, Herkenbosch, Susteren and
Zeeuws-Vlaanderen)

Percentage of pollen sum

Epoch and deposit  Woody species  Fricales Gramineae
Pliccene
Susterian 85 10 5
Brunssumian 85 10 5
Reuverian 85 10 5
Pleistocene
Pre-Tiglan 50 10 40
Tiglian® 70 15 15
Eburonian 45 15 40
Menapian 20 20 60
Late Pleistocene 20 1 80

¢ The Tiglian was a comparatively warm period.

3.3.1 Interglacial periods

After the Pre-Tiglian, the Tiglian (about 2 million years ago) in northwest-
ern Europe was again a warm period, which can be considered as the first
interglacial. Elephants, rhinoceroses, a wild pig species and possibly even
tapirs (see Table 3.6) lived in a landscape that was dominated by riverine

g

Figure 3.1 The Mongolian steppe. Natural grasslands such as these dominated
Europe during the lce Age.
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woodlands and swamps floristically similar to those that nowadays occur in
the Caucasus (Van den Hoek Ostende, 1990). Most modern plant species
that lived during the Tiglian are now affiliated with marshy plant commu-
pities and open water; a few species are affiliated with forest communities,
but only very few with present-day grassland communities (Table 3.5).
Grassland communities as they occur at present were still very rare in
Europe, though steppe formation worldwide had its widest distribution dur-
ing the Pliocene and grazing mammal species reached peak variety at that
time (Kurtén, 1972; Webb, 1977, 1978).

Table 3.5 Vegetation during Early and Middle Pleistocene,
deduced from flora of Tegelen (Dutch Limberg) and Cromer,

respectively
N character species
i

Vegetation formation (Pleistocenc)

and class Early® Middleb

Open water
Potametea 11 14

Total 11 (= 20%) 14 (= 11%)

Marshes
Phragmitetea 8 7
Bidentetea tripartiti 7 -
Farvocaricetea 1 4
Littoreletea - 2
Isotea—Nanojuncetea - 2
Oxycocco-Sphagenetea - 4

Total 16 {= 29%) 26 (= 21%)

Ruderal vegetation

- Chenopodietea 4 9
Artemesietea vilgaris 3 13
Plantaginetea majoris 3 6
Secalietea 2 2

Total 12 (= 229%) 30 (= 24%)

Forest
Querco-Fagetea 4 16
Rbamno-Prunetea 3 6
Quercetea robori-petraecae 1 4
Trifolio-Geranietea sanguinei 1 3
Alnetea glutinosae - 8
Franguletea - 4
Epibolietea angustifolii - 1

— Total 9 (= 16%) 42 (= 34%) o
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Table 3.5 (continued)

N character species

Vi . . Pleistocene)
egetation formation
and class Early? Middleb
Grassland
Koelerio-Corynephoretea 3 2
Molinio-Arthenatheretea 3 9
Festuco-Brometea 1
Total 7 (= 13%) 11 (= 99%)

" Of 55 species that still occur in northwestern Europe, the present-day
associations (classified after Westhoff and Den Held, 1969) give some
indication that grasslands could have already occurred in the Early
Pleistocene to some extent. If these formations occurred, then their
species composition was so different from the modern ones that it is
difficult to suggest whar the vegeration looked like. Many other forest
species occurred that are now extinct, such as Almus viridis, Acer
opulifolivm, Acer limburgensis, Magnolia spec., Phellodendron spec.,
Pterocarya limburgensis.

b During a Middle Pleistocene intergiacial (Cromer flora based on Reid
and Chandler, 1933), the flora was already more modern, with 123
recognizable species, but the distribution over the different formations
did not differ (x? = 7.867, df = 4; NS) from that of Tegelen.

With the alternations of glacials with interglacials during the
Pleistocene, the proportion of plant species living in Europe became
increasingly similar to the present, and during the Middle Pleistocene the
number of species that can be used for a vegetation reconstruction on the
basis of character species for present-day plant communities increases
(Table 3.5). It appears safest not to try to identify plant communities from
the fossil material from before the end of the Pleistocene, but to limit the
reconstruction to formations (that is, physiognomic units such as forest,
grassland, bog) (Janssen, 1979; see also Delcourt and Delcourt, 1991),
Quite a lot of information is available for the Cromerian (Voigtstedtian)
interglacial {about 1 million years ago) but from the available data there is
very little indication of the occurrence of grasslands during that interglacial
period (Table 3.5). Also fossils of mammals, such as straight-tusked ele-
phant (or forest elephant, Elepbas artiquus, also known as Palacoloxodon
antiquus), extinct deer (Cervus accronatus), wild boar (Sus scrofa) and
extinct rhinoceroses (Dicerorbinis kéirchbergensis and D. etruscus) (Stuart,
1991; Kahlke, 1994) indicate the presence of forests. The hippo species at
that time, Hippopotamus cf. major, could indicate riverine floodplains but
the ecology of this species may have been different from the present hippo
species: its occurrence appears to be associated with coniferous forest
(Pinus, Picea and Abies) mixed with alder and a rich marsh community
without much evidence for real grasslands {Stuart and Gibbard, 1986).
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The last major interglacial was the Eemian (Ipswichian), about 130 000
to 110 000 years ago. This period is quite well understood. At that time the
straight-tusked elephant occurred in northwestern Europe again, together
with fallow deer (Dama dama), red deer (Cervus elaphus), the ancestor of
the wisent (that is, Steppe bison, Bison priscus) and a rhinoceros
(Dicerorbinus kirchbergensis) akin to the Sumatran rhino (Table 3.6). The
Eemian interglacial was warmer than today and the period was character-
ized by an early development of climax forest, where Quercus had its cul-
mination before Corylus. The period ended with dominance by spruce and
Pinus. Also the beaver (Castor fiber) lived here during this period. When the
climate became colder during the Early Weichselian, the vegetation changed
from birch and pine forest to one characterized by Betula nana, Juniperus
and herbaceous vegetation. This sequence is a near mirror-image of the veg-
etation development during the reforestation in the Holocene (Aaris-
Serensen et al., 1990). The Eemian interglacial is perhaps the best example
of the potential appearance of northwestern Europe today had there been
no human interference.

Are there reliable indications of the occurrence of open grasslands at that
time? A species of particular interest is the hippo (Hippopotamus
amphibius), of which fossils have been found that date from the Eemian
interglacial (Table 3.6} (Stuart and Gibbard, 1986). Hippo was typically
found together with fallow deer, steppe rhino (Dicerorhinus hemitoechos),
spotted hyena (Crocuta crocuta) and the straight-tusked (forest) elephant,
while the vegetation could be characterized as mixed oak forest (Quercus,
Pinus, Acer, Alnus and Corylus) or as temperate forest with hornbeam
(Carpinus). Quite often hippo fossils have been found in association with
giant deer (Megaceros giganteus), aurochs (Bos primigenius) and red deer.
Investigations on pollen spectra from hippo bones reveal a preponderance
of tree pollen but with indications of herb-dominated riverine floodplain
plants (grasses, sedges, Plantago, Compositac and a few aquatics) (Stuart
and Gibbard, 1986). Judging from the present-day effect of hippo on
African vegetation, it has been concluded that during the warmest period of
the Eemian large herbivores were maintaining, and possibly even initiating,
herb-dominated areas on the floodplains (Turner, 1975; Stuart and Gibbard,
1986). However, it is not clear whether these riverine grasslands have to be
viewed as grazing swards or as Phragmites reedlands, since the pollen of
Gramineae includes those of Phragmites (Turner, 1975). The presence of fal-
low deer would suggest real grazing swards and thus the occurrence of
grasslands in the strict sense of the word during the Eemian. These grass-
lands then occurred within the mixed forest, and could have been used by
aurochs, red deer, giant deer, steppe rhino and hippo. It thus appears justi-
fied to conclude that most of northwestern Europe was covered by closed
forests and swamps and by riverine grassy floodplains during previous inter-
glacial periods (Kurtén, 1972).
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Table 3.6 Large mammals occurring in Europe since the Pliocene {based on

Anderson, 1984; but for Proboscids on Mol and Van Essen, 1992)

Pliocene

Species

Pleistocene

Early

Middle

Late

Holocene

Primates
Macaca florentina®

Wolves
Creon (alpinus) (dhole)
Canis (lupus) (wolf)

Bears

Ursus etruscus™

Ursus spelaeus (cave bear)!
Ursus arctos (brown bear)
Ursus maritimus (polar bear)

Large cats
Dinofelis (sabertooth)
Machairodus (sabertooth)
Meganteron (sabertooth)
Aciconyx pardinensis (giant cheetah)
Actconyx jubatus (cheetah)
Homotherium latidus {scimitar cat)
Panthera schrenderea™
Panthera leo (lion)

(incl. cave lion ssp. spelaea)
Panthera pardus (leopard)

Hyenas
Euryboas (hunting hyena)
Chasmaporthes (hunting hyena)
Crocuta crocuta (spotted hyena)
{incl. cave hyena ssp. spelaea)
Hyaena perrieri’
Hyaena brevirostris
(short-faced hyena)
Hyaena hyaena (siriped hyena)

Beavers

TrogontheriumT
(Eurasian giant beaver)

Castor fiber (beaver)

Proboscids

Deinotherium {deinothere)

Anancus arvernensis
(straight-tusked gomphotere)

Mammiet borsoni .

{Borson’s mastodont)

Elephas namadicus’

Mammuthus meriodionalisT
{southern mammoth)

++ + !

+

++

I+ + + + I

+ +

+ + |

++ + + +

+ U+ + ! !

+

Table 3.6 (continued)
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Species

Pliocene

Pleistocene

Early

Middle

Late

Holocene

Mamismithus throgonterii®
{steppe mammoth)

Marmmuthus primigenius
(woolly mammoth)

Rhinoceroses
Diceros bicornss {black rhino)
Dicerorbinus etruscus®
Dicerorbinus kirberchensis
(cf. Sumatran rhino)
Dicerorbinus hemitoechus
(steppe rhing)
Elasmotherium (giant rhino)
Coelodonta antiguitatus
(woolly rhino)

Tapirs
Tapirus spp.'? (tapir species)

Horses
Hipparion spp.

