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Abstract: Livestock grazing (without modern fertilizers), mowing, and other traditional methods of animal
busbandry are used in Europe for managing buman-made babitats such as seminatural grasslands. From a
review of essential literature, I bypothesize that traditional animal busbandry partially compensates for the
loss of natural processes that have been suppressed by humans. There is indirect evidence that livestock graz-
ing and mowing have made possible the continued existence of many species threatened by the human over-
kill of megaberbivores and other large berbivores. Many species that were dependent on natural fires and
Sloods may bave benefited from grazing and mowing, which also may be effective tools for mitigating the
negative effects of eutropbication. As partial surrogates, traditional grazing and mowing have obscured the
importance of natural disturbances to European biodiversity. Thus, the end of traditional animal busbandry,
together with the suppression of natural disturbances, may cause even more adverse effects to biodiversity
than is generally recognized.

Mitigacion de los Efectos Humanos sobre la Biodiversidad Europea Mediante la Produccion Tradicional de Animales

Resumen: FEl pastoreo de ganado (sin fertilizantes modernos), el segado y otros métodos tradicionales de
produccion animal son usados en Europa para el manejo de habitats creados por humanos tales como los
pastizales seminaturales. A partir de una revision de la literatura esencial, planteo la bipotesis que la pro-
duccion tradicional de animales compensa parcialmente por la pérdida de procesos naturales que ban sido
suprimidos por bumanos. Existe evidencia indirecta de que el pastoreo y el segado ba becho posible la exist-
encia continuada de muchas especies amenazadas por la eliminacion excesiva de megaberbivoros y otros
herbivoros grandes. Muchas especies que dependian de incendios naturales e inundaciones, se han benefi-
ciado del pastoreo y el segado, lo cual puede ser también una berramienta efectiva para mitigar los efectos
negativos de la eutroficacion. Como sustitutos parciales, el pastoreo tradicional y el segado bhan confundido
la importancia de las perturbaciones naturales sobre la biodiversidad europea. Por lo tanto, el fin de la pro-
duccion animal tradicional junto con la supresion de perturbaciones naturales puede causar efectos sobre la
biodiversidad avin mas adversos de lo que generalmente se reconocen.

Introduction

In the European agricultural landscape, seminatural grass-
lands—permanent unfertilized pastures and meadows
formed by traditional agricultural methods—are valuable
habitats for nature conservation (Duffey et al. 1974; Bak-
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ker 1989). Their decline has been severe during recent
decades, however, because of the intensification of agri-
cultural methods and the abandonment of traditionally
used areas (Hillier et al. 1990).

Traditional livestock grazing and mowing are widely
used to maintain high biodiversity or rare species. Their
similarities to natural processes are rarely recognized,
however, so the importance of traditional animal hus-
bandry as a conservation tool is underrated. I hypothe-
sized that in Northern and Central Europe methods ap-
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plied in traditional animal husbandry partially replace
several human-suppressed and important natural pro-
cesses that maintain biodiversity and mitigate other dele-
terious human effects. Because of the similarities be-
tween the effects of natural disturbances and animal
husbandry, traditionally managed habitats can harbor
many features of pristine habitats.

Because modern agriculture usually employs intensive
methods and inorganic fertilizaters harmful to biodiver-
sity, a clear distinction between it and traditional animal
husbandry must be made. I define traditional animal hus-
bandry as livestock grazing, mowing, and other methods
(excluding plowing and seeding) of supplying food,
fences, and shelter for animals in a way developed be-
fore the industrial revolution, methods that cause no nu-
trient enrichment to managed seminatural areas. My hy-
pothesis has a speculative flavor because empirical data
on the ecological effects of most natural disturbances to
European ecosystems are largely lacking. However, if
further studies justify this hypothesis, it would encour-
age new succesful biodiversity management in Europe
and elsewhere.

History of Land Use and Vegetation

Until the nineteenth century, most of the land in Europe
was used for traditional animal husbandry (Ellenberg
1988; Emanuelsson 1988). Because of differences in cli-
mate and the size of human populations, land manage-
ment in different parts of Europe varied in many re-
spects. A crudely simplified picture of land-use practices
can be given for Northern and Central Europe. Most her-
baceous vegetation (mires, shores, etc.) were used as
hay meadows and/or pastures, and many forests and
other partially forested areas were cleared to form mead-
ows, often with the help of fire (Ellenberg 1988). Win-
ter fodder for animals was collected from meadows and
from pollarded and coppiced trees. Cattle grazed almost
everywhere in the forests (Rackham 1995). Other com-
monly used methods for vegetation manipulation were
cutting of trees and bushes, burning, and irrigation of
hay meadows (Ellenberg 1988; Rackham 1995). Many
areas were occasionally plowed, and fields were grazed
when fallow. Fertilization of arable crops with animal
manure caused a nutrient shift from grazed grasslands
and forests to cultivated fields (Emanuelsson 1988). As a
result, nutrient depletion occurred over time in most of
the seminatural areas (Emanuelsson 1988).