{three-toed horse species)
Equus spp. 't (harse species)

Hippopotamus
Hippopotamus cf. major
{extinct hippo}
Hippopotamus amphibius (hippo)

Pigs
Sus spp. {(boar — different species)
Sus scrofa {wild boar)

Deer

Eucladocerus {(bush-antlered deer)
Libralces gallicus (extinct moose)
Alces latifrons {giant moose)
Alces alces (moose)

Capreolus capreolus {roe¢ deer)
Cervus rhenanusT

Cervus elaphus (red deer)

Dama dama (fallow deer)
Megalocerus gigantens (giant deer)
Rangifer tarandus (reindeer)

Bovids

Soergelia {primitive musk ox)
Praeovibos (extinet musk ox)
Ovibos moschatus {musk ox)
Gazella spp. (gazelle species)

(+ym

+

+T

+ +

b4+ + 1

+

+

++++ 1+ 4+

I+ + 4+

+

+9

+4+ L+

+

+7

+ 0+

+19
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Table 3.6 {continued)

Pliocene Pleistocene Holocene
Species Early Middle Late
Rupicapra rupicapra (chamois) - - - + +
Hippotragus + - - - -
(cf. sable and roan antelope)

Saiga tatarica (saiga antelope) - + + + -
Leptobos™! + - - - -
Bison priscus (steppe bison) - - + +22 -
Bison bonasus (wisent) - - - - 4+
Bos primigenius (aurochs) - - - +24 +
Capra spp. (goat and ibex) - + + + +
Qvis (sheep) — + 225 325 _
Large carnivores (excl. bears) 3 8 3 8 2
Large herbivores (excl. bears) 19 21 25 21 14

T Late Pliocene mammals from Tegelen (The Netherlands), after Van den Hoek Ostende (1990).
! The cave bear was a strict vegetarian (Anderson, 1984) and became extinct about

15 Q00-11 000 ep (Swart, 1991).

2 Panthera schreuderea may be identical to F sehaubi andfor P, toscana.

3 Lion became extinct about 11 (00 Bp (Stuart, 1991).

4 $potted hyena apparently became extinct ¢, 20 000 P in England and 14 000 sp in
southern France (Stuart, 1991).

5 Elephas namadicus is also known as Palaeoloxodon antiguus {Mol and Van Essen, 1992); it
was a browsing species living in broad-leaved forests, and continued to live during the
Weichselian (about 100 000 BP in ltaly (Stuare, 1991),

¢ Also known as Mammuthus armeniacus (Mol and Van Essen, 1992).

7 Extinct in Europe 10 000 se (Lister, 1991).

® The rhinoceros Dicerorbinus hemitoechus was more a grazer, D. kirchbergensis more a
browser; these species became extinet quite early in northwestern Europe but continued to
live in the Levant till about 20 000 sp (Stuart, 1991).

? Woolly rhinoceros was a grazer; it was extinct 12 000 Br (Stuart, 1991),

© Tapir systematics needs revision and is not clear {Anderson, 1984).

11 The dating of Tapirus arvernensis is not certain (Van den Hoek Ostende, 1990).

12 Horse systematics in state of confusion (Anderson, 1984) but, for the Late Glacial, T only
find references to Equus ferus. There is, inter alia, no evidence that it survived in the wild
state in Britain.

1 Hippopotamus cf. grandis is known from the Cromer Forest Bed series (Stuarr and
Gibbard, 1986); it might have been a different species than H. amphibius.

14 Hippopotamus lived in Europe during interglacials only {Anderson, 1984); Swuart (1991)
considers H. antiguus a subspecies of H. amphibius.

15 The boar species reported for Tegelen is Swus strogzii.

16 Wild boar had a refugivm in Ttaly during the Last Glacial (Stuart, 1991).

17 The bush-antlered deer of Tegelen is reported to be E. teguliensis.

13 Fallow deer lived in northwestern Europe during the Eemian interglacial (Anderson, 1984)
but it occurred during the Weichselian in Italy (Stuart, 1991).

1% Giant deer survived until about 10 500 gp (Stvart, 1991).

20 Musk ox survived until the Eacly Dryas (about 12 000 BP) in southern Germany and 15 000
BP in southern France, and became extinct on Taymir Peninsula 3000 Bp (Stuart, 19%1).

2 Leptobos was ancestral to both Bison and Bos.

2 Steppe bison survived until about 12 000 8P in southern France but appears to have been
absent from northwestern Europe during the Late Glacial; before that time it was apparently
common (Stuart, 1991).

23 Wisent appears to be a recent immigrant from North America (Anderson, 1984}.

2+ Aurochs is first recorded from the Holstein interglacial.

25 T have not been able to find records of sheep or ibex from the Middle or Late Pleistocene.
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Climatic fluctvations were a recurrent phenomenon during the
Pleistocene, and several interstadials took place during which forest vegeta-
tion returned after a glacial period. However, the pattern of forest develop-
ment over time varied: different patterns of tree species immigration rates
resulted in slight differences in species assemblages during the different
warm periods (Delcourt and Delcourt, 1991). This makes it difficult to use
previous warm periods as exact models of patural vegetation development
during the Holocene - that is, the period in which we now live. On the
other hand, Bennet et al. (1991) showed that in Europe the beginning of a
warm period is generally characterized by the occurrence of Betula and
Pinus, followed by Ulmus and Quercus, with a final stage characterized by
Carpinus and Abies. With the onset of colder conditions, populations of
most tree species became extinct again, with Pinus and Betula replacing the
other species; Salix populations may have continued to exist north of the
Alps during a glacial period. Bennet et al. (1991) stressed the point that
(with the possible exception of Betula and Pinus) there was no southward
migration of trees ac the end of a warm period. Instead, all evidence points
to relict populations of broad-leaved trees and apparently species such as
Taxus and Picea survived glacial periods in the mountains of the Balkans,
Italy and Greece, from where recolonization of northwestern Europe took
place during warm climatic conditions. Frequently, interstadial vegetation
was characterized by steppe~tundra, not forest, and the next section focuses
on this steppe~tundra.

3.3.2  Glacial periods

During glacial periods it appears that although the average annual tem-
perature dropped considerably, the summer temperatures were moderate
though still below 10°C (Atkinson et al., 1987). Low winter temperatures
(about ~25°C; Ackinson et al., 1987) prevented tree growth (Bell, 1969).
The July wind directions were from east to northeast (not from the south-
west as is the present normal pattern), which may have resulted in lower
precipitation than today. The resulting vegetation in northwestern Europe
can best be characterized as steppe-tundra, i.e. a vegetation that had an
affiliation both with modern tundra vegetation and with the steppe.

Typical species indicating an affiliation with steppe vegetation are (Bell,
1969; Godwin, 1975):

Ajuga reptans, Androsace septrentionales, Aphanes arvents, Artemisa
Spp., Blysmus (Scirpus) rufus, Carex arenarea, Coryspermum spec.,
Demasonium alisma, Diplotaxis tenuifolia, Festuca rubra, Filipendula
ulmaria, Groenlandia densa, Helianthemum canum, Linum perenne,
Lycopus europaeus, Medicago sativa falcata, Onobrychis viciifolia,
Potentilla fruticosa, Ranunclus sardous, Rumex maritimus, Rbhinanthus
Spp., Stipa spp.
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The large herbivore assemblage from this environment is discussed below.

During the last glaciation (Weichselian), the steppe—tundra covered
southern England and Ireland, southwestern France, The Netherlands,
northern Germany to central Poland and from there to Siberia and Beringia.
Real steppes appear to have covered most of the loess soils. They occurred
in northern France, central and southern Germany, the Rhone area in
France, northern Italy, and Hungary; from there the steppe stretched to the
Black Sea and the Caspian Sea. A park-tundra, physiognomically perhaps
like the open savannas of East Africa, covered Spain and Portugal, most of
Italy and the Balkan Peninsula; it also covered the area north of the Caspian
Sea and from there north of the Mongolian Plateau further to the east.
Coniferous forests covered Corsica and Sardinia, Sicily and southern Italy,
Greece, and the southern shores of the Black Sea and the Caspian Sea
{Kurtén, 1972).

On the basis of radiocarbon-dated finds of woolly mammoth
(Mammuthus primigenius), Aaris-Serensen et al. {1990) concluded that an
ice-free period occurred during the Weichselian (Devensian) glacial period
between 45 000 and 20 000 years ago (see also Lister, 1991). Mammoth dis-
appeared from northwestern Europe when the ice advanced: the vegetation
became very sparse and plant cover discontinuous, while soil surface layers
were unstable (Aaris-Serensen, 1990). Large herbivores, apparently, could no
longer find food here and disappeared from the record, though a few woolly
mammoth finds date from this period (Lister, 1991). The ice-free period,
however, was characterized by a steppe-like biome: the steppe—tundra.
Because this steppe—tundra, which stretched from northwestern Europe to
Beringia, was characterized everywhere by the mammoth, this vegetation
type has been termed ‘mammoth steppe’ by Guthrie {1990). It was domi-
nated by sedges and grasses, and only a few shrubs and herbs (Aaris-Sarensen
et al., 1990). Mammoth typically fed on grasses and sedges, but herbs and
even mosses and ferns were consumed and occasionally browse from shrubs
and trees (Lister, 1991; see also Guthrie, 1990). These steppe—tundras,
steppes and park-tundras were ideally suited for large herbivores. Apart from
species that are now extinct, such as mammoth, predators that are now con-
sidered typical of Africa - such as spotted hyena, lion (Panthera leo) and leop-
ard (Panthera pardus) (Guthrie, 1990; see the rock paintings discovered in
France in 1994} - preyed upon the large herbivores (Table 3.6). Besides the
woolly mammoth, the herbivore species of the Weichselian mammoth steppe
were giant deer, reindeer (Rangifer tarandus), saiga antelope (Saiga tatarica),
musk ox (Owvibos moschatus), woolly rhinoceros (Coelodonta antiquitatis)
and steppe bison {Figure 3.2; Table 3.6) (Aaris-Sorensen, 1999). Typical also
were wild horse {Equus ferus) (Figure 3.3) and wild sheep (Ovis spec.) (Klein,
1974) but also steppe rhinoceros (Dicerorhinus bemitoechus), common ham-
ster (Cricetus cricetus) and steppe pika (Ochotona pusilata) {Roebroeks,
1990) - all indicative of steppe-like vegetation. It should be stressed that this

Figure 3.3 In the late Pleistocene,
Przewalski horse (or takhi) escaped th
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steppe-like landscape was not identical to present-day steppes of Eurasia: the
mam{noth steppe has no parallel today.