Most ecologists in Europe agree that traditional live-
stock grazing and hay removal maintain and/or increase
the richness of plant species and are important for the
maintenance of animal species diversity (Duffey et al.
1974, Hillier et al. 1990). Plant succession results in the
loss of many species after abandonment of the tradi-
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tional methods; thus, seminatural habitats, although hu-
man-made, have high priority in nature conservation
(Duffey et al. 1974; Bakker 1989).

Most species of permanent grasslands and other semi-
natural grazed and mowed habitats are indigenous to an
area; Central Europe is a good example (Ellenberg
1988). Why do so many indigenous species benefit or
depend on traditional animal husbandry?

It is generally thought that during the Holocene, be-
fore human-made clearances, forests covered most of
Europe and primary grassland vegetation was rare
(Rackham 1995). Natural grasslands occurred mainly on
floodplains and other wetlands, mountains, cliffs, and
other skeletal or toxic soils (Ellenberg 1988). Recently,
the hypothesis of closed-forest domination has come
into question mainly because most species do not grow
in closed forests but in semi-open or open areas (Anders-
son & Appelqvist 1990; Rose 1992; Wallis de Vries
1995). Few vascular plants in Central Europe prefer
shade (Ellenberg 1990; Ellenberg et al. 1991). The abun-
dance of species in semi-open forests does not prove
that closed forests were not dominant, but it serves as
evidence of the crucial importance of natural distur-
bances to European ecosystems. A large proportion of
woodland species thrive in open, sunny conditions, sug-
gesting that primeval forests may partially have more re-
sembled pasture-woodlands than closed-canopy forests
(Rose 1992).

Fires, storms, floods, landslides, and beavers (Castor
fiber in Europe and Castor canadensis in North Amer-
ica) created a variety of gaps in forested landscapes
(Ellenberg 1988). Short-term grassland vegetation in the
forest gaps may have been fairly common, forming the
original habitats of many plants and animals regarded as
grassland species (Nilsson & Ericson 1997). It has been
argued that most of these primary grasslands in Europe
have been destroyed by humans and that the existence
of many grassland species depends upon seminatural
grasslands (Erhardt & Thomas 1991; Klemm 1996). Sev-
eral authors have also pointed out that grazing cattle
compensated for the loss of many native large herbi-
vores (Ridley 1930; van Wieren 1995; Wallis de Vries
1995; OIff et al. 1999).

Large Herbivores

It seems probable that humans played an important role
in the mass extinction of mammals at the end of the
Pleistocene in Eurasia, North and South America, and
Australia (Martin & Klein 1984). Owen-Smith (1987) has
shown that megaherbivores (mammals exceeding 1000
kg in body mass) were keystone species that could turn
a closed forest into an open, park-like woodland or
grassy savannah, at least in arid regions. There is no con-
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vincing evidence that large herbivores created grass-
lands or savannah-like woodlands in Europe, although
several authors have suggested it (Andersson & Ap-
pelqvist 1990; Wallis de Vries 1995; OIlff et al. 1999).
There is support, however, for the hypothesis that the
European landscape changed after the depauperation of
the mammalian fauna. Grassland plants were more abun-
dant during the earlier interglacial periods than from
10,000 to 4,000 B.C. (Rackham 1995). Native large her-
bivores left in Europe are important in determining the
structure and species composition of forests and in pro-
longing the life span of grassland gaps (Faliiski 1986;
Kirby et al. 1995; OIff et al. 1999). Large herbivores may
also increase the persistence of the effects on vegetation
of natural disturbances such as fire and floods (Ellenberg
1988; Nilsson & Ericson 1997).

Many European plants have adaptations that reduce
the potential harmful effects of grazing and amplify the
dispersal of plant propagules with large grazing animals.
For example, a biennial grassland plant, Gentianella
campestris, may even show overcompensation, or in-
creased fruit and seed yield as a consequence of grazing
damage (Lennartsson et al. 1998). This shows that the
long history of coevolution with large mammalian herbi-
vores is still visible in the European flora. Andersson and
Appelgvist (1990) have even suggested that ancient agri-
culture with grazing livestock saved a large proportion
of the grassland flora that had adapted to grazing by in-
digenous herbivores. The importance of livestock as
seed dispersers in place of extinct herbivores has been
noted by several authors (Ridley 1930; Janzen 1982). Fis-
cher et al. (1996) exemplified the efficiency of seed dis-
persal by livestock: a single sheep transported over 8500
diaspores of 85 vascular plant species in its fleece during
one summer.

Mammalian herbivores become less selective of plant
material as body size increases (Demment & van Soest
1985). Most ruminants in the Northern hemisphere are
selective feeders: concentrate selectors (browsers, such
as roe deer [Capreolus capreolus] and moose [Alces al-
ces]), intermediate feeders (red deer [Cervus elapbus],
European bison [Bison bonanus] and goat [Capra bir-
cus)), or selective grass-roughage eaters (sheep [Ovis ar-
ies]) (Hofmann 1985). The only nonselective grass-rough-
age eaters in Europe highly adapted to digest forage rich
in fiber were aurochs (Bos primigenius), which are ex-
tinct, and domestic cattle (Hofmann 1985). Nonselec-
tive feeding behavior leads to the suppression of large
and abundant plants. This in turn increases plant diver-
sity (Hulme 1996). The feeding behavior of aurochs, and
probably of megaherbivores in general, suggests that
they were beneficial for biodiversity. Because the key-
stone species, aurochs and tarpan (Equus ferus), are ex-
tinct, ecological substitutes for them, cattle and horses,
should be used in nature conservation (van Wieren
1995; Wallis de Vries 1995; OIff et al. 1999).
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Fires

Fire was an key ecological process for maintaining biodi-
versity on a landscape scale in Europe, particularly in the
boreal zone (Zackrisson 1977; Esseen et al. 1997). Fire
suppression by humans has been efficient in Northern
and Central Europe. For example, in recent decades
only 0.001-0.02% of forest acreage has burned annually
in Sweden (Esseen et al. 1997).

There are many similarities between the ecological ef-
fects of herbivores and fire (Bond & van Wilgen 1996),
but also many differences (Hobbs 1996) (Table 1). Mow-
ing often accomplishes most of the conspicuous changes
caused by fire (Daubenmire 1968). Although more stud-
ies are needed, it appears that many European plants in-
digenous to fire-prone habitats or otherwise increased
by burning, benefit from grazing and mowing.

Without livestock grazing and mowing, the cooling of
climate during the Holocene would have led to the ex-
tinction of many thermophilous species in Northern Eu-
rope (Thomas 1993). Eighteen percent of the British
butterfly fauna depend on traditional grassland manage-
ment, which reduces the height of the vegetation and
results in a warmer microclimate in the summer (Tho-
mas 1993). Maculinea arion is a classic example of a
management-dependent species, which in the United

Table 1. Similarities between the ecological effects of fires and of
traditional livestock grazing and mowing.*

Ecological effect Fire

Defoliation + +
Biomass cover of live and
standing dead plants

Litter cover

Trees and bushes

Spruce

Deciduous trees

Light availability

‘Warm microhabitats

Longer growing season

Gaps in the vegetation

Nutrient cycling

Available nutrients

Aboveground production

Seed-dispersal distances

Seedlings of plants

Flowering of plants

Allelopathic chemicals in
soils

Compaction of soils

Erosion

Rise of soil pH

Physical weathering of
rock surfaces

Landscape-level
heterogeneity + +

Grazing and mowing

+ (grazing) — (mowing)

U

e

o+ 4

+
(=

*Compiled from Daubenmire 1968; Duffey et al. 1974; Rundel 1981;
Bakker 1989; Thomas 1993; Whelan 1995; Bond & van Wilgen
1996. Symbols: +, increase; —, decrease; 0, no response.
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Kingdom is confined to effectively grazed (vegetation
grazed to <3 cm tall), south-facing slopes (Thomas et al.
1998). In Finland M. arion is found on southern slopes
of semi-open pine forests on sandy eskers, and the spe-
cies is threatened because of the elimination of forest
fires (Kolev 1998). This example suggests that the ther-
mophilous fauna was originally dependent on fires and
other natural disturbances. Because the natural distur-
bance regime ceased long ago, many thermophilous spe-
cies may now depend on human-made disturbances
such as livestock grazing.

Floods

Humans have tried to prevent floods by regulating the
water level of lakes and rivers and the drainage of wet-
lands. As a result, the conditions of most European wet-
land ecosystems have changed (for rivers see Dynesius
& Nilsson 1994). Natural floods act as geomorphic dis-
turbances creating herbaceous wetland vegetation. Be-
fore regulation, river dynamics in the flood plains of
large rivers created a variety of dynamic grassland habi-
tats (Klemm 1996). With the prevention of spring
floods, however, the extent of natural alluvial grassland
along river and lake shores has decreased. The decrease
in naturally formed wet grasslands has been largely off-
set by the use and creation of wetland meadows (Klemm
1996). Thus, livestock grazing has been beneficial to the
biodiversity of North and Central European shorelines
(Dijkema 1990).