Wlth the co.ntmuing cycle of glacial periods alternating with interglacial
periods, and with the subsequent alternation of open vegetation and forests,
the number of herd-forming herbivore species dwindled not only in Europe

Figure 3.2 Steppe bison are frequently portrayed in Paleolithic art. These examples
are from Front-de-Gaume (Jeft) and Le Portel (right) (redrawn after Guthrie, 1990).

many large herbivores became extinet. The

] is fate but nearly became extinct in histori
. or 12k} : storical
times. It is now beirig reintroduced into Mongolia, :



70  Origins of grassland in northwestern Enrope

but also in North America (Webb, 1977) and South America (Webb, 1978).
In face, at the end of the Pliocene 30 species of this type of herbivore, with
a social organization typical of grazers (Estes, 1991), lived in Europe but
only six remained there at the very end of the Pleistocene (Good, 1964)
(Table 3.6). Thus, it is likely that the potential for keeping the vegetation
open through grazing diminished during the Pleistocene. Other herbivores,
more typical for a shrub vegetation, were moose (Alces alces), red deer, giant
deer and wild goat {Capra spec.) (Klein, 1974). The main effect of the

remaining wild herbivores, with a predominance of browse in their diet, will .

have been on structuring the species composition of woody species. Indeed,
moose and hare (Lepus spec.) can have quite a considerable impact on nutri-
ent cycling and on woody species composition in the forest-steppe of south-
ern Russia (Zlotin and Khodashova, 1980). This has also been described for
moose in boreal forest (Pastor et al., 1993) and a significant herbivore influ-
ence on woodland structure has been observed in African savanna systems
(Prins and Van der Jeugd, 1993).

Structuring of the woody species composition does not imply that the
balance cover between woody species and the herbaceous layer was influ-
enced towards a higher percentage cover of herbs and grasses or that
browsers would have facilitated the development of grassland vegetation.
Perhaps with the extinction of the ‘bulldozer herbivores’ (elephant, mam-
moth) this was no longer possible in northwestern Europe.

3.4 THE TRANSITION FROM PLEISTOCENE TO HOLOCENE

After the last retreat of the ice from northwestern Europe (Late Weichselian
period, 13 000 to 10 000 years ago), woolly mammoth again immigrated to
England, Denmark and southern Sweden about 13 000 years ago together
with the associated mammoth-steppe ‘disharmonious’ faunal assemblage
(Aaris-Serensen et al., 1990; Lister, 1991). One thousand years later mam-
moth became extinct in Europe — in France, England (Lister, 1991),
Denmark and southern Sweden (Aaris-Serensen et al., 1990) — but survived
another few thousand years in Siberia.

The Late Weichselian steppe—tundra was characterized by a mixture of
floral elements from several modern biomes: tundra, steppe and even
mediterranean vegetation (Table 3.7 and above). Likewise, the faunal
assemblage is considered to be disharmonious (Table 3.8). Disharmonious
species assemblages are characterized by the coexistence of species that
today are allopatric and presumably ecologically incompatible (Graham and

Lundelins, 1984). Typical examples of such species combinations are spot-

ted hyena-red deer, spotted hyena-lynx (Lynx lynx)-brown bear (Ursus arc-
tos)—hippopotamus, spotted hyena-reindeer, or spotted hyena-wolverine
(Gulo gulo); all these combinations have been found in France {Graham and
Lundelius, 1984) (Table 3.8). The disharmony may have caused a disequi-
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li_brium between species which was created by the disruption of coevolu-
tionary interactions between plants and animals at the end of the
PleisFocene, and this may have been a cause of many extinctions of large
herblvorf:s at the beginning of the Holocene {Graham and Lundelius, 1984).
Late Pleistocene extinction of large mammals is certainly real (Table 3.6)
(Graham and Lundelius, 1984). Much of the so-called unusually high mor-
tality of the Pleistocene is best regarded as a natural consequence of high
faunal turnover caused by major oscillations during the Pleistocene and the
Holocer'ne in climate and environmental heterogeneity (Gingerich, 1984).
There is no convincing evidence for overkill of large herbivore populations
b).' early humans (Anderson, 1984; Graham and Lundelius, 1984). When the
climate changed during the transition from the Pleistocene to the Holocene
10 000 years ago, different species showed individual readjustments to envi-
ronmental change. This implies that community structure would not have
been stable over long periods of time; thus, modern communities cannot be
used as direct analogues in the reconstruction of Pleistocene environments
or Pleistocene communities,

The improvement of the climate after 13 000 BP was deduced originally
fron? the palynological record. It was assumed that the occurrence of plant
species was a good reflection of the climate and from the palynological
record it appeared that the transition was rather slow. However, based on
Coleoptera data, it appears there was a rapid climatic amelioration around
13 060 pp. This leads to the conclusion {Tipping, 1991) that:

The lag between climate and vegetation in the [Late Weichselian]
makes estimates from palynological data of the rates of thermal
improvement unwise ... The detection of climatic deterioration from
palynological data might have a firmer basis, provided the deteriora-
tion is sufficiently pronounced to have disrupted the vegetation.

Frgm these observations it can be concluded that the vegetation and the
a§spc1ated large mammal fauna were not in equilibrium with climatic con-
d_mons. There was an important time lag of about 1000 years in the vegeta-
tion response to the climatic improvement in, for .example, southern
Sweden; this confirms the idea that plant species cannot be used directly as
palacoclimatic indicators at that time (Berglund et al., 1984) (see Figure
3.4). Insects, because of their quick colonization of newly available habitats
are much more reliable (Coope, 1994). Also, Coleoptera assemblages an;
rcn‘-larkably ‘harmonious’ during the last million years or so, indicating that
their physiological adaptation to climatic factors, for example, has not
changed: a time lag between Coleoptera assemblage structure an’d climate
has not been observed (Coope, 1987).

During the Pleniglacial (22 000-18 000 Bp) the average temperature in
July was about 10°C and in January about -16°C. When the ice retreated the
coldest winter months even became as cold -20 to ~25°C and the climate was
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Table 3.7 Steppe-tundra specics assemblage during the Older Dryas (c. 13 000 Br):

the assemblage was different from modern rundra and modern steppe; trees were
almost absent, and broad-leaved trees were only present in northern Yugoslavia
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Table 3.7 (continued)

u = unvegetated

1 Plantago

2 Gypsophilla repens

3 Helianthemum

4 Armeria

3 Polygonum

¢ Salix polaris or S, repens

7 Ephedra cf. dystachia

8 includes besides Quercus also Acer, Carpinus, Fraxinus, Tilia and Ulmus.
Area 1: Western Alps (Wegmiiller, 1972)

Area 2: Northern Alps in Switzetland (Welten, 1972)

Area 3: Bayerische Voralpen (Schmeidl, 1972)

Area 4: Northern Alps, near Salzburg (Klaus, 1972)

Area §: Lower Austria (Perschke, 1972)

Area 6: Basin of Vienna, Austria (Klaus, 1972)

Area 7: Southeastern Alps and northern Jugoslavia (Serceli, 1972)
Area 8: Karnische Alpsa, Austria (Fritz, 1972)

Area 9: Dachstein, central Austria (Krasl, 1972)]

Area 10: Western Carpathians (Ralska-Jasiewiczowa, 1972}
Area 11: Lowlands of northern and central Europe (Firbas, 1949)
Area 12: Northwestern Germany (Behre, 1967)
Area 13: The Netherlands (Waterbolk, 1954)

much more continental. The temperature range between the warmest and
coldest month was about 30-35°C in the period between 14 500 until just
before 13 000 Bp, compared with 14°C at present (Atkinson et al., 1987).
The evidence now points to a very fast climatic improvement around 13 000
BP (with a rise in temperature of 7-8°C in summer and 25°C in winter), a
slow cooling between 12 500 and 10 500 BP (with summer temperature of
about 10°C and winter temperatures of about —-15 to -20°C during the
Younger Dryas around 10 500 BP) and again a fast warming around 10 000
BP (Atkinson et al., 1987) (Figure 3.4). There were short-term climatic dete-
riorations in the period from 13 000 to 10 000 Bp during the Older Dryas,
Dryas 2, and the Younger Dryas (Figure 3.5) (Cordy, 1991). Recently it was
shown that the final transition of a glacial climate to the present temperate
climate took only 50 years at the end of the Younger Dryas (Dansgaard et al.,
1989). Indeed, plants typical of tundra conditions were growing while the
July temperature had already increased to 18°C and the January temperature
to —5°C., This time lag underscores the point made about plant and animals
assemblages that were not harmonious, or in equilibrium with the prevailing
climatic conditions at the end of the Late Glacial. In the face of such a major
change it cannot be expected that regional floras and mammalian fannas (in
contrast to insects) were indicative of the climate after such a sudden transi-
tion {Coope, 1994): colonization rates would have precluded this.
Whether the disharmony of faunal assemblages was a fact and not an
artefact from admixture of different layers or the lack of a fine enough
stratigraphy is not very easy to clarify. The detailed Cordy (1991) study of
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Table 3.8 Presence of Late Glacial mammal species indicative of a
+disharmonious’ mammal assemblage (A-C) and of mammal species from the

Boreal period indicative of a *harmonious’ assemblage (D)

Species

Late Glacial

A

B

O

Boreal

D

Sorex araneus (common shrew)
Desmana moschata (desman)
Erinaceus enropaens (hedgehog)
Spermophilus spp. (suslik, groundsquirrel)
Sciunrus vulgaris (squirrel)
Castor fiber (beaver)
Clethrionomys glareolus (bank vole)
Arvicola terrestris (water vole)
Microtus agrestis (field vole)
Microtus oeconomus (northern vole)
Microtus gregalis (tundra vole)
Apodemus sylvaticus (woodmouse)
Dicrostonyx torquatus (Arctic lemming)
Lemnus lemnus (Norway lemming)
Lepus spp. (hare)
Ochotona pusilla (steppe pika)
Canis lupus (wolf)
Alopex lagopus (Arctic fox)
Vulpes vulpes (red fox)
Ursus arctos (brown bear)
Ursus spelaeus (cave bear)
Crocuta crocuta (sported hyena)
Gulo gulo (wolverine)
Martes martes (pine marten)
Mustela putorius (polecat)
Meles meles (badger)
Lutra lutra (otter)
Panthera leo (lion)
Felis sylvestris (wild cat)
Lynx lynx (lynx)
Mammuthus primigenius

(woolly mammoth)
Coelodonta antiquitatis
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Sus scrofa (wild boar)
Equus ferus (wild horse
Megalocerus giganteus (giant deer)
Alces alces (moose)
Capreolus capreolus (roe deer)
Rangifer tarandus (reindeer)
Cervus elaphus (red deer)
Saiga tatarica (saiga antelope)
OQvibos moschatus (musk ox)
Bos primigenius (aurochs)
Bison bonasus (wisent)
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Table 3.8 (continned)

! This record is from the Late Dryas (sbout 10 000 p), The Netherlands (Housley, 1991).

ftis likely that this was aurochs and not wisent, since the latter is considered a post-glacial
immigrant from North America {Anderson, 1984).

A. 18 000 to 14 000 B, Wales (David, 1991),

B. 1.'_5 000 to 11 000 sp (Bolling to Younger Dryas), Somerset {Currant, 1991); the fauna was
dominated by red deer and wild horse.

C. 13 000 to 10 000 p, Denmark (Aaris Sarensen et al., 1990); a number of species appear

to have become (locally) extinct already, such as woolly rhinoceros and musk ox.

D. 9000 to 8000 p, Denmark {Aaris Serensen, 1988); the species composition is typical for

the rest of the hqlocene until Recent, when many species went locally extinct due to the
spreading of cultivation,
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Figure 3.4  Average July temperatures for the time span 13 000-10 000 BP recon-
structed from (A) palaeobotanical evidence and (B) palacoentomological evidence.
Both are supposed to be representative for areas with similar climatic regimes (cen-
tral England and southern Scandinavia). (After Berglund et al., 1984.)
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microtines during the rapid alterations of the climate during the period
13 000 to about 9000 Bp may serve as a warning. From this evidence it is
clear that arctic lemming and other vole species that are typical for more
temperate conditions alternated in abundance and tracked the changes in
climate well (Cordy, 1991). However, it may very well be that large herbi-
vores could not track changes as rapidly as the vole species and, thus, that
large mammal assemblages were really disharmonious. By the same token, it
is unlikely that the vegetation could respond so quickly to the improved
conditions, and it is therefore likely that plant communities were transient
and very unstable in time during the transition from the Pleistocene to the
Holocene. If the Late Pleistocene faunal and floral assemblages had
responded to environmental changes as communities, rather than as indi-
vidual species, then the large herbivore communities should have been able
to track the changes in vegetation communities. Given the expansion of the
grassland biome and the decline of the forest biome at the end of the
Pleistocene (because of increased continentality of the climate), ecological
theory would predict lower mammal extinction rates in the expanding
grasslands than in the shrinking forests; this was not the case in North
America, where numerous grazing taxa became extinct (Graham and
Lundelius, 1984). Alternatively, the evidence points to loss of the coevolu-
tionary adaptations because of drastic changes in the plant communities;
hence it appears that the grazing sequence as established for East African
savanna ecosystems (De Boer and Prins, 1990) and postulated for the
Pleistocene mammoth steppe {Guthrie, 1990) became disrupted. This dis-
ruption could have resulted in increased competition between the grazers,
causing some species to go extinct, while other species could not assemble
the diets they needed for reproduction; this also could have led to extinc-
tion {Graham and Lundelius, 1984). '

A disruption similar to that of the link between grazers and food plants
has been suggested for the link between browsers and trees in the case of the
mastodon (Mammut americanum), which primarily fed on coniferous trees.
During the Pleistocene, large areas were characterized by open Pinus-domi-
nated parklands. When pine and spruce forests collapsed into island-like dis-
tributions, the mastodon went extinct; apparently, mastodons were not able
to adapt to the deciduous forests that succeeded spruce and pine (King and
Saunders, 1984). Alternatives to extinction for large herbivores were migra-
tion to other communities, as was shown by reindeer, thus causing segrega-
tion of species that had once lived together. However, migration also needed
adaptation to the new plant communities that emerged. These phenomena
may explain the transition from disharmonious assemblages to modern
assemblages, and may also explain the high species loss at the beginning of

the Holocene.
It is not fully clear when the disharmony of plant communities came to
an end, and when ‘normal’ (i.e. modern) plant communities can be recon-
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structed or recognized from the fossil record with any degree of precision,
While mammal communities were disharmonious during the very last part
of the Pleistocene (13 000 to 10 000 BP), they were apparently already har-
monious during the Boreal (about 8500 gp) (Table 3.8), and, again, it can be
assumed thart this also applied to plant communities. The same ‘date of tran-
sition’ can be observed from the North American assemblages (Graham and
Lundelius, 1984) and from the African ones (Klein, 1984). Numerous
species of the modern North American grassland communities were resi-
dents of the Late Pleistocene grasslands (Stipa comata, S. spartea) but some
floral (and faunal) species immigrated into the central grasslands from the
eastern forest, western mountains (Stipa viridula, S. agropyron, Elymus spp.)
and northern subarctic and by autochthonous evolution (present-day prairie
species from the families Andropogon, Bouteloua, Buchloe, Schizachirium
and Sorghastrum). These processes were intrinsically linked with (local)
extinction. The culmination of all these events was reached during the tran-
sition of the Pleistocene to the Holocene, when the modern grassland com-
munities emerged in North America (Graham and Lundelius, 1984).
However, emergence of modernity of these communities does not imply
that they remained unchanged, and this will be considered later when dis-
cussing chalk grasslands. Taking all the evidence together, it appears rea-
sonable to suggest that from about 10 000 BP plant species and plant assem-
blages were able to track the climatic change, since from then onward data
on the ecology of insect taxa agree with those on plant taxa (Figure 3.4).

The general picture of the vegetation development is that the steppe—tun-
dra expanded when the climate ameliorated at the end of the Pleistocene.
Both plant species typical for a modern tundra (such as Dryas octopetala,
Saxifraga oppositifolia and Salix polaris) and species typical for steppes (such
as Ephedra, Hippophaé and Helianthemum) were growing in most of north-
western Europe (Table 3.7) (see also Welten, 1972) and only in Ireland were
there plants that were typical for heaths, such as Calluna, Erica and
Empetrum (Firbas, 1949). In the north of Britain the vegetation mainly
comprised grasses, Artemisia (norvegica, campestris, maritima), Empetrum,
together with Chenopodiaceae and Caryophyllaceae, Juniperus and Betula
(Tipping, 1991). Tall trees were absent from the landscape of northwestern
Europe but Hippopbaé was present. It is thought that delayed immigration
and possibly also insufficiently developed soils were the reason for the lack
of deciduous trees (Kolstrup, 1991).

Between the Older Dryas and the Younger Dryas two warmer periods
occurred (Belling and Allergd), interspersed with a very short colder period,
Dryas 2 (Figure 3.2), with Populus, Prunus and Sorbus and with grasses mainly
on dry sites (Kolstrup, 1991). Most of northwestern Europe became covered
by forest dominated by Pinus and Betula (Table 3.9). Perhaps these forests
were not very dense, as the palynological record shows high pollen sums for
grasses and sedges, but most of the reported herbs belong to the Umbelliferae,
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which is an indication that conditions were no longer optimal for large graz-
ers — very few species of this plant family are included in their diet.

During the Younger Dryas (about 10 500 Bp), the cha.n_ge towards more
reduced tree growth was probably caused by colder conditions. Be.tula nana
replaced B. pubescens again but this has also been ascribed to drier condi-
tions during this period as compared with the Older Dryas (Kolstrup, 19? 1}.
Further south, in southern Germany and northern Italy, pine. (Pinus
sylvestris) and birch forest began to spread over the riverine floodplains dur-
ing the Older Dryas, to be replaced by oak and mixed oak forest at the end
of the Pre-Boreal (9000 BP) (Becker and Kromer, 1991).

In northwestern Europe, the Pre-Boreal starts with the final disappearance
of Arctic lemmings which were replaced by rodents typical for grasslands,
such as Norway lemming (Lemnus lemnus), steppe pika and common ham-
ster. Reindeer and wild horse occurred again during the Younger Dryas and
the first part of the Pre-Boreal, but then about 10 000 pp the modern wood-
land rodent assemblage replaced the grassland assemblage completel)_z {Cordy,
1991). Likewise, reindeer were still present in Schleswig-Holstein about
10 000 B, apparently in large numbers (Bratlund, 1991), but are gone from
the record only 1000 years later in both Denmark (Aaris-Serensen, 1988) and
southern Sweden (Larsson, 1991). The disappearance of reindeer took place
at the same date in southern England, coinciding with the disappearance of
wild horse {(Lewis, 1991). Grassland indicator species disappeared and appar-
ently the dominant vegetation in northwestern Europe became forest.

Table 3.9 Vegetation during the Allerad period (c. 11 500 Bp) (see Table 3.7 for -
areas and references)

Area

Vegetation 1 2 3 4 5 6 7 8 ¢ 10 11
Grasses and herbs

Poaceae + + + + -+ - + u + +
Cyperaceae + + + + - 4+ - 4+ u + +
Herbs! + + o+ - - n o+ 4+
Shrubs and trees

Hippophaé - - - + _ - - - u o+ -
Salix - — - — - - - — u + +
Betula + + + 4+ + - - + u + +
Pinus + + + + + + - 4+ wu + +
Picea - - - - - - - - u + -
Corylus - - - - - - - 4+ u - -
Broad-leaved? - - - - - -+ - a = -

u = unvegetated )
1 Mainly Umbelliferae, such as Heracleum spilzondyhum.
2 This includes Carpinus, Fagus, Quercus, Tiliz and Ulmnus.
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3.5 VEGETATION DEVELOPMENT DURING THE HOLOCENE

The present period, the Holocene, began 10 000 Bp. Currently it is charac-
terized by the occurrence of many grassland communities, which is in appar-
ent contrast to the previous warm periods during the Pleistocene when
forests dominated the landscape. Because the impact of human activities on
the landscape became so much more important, it is not unlikely that many
of the present grassland communities are the result of these activities. It is
important to study the evidence for this during the Holocene.

The first evidence of human occupation in northwestern Europe is from
artefacts that can be classified as belonging to the Middle Palaeolithic (about
300 000 to 35 000 Br). Most of these date back to the previous glacial
period, the Weichselian, but also to the last interglacial period, the Eemian
{130 000 to 110 000 BP). Even during the second-last glacial period, the
Saalian, and the preceding interglacial periods (Hoogeveen, about 250 000
BP) humans were already present in, for example, The Netherlands. Even
older finds date back to about 400 000 BP from Cagny in northern France
and from Boxgrove in southern England and to about 350 000 BP from
Bilzingsleben in Germany (Roebroeks, 1990). All ancient sites are from peo-
ple that lived in northwestern Europe during interglacial periods and the
first evidence for survival during a glacial period is from La Cotte de St
Brelade, on Jersey (240 000 B} (Roebrocks, 1990). All evidence so far
points to a human culture focused on hunting, scavenging, and gathering
during the Palaeolithic. This continued until after the end of the last glacia-
tion and the beginning of the Holocene, and even during the Mesolithic
period this was the sole mode of ‘production’.

As was shown above, the second part of the Pre-Boreal (10 000 to 2000
B8P} coincided with a major change from a fauna and flora typical of grass-
lands to those of woodland. This period marks the beginning of the
Holocene, and forests again dominated the landscape (Table 3.10), with the
most important tree species again being Pinus and Betula. An increasing
number of broad-leaved species began to become established (Table 3.10).
During the next period, the Boreal (9000 to 8000 Bp), Corylus (mixed with
Alnus) and Picea increased in importance (Table 3.11), with Fagus appearing
in Lower Austria, The climax was reached with the Atlanticum (8000 to
5000 BP), when forests dominated by Quercus robur, Q. pubescens, Q.
petraea, Ulmus glabra, U. minor, U. laevis, Tilia platyphyllos, T. cordata,
Fraxinus excelsior, Acer pseudoplatanus, A. platanoides, A. campestre and
Betula pendula became widespread in northwestern Europe (Firbas, 1949).
Human culture — the Mesolithic — was still characterized by hunting and

", gathering and the human impact on the landscape was still minimal

(Waterbolk, 1985). The Atlanticum, then, is the critical epoch in which to
find out whether natural grasslands occurred in the forests of that time or
not: the general picture is that of a closed forest in which humans played
and had played a minimal role. This hinges critically on the definition of the
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term ‘grassland’, which is clearly a physiognomic one (as. are for.est, bog,
etc.) and should be used at the landscape level. This implies that it should
be used for units with an area of at least several hectares and with a tree anfi
shrub cover of less than 299 (Loth and Prins, 1986). In the context of th}S
chapter, therefore, the term does not include grassy woodlands, or forests in
which small patches of grass occur. . o

An important corollary to the conclusion that species disequilibrium may
have been the major cause of extinction, as discussed above, is that one can-
not deduce from the extinction of large mammalian grazing herbivores that

Table 3.10 Vegetation during the Pre-Boreal (c. 9500 gp) {(see Table 3.7 for areas
and references)

Area

Vegetation 1 2 3 4 5 6 7 8 9 10 11
Trees

Betula + ND + + + - - + - + +
Pinus + ND + + + + - + - + +
Picea - ND - - + - - + = = +
Corylus + ND + - + - + + - + +
Alnus - ND - - e
Quercus + ND - - + - - + - -+
Ulmus, Tilia, Carpinus - ND - e
Populus - ND - - - - - - -+ 4

ND = no data (area 2, Bayerische Voralpen) )
aIn area 9 (Dachstein, central Austria) vegetation spread but was still cold-adapred steppe-
like, with Artemisia, Epbedra and Juniperus.

Table 3.11 Vegetation during the Boreal (c. 8500 BF) (see Table 3.7 for areas and
references)

Area

Vegetation 1 2 3 4 N 6 7 8 9 10 11
Trees

Betula + ND + + - - ND ND + - +
Pinus + ND + -+ - + NDND - + +
Picea + ND + + + + ND ND + -+
Corylus + ND + - + + ND ND - + +
Alnrzs + ND - - - + ND ND + + +
Quercus + ND - - + + NDND - - -
Ulmus, Tilia, Carpinus + ND - - + + ND ND + + -
Fagus - ND - - + - ND ND - - -

ND = no data {area 2, Bayerische Vorlapen; area 7, Southeastern Alps; area 8, Karnische
Alps)
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grasslands disappeared and that forests became closed (i.e. not offering feed-
ing opportunities to large grazers). However, it may be assumed that, wich
the near-absence of large grazers during the Holocene after the faunal col-
lapse described above, the forests could become closed since large grazers
were no longer present in sufficient variety to maintain grazing swards
within these forest. Indeed, during the Boreal only one true grazing large
herbivore species was still present in northwestern Europe - namely, the
aurochs (Bos primigenius). This species was apparently common in the lower
Rhineland during the transition of the Late Pleistocene open steppe-tundra
to the forests of the Pre-Boreal (Street, 1991). Perhaps it could have become
a dominant ungulate of northwestern Europe if agriculture and hunting had
not swept it into extinction, just as the African buffalo apparently became
dominant in eastern and southern Africa after the demise of Elephas recki
{Prins, 1996). Additional mixed feeders (i.e. not true grazers) were red deer,
wild boar and wisent (Bison bonasus). Under present climatic conditions,
the latter three species are not able to maintain open swards and it is doubt-
ful whether aurochs would have been able to do so: from a long-term study
of African buffalo in East Africa it is clear that buffalo cannot prevent bush
encroachment (Prins and Van der Jeugd, 1993). Other grazing species —
woolly mammoth, wild horse, giant deer and (to some extent) reindecr —
were not able to maintain viable populations in northwestern Europe and
thus conld nor assist the surviving species in maintaining open swards. It is
doubtful whether even the aurochs would have been able to maintain itself
in the northwestern European forest if open grasslands had not occurred
along coasts and large rivers (see below). The American bison (Bison bison),
even though it survived from the Pleistocene, was not able to maintain open
areas in the oak-chestnut (Quercus-Castanea) forests of the Appalachians to
the east of the Mississippi river, and did not maintain viable populations
there, but deer could do so (Guildhay, 1984). The North American data sug-
gest that some of the Late Pleistocene forests were more open and perhaps
more patchy than those of today (Graham and Lundelius, 1984), again sug-
gesting thar closed forests were the normal climax forests of the Holocene.
Although the occurrence of large herbivores such as roe deer (Capreolus
capreolus), red deer, aurochs and wild boar and the absence of open grass-
land species, such as saiga antelope, is normally interpreted as indicating a
near-closed forest, some arguments plead against it. The major one is that
seedling and establishment ecology, especially of Quercus species, indicates
that light must have penetrated the forest floor at least occasionally (Vera,
1997). A personal conclusion is that open grasslands will have been restricted
to areas above the tree-line, areas above salt domes, salt marshes (Figure 3.6)
and some floodplains, Many individual species that are, at present, typical for
grasslands will have found their habitat there, while others could survive in
small patches or as understorey in the forests (this will be discussed later).
The conclusion is that biotic factors appear to have played a minimal role for

o
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keeping forests open during the Atlanticum. For this reason, the experiments
as conducted with introduced cattle in forest reserves in The Netherlands are
of major importance in establishing whether or not large grazers were, at
least potentially, able to open forest or to maintain large grassy patches in
these forests (WallisDeVries, 1994; Van Wieren, 1995).

It is often assumed that along the large lowland rivers, the floodplains
were covered by grassland because the long duration of floods would have
prevented tree growth. It is more likely that these plains in the broad-leaved
tree zone were forested. These riparian forests (German Awuenwald, Dutch
ooibos) (Figures 3.7 and 3.8) can tolerate prolonged flooding even during
the growing season (Dister, 1983; Gerken, 1988; Spath, 1988). Three main
types are known: Populus forest {included in Afno-Padion), Fraxinus—Ulmus
forest (Alno-Padion) and Alnus—Fraxinus {(Circaeo-Alnion) forest (names of
syntaxa follow Westhoff and Den Held, 1969). Fraxinus—Ulmus forests in
particular can survive flooding well, for up to 60% of the growing season,
and are even resistant to drifting ice (Schmidt, 1969). The Alno-Padion com-
munities include the Salix communities along rivers. Because of the highly
dynamic environment, open places can be found with Phalaris arundinacea,
Poa trivialis, P palustris and many herbs that are known to occur at present
in wet meadows used for haymaking (type Molinio-Arrhenatheretea)
(Ellenberg, 1978):

Angelica sylvestris, Anthriscus sylvestris, Dactylis glomerata, Filipendula
ulmaria, Galium uliginosum, Heracleum sphondylium, Lathyrus
pratensis, Lythrum salicaria, Lysimachia vulgaris, L. nummularia,
Myosotis palustris, Poa trivialis, Stachys palustris, Taraxacum officinale.

Genuinely treeless communities along rivers are dominated by reeds
(Phragmitetum and Phalaridetum) or by tall herbs (Lolio-Potentillion anseri-
nae = Agropyro-Rumicion crispi) and ruderals {(Polygono-Chenopodietum
and Chondrilletum) (Figures 3.7 and 3.8). It is surmised that especially the
tall herb community was the vegetation type where the remaining large her-
bivores concentrated during the Holocene when forests were not offering
feeding opportunities for wild grazers on a large scale any more (Westhoff
and Van Leeuwen, 1966). Especially when grazed, Lolio-Potentillion anseri-
nae communities can develop into grasslands that are considered normal at
present; relevant plant associations are Potentillo-Festucetum arundinacea
(with Festuca arundinacea) and Rumici-Alopecuretum  geniculati (with
Alopecurus geniculatus, Inula britannica and Lysimachia nummaularia), both
belonging to the Arrhenatherion alliance. With heavy grazing and input from
fertilizers these associations develop into Poo-Lolietum {(with Lolium
perenne, Plantago major, Poa trivialis, P. pratense, Taraxacum officinale and
Trifolium repens) (Westhoff and Den Held, 1969). This association is nowa-
days widely distributed over northwestern Europe.

Vegetation types not dominated by trees definitely occurred on salty soils
above salt domes in the interior of northwestern Furope {Central Germany,
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Flgurlf 3.6 Under present climatic conditions, natural grassiands such as this salt
marsh on one of the Friesian islands are uncommon in northwestern Europe

Poland, Czechoslovakia, Hungary and Rumania) (Ellenberg, 1978). The
German and Polish salt-dome vegetation shows affinity with th:: salt mallrshcs
along the North Sea and the Baltic, the other with the area from the Aral to
the Caspian Seas (Vicherek, 1973).
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Figure 3.8 A vegetation zonation alongside a river in a montane area. (After
Ellenberg, 1978.)

The northwestern European salt marshes have a striking number of
species in common with the southeastern steppes; for example:

Armeria maritima, Artemisia maritima, Aster tripolium, Atriplex has-
tata (= A. prostrata), Blysmus rufus, Festuca rubra, ]z.mcus maﬂ:timu-s,
Limonium vulgare, Plantago maritima, Puccinellia d:_stans, ..Scflzcomm
brachystachya, S. stricta, Spergularia marina, Triglochin maritima.

Many of these species will have found their niche in the Pleistocene apen
steppe—tundra, as is known for Armeria maritima and Plantago maritima
(Pennington, 1969), and were restricted with the advance of the forests.
Other littoral vegetation types developed on dunes along the coast. The mod-
ern plant communities from the Koelerio-Corynephotetea (dune.s and downs)
also have many plant species in common from the more humid steppes of
continental Europe (German: Wiesensteppe). These are, for example:

Achillea millefolium, Anthyllis vulneraria, Arenarta serf_)yllifoliq, Carex
praecox, Erigeron acer, Galium wverum, Hieracium .pdlo.sella,
Helictotrichon pubescens, Helichrysum arenarium, Koeleria cristata,
Potentilla argentata, Tifolium campestre, and Hippophaé rhamnoides.

Again, a number of these species are known toli?ave occutred in the
Pleistocene steppe—tundra. However, these communities also gave way }:o
forest — that is, to Fraxino-Ulmetum or to Querco-Betuletum. Whether this
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happened everywhere is not certain, but in the Sub-Boreal period {about
5000 Br) it appears to have been the normal pattern and only with the advance
of human occupation did the Koelerio-Corynephoretea grasslands develop
again (Zagwijn, 1971; Doing and Doing-Huis in 't Veld, 1971). Some types of
these dry grasslands, especially those on soils with a low calcium carbonate
content, have a strong affinity with natural grasslands that developed on gla-
cial sand deposits along the large European rivers, such as the Rhine, Ems,
Weser, Aller, Elbe, Oder, Netze and Weichsel. Normal vegetation development
resulted in Querco-Betuletum forests there too, but tree growth was prevented
on sands with a very high infiltration capacity (Ellenberg, 1978). Typical for
these grasslands are species such as (Ellenberg, 1978):

Agrostis canina, Calluna vulgaris, Carex arenaria, Corynephorus
canescens, Festuca ovina, Filago minima, Hieracium pilosella,
Hypochoeris radicata, H. glabra, Jasione montana, Rumex acetosella,
Spergularia morisonii, Teesdalea nudicaulis.

Large grazing herbivores could not maintain physical condition on these
grasslands, as is shown by the WallisDeVries (1994) experiments with cat-
tle. However, where these grasslands were in close proximity to the Lolio-
Potentillion anseringe communities along the large rivers, it is likely that
large grazing herbivores, such as aurochs, could persist if they could exploit
both communities within a year (WallisDeVries, 1994).

To summarize, natural grasslands at the beginning of the Neolithic period
(i.e. when agriculture started in Europe) will have been restricted to areas
where tree growth was prevented by high salinity (above salt domes and on
salt marshes), by high water infiltration rates of soils on glacial sand deposits
or by long inundations along the lowland rivers. Other types of open vege-
tation could be maintained where the temperature was too low for tree
growth, i.e. above the tree-line in mountains or in the far north. Another
niche for grassland species may have been on dliffs (Knapp, 1979/1980), as
was also surmised for North America (Marks, 1983).

When the cultural transition of the Mesolithic to the Neolithic took place
in northwestern Europe, around 6500 BP {in the Atlanticum), the general
picture is one of extensive forests that covered close to 100% of the area. In
these forests there was some hunting but its impact will have been rather
low since the human density was in the order of about 0.05 humans/km?
{Waterbolk, 1985). Hunting camps have been found in marshy grounds
where people were fishing and fowling. Evidence for human impact on the
vegetation is slight but it has been suggested that in order to facilitate hunt-
ing, and perhaps even to increase game densities, a form of forest manage-
ment took place that facilitated the growth of hazel (Corylus avellana) or
heather (Calluna vulgaris) (Simmons et al., 1981). Around camps there is
evidence for the increase of Plantago major and Rumex species and other
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Chenopodiaceae (Waterbolk, 1954); and in some forested areas, tree
removal may have caused blanket-peat to develop (Simmons, 1981).
Manipulation of the vegetation for an increased hunting success has been
suggested even for the end of the Pleistocene, in line with the Pleistocene
overkill hypothesis (Simmons, 1981). Evidence for the first seems extremely
weak (pace Bush, 1993), and the postulated Pleistocene overkill of large her-
bivores does not make sense in the light of hunting strategies that, of neces-
sity, would have conformed with optimal foraging theories.

3.6 HUMAN IMPACT
3.6.1 Neolithic and Bronze Age

In a large part of northwestern Europe, the transition from the Mesolithic
to the Neolithic, i.e. with the start of farming and making of pottery, took
place during the transition from the Atlantic to the Sub-Boreal period,
around 5000 BP (Van Zeist, 1959). Farming is defined as the production of
primary foodstuffs and raw materials by means of deliberate cultivation of
plants and keeping of animals. Farming started in the Middle East and
spread at an average rate of about 2 km per year to northwestern Europe,
where it was mainly restricted to loess soils during the Neolithic (Van Zeist,
1980). Humans selected forests on these soils, and started with a slash-and-
burn cultivation (for a description from Russia at the end of the last century,
see Smith, 1959). This cultivation technique gave quite good results in
forests but not in steppes. Soils could be cultivated for some six years before
they had to be left fallow. Although hoes have been found, the normal cul-
tivation practice appears to have been use of the ard (scratch-plough), and
no evidence for digging sticks has been encountered. Pigs played an impor-
tant role in the economy and they may have influenced the structure of the
surrounding forest. Cattle were becoming important but were not yet used
for labour, and there is no evidence of haymaking to maintain them over the
winter (Smith, 1959; Ten Cate, 1972; Knérzer, 1975; Ellenberg, 1978; Van
Zeist, 1980). In this forest environment there was no place for sheep and
goats: they came slightly later and did not become important until the
Bronze Age (Clason, 1980). Hunting and fishing remained important in
marshy areas, as demonstrated by the very revealing excavations at
Bergschenhoek, Swifterbant and Hazendonk (all about 5500 Bp) in The
Netherlands {(Louwe Kooijmans, 1980).

The first farmers cultivated mainly cereals and, because of the small size
of the fields and correlated shady conditions, the use of ards, the likely
absence of fertilization and the apparent harvesting of ears only, the associ-
ated weed community was different from the modern Secalietea. The result-
ing ‘Bromo-Lapsanetum praehistoricum’® consisted of species originating
from adjacent forests (Lapsanum communis, Poa nemoralis, Rumex san-
guineus), species from river sides (Chenopodium album, Polygonum persi-
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caria) and plant species that had migrated from the southeastern steppes
(Galium spurium, Polygonum convolvulus and Vicia hirsuta) (Knorzer,
1971; see also Smith, 1959). Also Plantago major became important but P
lanceolata, indicative of grasslands, remained very rare (Van Zeist, 1959).
The cultivated cereals were einkorn (Triticum monococcum) and emmer
wheat (T. dicoccum). From later finds, it is clear that seeds of some ‘weeds®
were harvested too, such as from Chenopodium album, Polygonum lapathi-
folium and Spergula arvensis (Van Zeist, 1980). The advance of farming has
been associated with the decline of Ulmus in the palynological record
(Waterbolk, 1954; Van Zeist, 1959; Oldfield, 1967; Godwin, 1975).
Because of the absence of evidence for grasslands and haymaking (e.g.
Knérzer, 1975), it has been suggested that carttle were fed leaves of elm
(Ulmus) and ash (Fraxinus), and perhaps leaves of lime (Tilia), maple (Acer)
and oak (Quercus) as well. The so-called elm decline has been taken as evi-
d-ence for the Neolithic opening-up of the forest (landnant) (for an exten-
sive discussion, see Smith et al., 1981). Evidence for feeding cattle with
browse at that time is weak or absent (e.g. Knérzer, 1975) even though
broad-leaved tree-fodder feeding has been observed in the last few hundred
years (Troels-Smith, 1960 and Iversen, 1973; cited in Peglar and Birks,
1933). However, elm disease has been identified as the very likely cause of
the prehistoric elm decline (Perry and Moore, 1987), and the recent work
of Peglar (1993) in particular elegantly shows that disease was the most
likely cause. Pollarding of trees, perhaps for the production of fodder, may
have influenced the rate of transmission of the disease since pollarding
instruments could have been contaminated with the fungus (Moe and
Rackham, 1992); however, this is linking two assumptions into a chain, if
one were to take fodder use as a causal explanation of the elm decline dur-
ing the Neolithic. This is not to deny the fact that the forest was opened up
at the time and that the species composition changed (Peglar and Birks,
1992; Peglar, 1993). Rackham (1980) had already pointed out that for
Neolithic man to have an impact on elm, as deducted from the 50% pollen
reduction of Ulmus during the elm decline, ‘requires a human population
much larger and more elm-centred than any archaeologist has hitherto pro-
posed’ (Rackham, 1980; Peglar and Birks, 1993).
Human density during the Neolithic and the Bronze Age was still very low

- for example, in the order of 0.5 humans/km? in Drenthe {northern
Netherlands) (Waterbolk, 1985): this is about 10 times higher than during the
Mesolithic but about 10 times lower than during the Middle Ages. The result-
ant effect on the vegetation appears to have been mainly the expansion of
shrubs. From England, there is evidence that Crataegus species, Prunus spin-
osa and Sambucus nigra became more important, while new species became
established, such as Acer campestre, Buxus sempervirens, Euonymus
europaeus, Malus sylvestris, Prunus avium, Rhamnus catharticus, Salix fragilis
Sorbus aria and Ulex europaeus (Godwin, 1975). This ‘shrub phase’ is also evi:
dent from sub-fossil moltusc faunas in southern England (Evans, 1972).
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The estimated 0.5 human/km? mentioned above is an even lower popu-
lation density than that of modern Gabon in equatorial Africa. Although the
comparison is fraught with difficulties, it is noticeable that in Gabon such a
density results mainly in an increased percentage of secondary forest but not
in the disappearance of forest (Prins and Reitsma, 1989). Stock-grazing in
the secondary forests of northwestern Europe led to good conditions for the
establishment of light-demanding tree species such as Betula (Turner, 1981;
see also Reuter, 1920; Gundermann and Plochmann, 1985) but also
QOunercus (Vera, 1997).

Grass pollen grains are found in increasing numbers with the advance of
farming from about 4500 Bp. There is evidence from about 000 P (begin-
ning of Late Neolithic) that cattle were kept in barns, and Plantago lanceo- '
lata, indicative of grasslands, becomes increasingly important in the pollen
record (Van Zeist, 1959). From about 4000 gp evidence for cattle kraals has
been found (Waterbolk, 1954; Brongers and Woltering, 1978), and appar-
ently cattle were used as draught animals with the invention of the plough
in eastern Europe (Smith, 1959) but not yet in western Europe. When the
Bronze Age began, around 4000 B, the climate became a bit cooler and
especially wetter. Heaths dominated by Calluna vulgaris developed, through
heavy grazing by livestock, from natural grasslands growing on sandy soils
(Koelerio-Corynephoretea grasslands) and could spread because shifting
agriculture started now on soils other than loess as well, resulting in the
demise of forests on higher grounds.

Shifting agriculture — that is, permanent abandonment of farmland on
cleared forests after loss of soil fertility — appears to have replaced rotational
farming with fallow (shifting cultivation, outfield) that was the norm during
the preceding period. Evidence for the absence of fallow has been concluded
from the presence of Compositae, Chenopodiaceae, Spergula and
Spergularia in the fossil record (Waterbolk, 1954). Farming practice will
have remained more or less the same because of the continuation of the
- Bromo-Lapsanetum praehistoricum (Knorzer, 1971), Baudais-Lundstrom
(1978) concluded from excavations in Switzerland that meadows and hay-
fields were developing around 4000 BP, but her species list contains too;
many species from forests for such a conclusion. Also, there has been no evi-1
dence that forests on heavy soils were felled during the Bronze Age, when;
soil-tilling was probably too difficult with the available technology. s

There is good evidence that chalk grasslands started to develop during:
the Bronze Age from about 3500 BP onwards. Plant species that were to find;
a niche in grasslands on chalk uplands (downs; Mesobromion) found their :
original niche in forest fringes, also along cliffs. These forest fringe commu- ;

nities are the Lithospermo-Quercetum, Geranio-Peucedanetum, and Seslerio-§
Fagetum with species such as (Knapp, 1979/1980): i

Anthericum liliago, Bupleurum falcatum, Carlina vulgaris, Centaurea
scabiosa, Cirsium acaulon, Euphorbia cyparissias, Gentianella ciliata,
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G. germanica, Leucanthemum vulgare, Linum catharticum, Origanum
vulgare, Pimpinella saxifraga, Ranunculus bulbosus, Salvia pratensis,
Sanguisorba minor, Teucrium chamaedrys, T. montanum, Thymus
praecox.

Down types in northern France (Mesobrometum—Seslerio-Polygatelosum)
could date back to the Pleistocene (Stott, 1971), just as the open vegetation
from the Upper Teesdale with its many arcto-alpine species (Pennington,
1969) and the Caricion austroalpinae from calcareous highlands in northern
Italy (Pignatti and Pignatti, 1975). It has been claimed that grasslands on
limestone cliffs in England also date back to the Pleistocene (‘Brometalia
erecti’: Tansley cited in Shimwell, 1971) but evidence for this does not seem
to be available (see also Moore, 1987). Bush (1993) concludes that at least
some British chalklands had open grassland habitats continuously from the
end of the Pleistocene, but his palaececological record shows a gap between
8000 and 4400 Bp. This is exactly the time period that is supposed to have
known the least human disturbance and Bush’s inference that the ensuing
vegetation had enough open space for grassland taxa to survive in situ does
not appear warranted from his data. His conclusion (Bush, 1993) that ‘it is
clear that chalk grassland is more a landscape type ... than an identifiable
community as its component species have changed through time, apparently
in response to climatic change’ is well supported and important. Evidence
for development of the downs of southern England for the Neolithic is
weak, and even for the Bronze Age not much proof is available (Smith ez al.,
1981} because conditions for pollen fossilization were not good (Tinsley and
Grigson, 1981). Yet most data point to the development of rather extensive
grasslands at that time (Turner, 1981). Some time ago it was thought that in
continental Europe a nomadic pastoralist society had already developed by
the end of the Neolithic (Standvoetbeker Culture, about 4800 Bp)
(Waterbolk, 1954; Van Zeist, 1959; Godwin, 1975) but more recently this
has been rejected (Brongers and Woltering, 1978). The evidence for such a
society appears to be limited to the Celtic Iron Age in Great Britain and
Ireland, which is several centuries later (Pennington, 1969; Godwin, 1975);
and sagas appear to reflect this life style {see the eighth century I[rish Tain Bo
Cuailge; Kinsella, 1969). Later, during the Iron Age, Julius Caesar would
report a similar economy for the Germanic tribes (see below).

Even though the fossil records shows a preponderance of evidence for a
pastoral economy during the Bronze Age in southern England (Turner,
1981) this, of course, is not evidence of a pastoral society. Evidence of a
purely pastoral society in the British highlands during the Bronze Age is not
strong (Tinsley and Grigson, 1981) but extensive clearings developed at that
time into heath {moor) and bog which replaced the original oak forest; live-
stock may have grazed these grassy heaths but cereal cultivation took place
as well. A concurrent change from a pig-centred economy to a cattle and
sheep economy took place at that time. The end result of the forest clear-
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ings, perhaps together with a deteriorating climate, was extensive soil leach-
ing and acidification. This then led to the disappearance of grazing lands,
which were replaced by heaths and bogs (Tinsley and Grigson, 1981), but
the same happened under forest grazing where forests also became replaced
by bogs (Turner, 1981). The same processes were observed on nutrient-poor
soils in The Netherlands (Waterbolk, 1954; Van Zeist, 1959).

3.6.2 Iron Age and Middle Ages

During the following Iron Age period, which started about 3000 Bp, there
was a change in agricultural practice. Arable fields became permanent and
were bordered by embankments, Complexes of these fields are called celtic
fields, and such complexes can cover more than 100 ha. Firm evidence for
soil tilling also dates from this period, because traces of ards are known
from the soil in celtic fields (Van Zeist, 1980), and even humus fertilization
took place (Brongers and Woltering, 1978). Individual arable fields became
larger, and cereal harvesting was now at ground level, Barley (Hordeum vul-
gare and H. distichum) and millet (Panicum miliaceum) were included in the
agricultural practice, possibly as an adaptation to deteriorating soil fertility
due to long-term farming but also due to an increased climatic humidity
(Van Zeist, 1980). This change in practice led to the disappearance of the
Bromo-Lapsanetum prehistoricum and species better adapted to the new sit-
uation became weeds in the arable fields, such as Alopecurus myosuroides,
Anthoxanthum aristatum, Apera spica-ventt, and Poa annua. This points to
the development of modern weed communities associated with cereal pro-
duction, i.e, the Secalietea. It is possible that the first meadow-like vegeta-
tion developed at this time (Knérzer, 1971). Indeed, species like Bromus
sterilis, Phleum pratense, B nodosum, Poa nemoralis, P trivialis and P
pratense found a place in the original cereal weed association, the Bromo-
Lapsanetum prebistoricum (Kndrzer, 1971), but not in the Secalietea.
During the Iron Age in England, settled agticulture and permanent grazing
developed for the first time between 400 BC and Ap 100; the open land-
scape, as we know it, developed at that time (Turner, 1981). Sheep became
more important than cattle over most of Britain, which has been taken as
evidence for further deterioration of pasture quality (Clark, 1952; Godwin,
1975). These observations from The Netherlands and from England thar
permanent agriculture developed during the Iron Age have an important
corollary: under permanent agriculture, the persistent weed problem
increases. This implies that a different cultivation technique had to be used,
and, in fact, the ard was replaced by the plough. Good evidence for the use
of the plough, i.e. turning of the soil, has been found in, for example,
Qudemolen (northern Netherlands) from the Late Iron Age (Waterbolk,
19835). Ploughing can hardly be done without the aid of draught animals,
such as cattle (Godwin, 1975), and the result was that there was no place
left for grasses in the cereal fields. ' o
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More or less simultaneously, the harrow was invented, the function of
which is to break clods and to remove grassy weeds. So, stubble fields
became less attractive for cattle because of the disappearance of grass from
these fields and simultaneously the need for grasslands increased because of
the higher demand for labour from draught animals (for which only cattle
were used). Hence, it is likely that grasslands became much more important,
because now there was an economic need for them. It should be realized
that ploughing was often needed in spring, in order to grow summer cere-
als, which means that peak labour demand was also in spring because that
was when the fields had to be prepared. As cattle would have suffered a seri-
ous loss of physical condition over the winter (WallisDeVries, 1994), it
became of paramount importance to develop a system of storing fodder dur-
ing winter. This must have led to haymaking, since harvesting grass is a rel-
atively efficient way of collecting food and storing it over winter. Most
browse species do provide enough energy to roughage grazers such as cattle
in summer but time budgets of labour for the collection of willow leaves and
twigs for animal fodder (S.E. Van Wieren, personal communication) show
that harvesting grass is at least 10 times more efficient than collecting wil-
low fodder from dense stands of young trees, if efficiency is expressed as dry
weight of fodder collected per unit time. Preliminary observations also show
that the intake rate of cattle is much higher on hay than on dried leaves of
shrubs or trees (5.E. Van Wieren and M.F. WallisDeVries, personal commu-
nication). With the invention of the heavy plough in the early Middle Ages
the need for an energy source for draught oxen became even more acute (see
below). In comparison with horses, cattle are better adapted to work hard
on a relative low quality diet and they do not need cereals to do this. Indeed,
good quality hay was a prerequisite to cereal production for the human pop-
ulation (Slicher van Bath, 1976), Tiixen (1974) makes mention of mowed
Molinietalia grasslands dated as 5000 BP, but this is a wrong citation of
Janssen (1972): there seems to be no evidence for haymaking from before
the Roman occupation in northwestern Europe (e.g. Knorzer, 1975). On
calcareous soils in southern England, however, the relative importance of
grasslands {as percentage of totally cleared grounds} became less important
and the arable field proportion increased concurrent with intensified forest
clearance during the Iron Age (Turner, 1981).

Stalling of cattle, which could be taken as evidence for haymaking, is
known from the northern part of The Netherlands from the Middle Bronze
Age (Emmerhout) but also from the Iron Age (Hijken, Ezinge) (Brongers and
Woltering, 1978). Evidence for Iron Age cattle stables has also been found
in Jutland (Jankuhn, 1969, cited in Knérzer, 1975). However, the presence
of stables may merely indicate thart cattle were kept indoors at night and it
does not necessarily prove winter feeding. Before the Late Iron Age (about
300 BC) houses were not permanent and they were moved with the shifting
agriculture, apparently through the village territory; but during the Late

- Iron Age and later, houses were permanently located close to the permanent
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agriculture on the celtic fields (Waterbolk, 1983). In at least some areas of
northwestern Europe, human population density had increased to some
10-15 humans/km? {calculated from Van Es, 1994, for the areas of the
Cananefati and Batavi along the lower Rhine in The Nethetlands), which
explains the need for novel agricultural techniques. From the Roman period
Columella’s instructions {in De Rustico, about AD 73} are available about
how to manage hayland, which includes re-sowing, removal of moss, fertil-
ization with dung and ashes, and exclusion of cattle from the land to pre-
clude sod destruction under wet conditions (Lange, 1976). Even if the
Romans had followed this advice in practice, their influence would have
been small, as is indicated by the estimate that in the southern Netherlands
the total area under cultivation for feeding half the Roman army that occu-
pied Germania Inferior was only 10 000 ha {Van Es, 1972); this is less than
1% of the area. Indeed, Appolinaris Sidonius in his letter to Heronius (ab
476), describes the river banks of a number of rivers in southern Europe as

having sandbanks, bordered by reeds, thorn shrubs and Acer and Quercus -
(Ter Kuile, 1976} but he does not mention grasslands. Horace (23 BC in his
Odes II-5} even mentions heifers ‘to play with the calves in marshy willow-

brooks’ (Shepherd, 1983). Fossil evidence for the occurrence of haylands is

very meagre indeed, and plant species typical of the moist, nutrient-rich
Arrbenatheretalia grasslands have not been identified from the central
European excavations {Lange, 1976).

The first evidence for haymaking is known from around Ap 200 for the :

area along the Lower Rhine near Utrecht: haymaking took place in the wet
floodplains of the river (Kooistra, 1994). These areas were originally
Phragmitetum and Lolio-Potentillion anserinae commuaities and not Alno-
Padion brook forests or other types of forest. Hence hay-making in this first
case did not imply felling of trees. Also Knérzer’s (1975) study on fossil
remains of plant taxa indicative of grasslands in the Rhineland area of
Germany reveals that the variety of these taxa is so large that, according to
him, it can be concluded that grazing grounds developed during the Roman
occupation for sufficiently long duration to set the stage for the formation
of modern grassland communities, Plant species in these communities orig-
inated mainly from forest floor communities, salt marshes and small open
areas on steep slopes, and were even introduced by long-distance dispersal
through livestock from steppes and alpine areas. Indeed, all character
species of the Arrbenaterion grasslands appeared then for the first time in
the fossil material and some evidence for dry chalk grassland (Festuco-
Brometea) has been found, with species such as Salvia pratensis, Scabiosa
columbaria, Sanguisorba minor, Pimpinella saxifraga and Carex caryophyl-
lea. Character species of the nutrient-rich Arrhenatherion grasslands and
moist Molinietalia grasslands were, however, still very rare or even absent
(Knorzer, 1975).

During the Tron Age, the salt marshes of northwestern Europe also became
occupied. Fossil material from the artificial floodhills (terpen or wierden)
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clearly show that the Dutch salt marshes were intensively grazed some 2000
years ago because many species of the funcetum gerardii community, subasso-
ciation leontodontetasum auwtumnalis, were found (Van Zeist, 1974). Human
occupation of these salt marshes started in only about 500 BC; excavations at
Ezinge showed that stables could house over 50 head of cattle (Waterbolk and
Boersma, 1976). Caesar’s description of the Suebi, a Germanic tribe, as living
mainly off milk and off meat obtained through hunting (Gallic War, IV-1;
Handford, 1951) seems exaggerated when considering the palaeobotanical
record (Knorzer, 1975). Likewise Caesar’s observation that near the Rhine the
Germanic tribes ‘are not agriculturalists and live principally on milk, cheese,
and meat’ (VI-22; Handford, 1951) is refuted (cf. Kooistra, 1994): the obser-
vations from the area of the Frisii shows that they grew foodplants, and the
experiments of Van Zeist et al. (1976) on Dutch salt marshes show that agri-
culture was possible even without dikes,

Very good evidence for the occurrence of grasslands (Koelerio-
Corynephoretea and Festuco-Brometea) and for moist grasslands possibly
used for haymaking (Molinio-Arrbencatheretea) dates back to the early
Middle Ages, namely from Czech villages from the Burgwallzeit (AD
700-900) (Opravil, 1978) and from storage barns from Wrocklaw cathedral
(ap 1000) (Kosina, 1978; see also Knorzer, 1975) (Figure 3.9). Written
sources also mention haymaking at that time in northern France: ‘Sixteen
bonniers [20 ha)] of cropland ... There are 4 bonniers of meadow, from
which 30 loads of hay can be taken. There are 3 bonniers of copse’ (Pounds,
1974). There is no fossil evidence for real meadows from Germany from
before ap 1000 (Willerding, 1978) but evidence becomes increasingly com-
mon afterwards (Lange, 1976).

During this period the heavy plough replaced the light plough that was
in use during the Roman period. These heavy ploughs needed teams of peo-
ple and oxen: the coulter made a vertical cut through the soil, while the
share cut horizontally, and the mouldboard turned the soil, burying the
weeds (Pounds, 1974). In the early Medieval period only oxen were used for
ploughing, but with the introduction of the padded collar to the harness,
horses could be used additionaily in the late Medieval period (Pounds,
1974). ‘A chief restraint on animal rearing was the shortage of winter fod-
der ... [and] there was nothing except hay on which to feed the animals
through the winter. Ploughing oxen had a prior claim on the food supply’
(Pounds, 1974). Dairy cows were few, except in low-lying lands of Belgium,
The Netherlands and northern Germany (Pounds, 1974). Much of the pas-
ture will have been provided by salt marshes until embankments against the
sea caused fresh water to replace the salt or brackish water and to alter the
vegetation towards ordinary inland grassland dominated by species as
Lolium perenne.

The fossil evidence thus coincides with historical data, which show that
between AD 8§00 and 1000 and from the year 1400 onward, forests on heavy
or wet soils were increasingly cleared (Walter, 1927). This was made possible,
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Figure 3.9 Most existing grasslands are ‘replacement communities’, such as this -

abundantly flowering, semi-natural hay-meadow in the montane Swiss Alps.

Iy
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ot perhaps necessary, by the increased human density and by better techniques
for draining the soils (Pounds, 1974). Since the Molinsetalia grasslands are a
subdivision of the Molinio-Arrbeneatheretea class, the group of communities
that replaced the alder forest and willow stands (namely, the Calthion palus-
tris, Filipendulion and Junco subuliflori-Molinion communities) have devel-
oped only since the Middle Ages. The forests (rom wetter sites were then
felled as a result of the development of appropriate technology and a growing
demand for land with the rising human population {Pound, 1974). A mote
detailed account of human impact on plant communities, particularly with
respect to grazing by livestock, is given in Chapter 4.

3.7 CONCLUSIONS AND CONSEQUENCES FOR NATURE
CONSERVATION

It can thus be concluded that grassland communities in northwestern
Europe belong only to a small extent to the natural landscape, in contrast to
Phragmitetea reed and sedge communities (Phragmition, Oenanthion aquat-
icae and Magnocaricion communities) which had undoubtedly developed
during the previous interglacial periods and perhaps even before the
Pleistocene (Table 3.12). The oldest anthropogenic grasslands belong to the
Mesobromion which started developing in the Bronze Age alongside the
Calluna beaths, The Arrbenatherion grasslands may be seen as a derivative
from the natural Lolic-Potentillion anserinae communities along the larger
rivers, which could spread due to intensified grazing by domestic stock.
Moist grasslands used for haymaking, especially the Molinietalia grasslands,
are of recent origin and date back only to the Middle Ages when forests on
poorly drained soils were felled. These anthropogenic grasslands belong to
the semi-natural landscape (Chapter 2).

These observations and conclusions have important implications for nature
conservation. If nature is defined as the combination of wild native species and
the action of natural processes on these wild species, then the aim of nature
conservation should only be to maintain the integrity of natural communities
and even ecosystems. Nature conservation of grassland communities could
then be restricted to the natural grassland types (Table 3.12). Nature manage-
ment of this latter class should then be aimed at preventing nutrient input but
also at the removal of dominance by Calluna vulgaris, and grazing as a man-
agement technique to suppress grass growth would be inappropriate, To main-
tain salt marshes one needs flooding by salt water, and grazing or mowing are
not necessary as long as mudflats can develop into new salt marshes.
Management techniques to maintain the Mesobromion, which often include
grazing, would be inappropriate, since the natural vegetation there would be
broad-leaved forest. By the same token, nature management through
haymaking in the Molinietalia grasslands would be wrong since the natural
vegetation in areas with that type of grassland would be the Alno-Padion.
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Table 3.12 Qverview of the origins of contemporary grassland communities and
other open vegetation types from northwestern Europe (syntaxa after Westhoff and
Den Held, 1969)

Landscape Community Vegeration type
Natural Asteretea tripolii Salt marshes
Phragmitetea Reed and sedge marshes

Agropyro-Rumicion crispi  Riverine grassland
Corynephoretalia Dune grassland from acid soils
Mesobrometum-Seslerio-  Mesic calcareous grassland

Polygaletosum
Xerobromion Dry chalk grassland

Anthropogenic Mesobromion Mesic calcareous grassland

{Bronze Age Nardo-Calluneta Heathland from acid soils

origins) Arrhenaterion elatioris Fertilized grassland
Anthropogenic Molinietalia Hay-meadows

{(Middle Age

origins)

Adherents of this view on nature conservation emphasize lack of natural
processes and especially the lack of wild large herbivores in the present
‘nature reserves’. This leads to the increased desire to reintroduce, for exam-
ple, beaver and moose, to abandon red deer and wild boar hunting, and to
introduce semi-wild grazers to replace the extinct aurochs with Heck cattle
and the extinct wild horse with Konik horses. Within the nature conserva-
tion movement, adherents of this view have often been denounced as
romanticists, implying that what they want is unattainable.

Inter alia, scientists apparently have an urge to discover very ancient rem-
nants of particular vegetation types, remnants of a period long lost but stiil
occurring in the countryside. One example has already been mentioned: the
supposed Pleistocene origin of British chalk grasslands, for which the data
are definitely too weak to prove their ancient origin. Also some ‘ancient’
woodlands are supposed to represent a more or less unbroken continuance
of forests since the post-Pleistocene reforestation of Britain {Rackham,
1980). Again, the facts appear to be otherwise and a particular ancient
woodland which was well studied proved to be ‘only’ 1000 years old (Day,
1993). Northwestern Europe has surely been used so long and so intensively
as to preclude the occurrence of ‘original’ vegetation in areas that have, or
had, agricultural potential. This implies that nature conservationists do not
have the natural, wild examples of how northwestern Europe could, and
must, look like if and when nature restoration takes place on abandoned
agricultural land or even in nature reserves. This presents a major challenge,
because now scientists have to find out what natural vegetation types would
look like, what vertebrate species assemblages have to be reassembled, and
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in what densities these animals have to live in areas where nature restora-
tion takes place. Even with the prolonged effort of palacoecologists the past
is still a very imperfect mirror - but this mirror can be used for restoring
nature in northwestern Europe.

On the other hand, many conservation organizations in western Europe
implicitly define nature as the occurrence of indigenous wild plant species
that can maintain themselves without sowing. If at the same time the
(plant) communities that have developed over centuries under management
techniques from before the Industrial Revolution have to be preserved,
then the term ‘nature’ is used to label the semi-natural landscape that can
be described as pre-industrial or low-intensity farm land (Chapter 2). In
that case a whole set of management techniques have to be employed to
mimic the farming activities of our ancestors. These techniques include:
herding sheep, grass and tree suppression, and litter removal on heaths;
extensive pastoralism and tree suppression in Mesobromion vegetation; and
haymaking, extensive grazing, tree suppression and nutrient removal in
Molinietalia grasslands. 1f these techniques are to be employed, there
should preferably be the same high labour input and low level of mecha-
nization as those of our ancestors, so as to ensure the same impact on the
communtties, It should be remarked, too, that the costs of this type of
nature management may be much higher than the type of management
advocated by the ‘romanticists’.

Whatever the chosen aim and its dependent set of actions, management
activities must always take into account water management to maintain the
proper hydrological regime, counter-action against acidification, and pre-
vention of habitat fragmentation and input of nutrients or pollutants. This
is a daunting task for which the adherents of the two (often contrasting)
views definitely should form a united front against the many forces in
European societies that care little for Europe’s native fauna and flora or for
its landscape.
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