Table 2. Relationship between various ecological effects and
traditional grazing and mowing or eutrophication.”

Grazing and

Ecological factors mowing® Eutropbication®

Small-scale structural
diversity
Light, temperature
radiation
Temperature oscillations
Moisture oscillations
“Continentality”
Net primary production
Amounts of available
nutrients — +
Abundance of reed - +4
Effect of natural physical
disturbances + —

+
I

|+ + + +

“Symbols: +, grazing and mowing or eutrophication increases the
ecological factor considered; —, grazing and mowing or eutrophbica-
tion decreases the ecological factor considered.

bCompiled from several sources (e.g., Bakker 1989; Dijkema 1990;
Hillier et al. 1990; Stoutjesdijk & Barkman 1992; Thomas 1993).
‘From Ellenberg (1990).

4From Bjork (1967).
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Eutrophication

Eutrophication is one of the most severe problems for
biodiversity in Europe (Ellenberg 1990; Thompson 1994).
The majority of the vascular plants native to Europe are
restricted to less productive habitats (Hodgson 1987;
Ellenberg 1990). Nutrient enrichment (mainly nitrogen
and phosphorus) increases primary production and de-
creases plant diversity in most environments (Tamm
199D).

Mowing and grazing have resulted in a significant re-
moval of nutrients in some studies (Marss 1993). In this
respect, mowing is more effective than grazing. In many
eutrophied habitats, both measures can be used to miti-
gate the effects of nutrient enrichment (Table 2; Ander-
son 1995) because they effectively decrease the stand-
ing crop and control species assemblages (Bakker 1989;
Jefferies & Maron 1997).

Eutrophication of waters is probably an important fac-
tor (together with the cessation of grazing) in the signifi-
cant increase of reed (Phragmites australis) in North-
ern Europe (Bjork 1967; Puurman & Ratas 1995). The
expanding area covered by reeds has caused a decline in
the population of many species typical of low-growing
vegetation along shores. Grazing and mowing prevent
the expansion of reeds. Similarly, grazing can promote
the existence of the halophytic vegetation and the spe-
cialized fauna and flora of salt marshes (Dijkema 1990).
Decreases in the populations of halophytic plants have
occurred on the brackish shores of the Baltic, caused
by eutrophication, drainage, and other human-induced
changes. Vascular plant species assemblages of Finnish
grazed, soft-bottom seashores can be floristically similar
to those of pristine seashores. Most vascular plants of
soft-bottom seashore grasslands would benefit from cat-
tle grazing (Fig. 1).

Eutrophication also speeds up overgrowth and in-
creases the standing crop in fens, thus reducing species
richness (Wheeler et al. 1995). Most rare fen species oc-
cur in speciesrich fens with a low standing crop
(Wheeler 1988). Grazing and, particularly, mowing can
mitigate the effects of eutrophication (Wheeler 1988;
Vermeer & Joosten 1992). Therefore, they can be used
as management tools to maintain the original species-
rich vegetation (Wheeler 1988; Verhoeven et al. 1996).

Eutrophication causes a shift toward more maritime
Atlantic conditions because the height of the vegetation
increases and the climate of the habitat becomes cooler
and moister (Ellenberg 1990). Ellenberg (1990) has
shown that in Central Europe the plants requiring a con-
tinental microclimate (much light, high temperature)
are more threatened than those requiring an Atlantic mi-
croclimate. Grazing and mowing cause a shift toward
continental microclimate (Thomas 1993), mitigating the
microclimatic changes caused by eutrophication.



plant taxa (%)

(a)all (n=73) b} soft-bottom seashare

grasslands (n=35)

Figure 1. Effects of cattle grazing on Finnish vascular
Dplant species and subspecies restricted to bracRish
shores of the Baltic Sea: (a) all taxa and (b) taxa of
soft-bottom seashore grasslands. The figure shows the
percentage of taxa benefiting (+) from or decreasing
(—) because of cattle grazing. Question mark means
the relationship is not known. Compiled from several
sources (e.g., Kauppi 1967; Tyler 1969; Ericson & Wal-
lentinus 1979; Bakker & Ruyter 1981, Hdirdtle 1984;
Jensen 1985; Bakker 1989; Dijkema 1990; Ekstam &
Forshed 1992; Jutila 1999).

Other Natural Disturbances

It is possible that traditional animal husbandry has also
been a partial surrogate for several other important natu-
ral disturbances. Beavers, for example, were once an im-
portant ecosystem component. Beavers increase the
area of herbaceous wetland vegetation a great deal
(Coles & Orme 1983; Naiman et al. 1988). Some species
possibly adapted to the beaver-made wetlands may have
survived without beavers because of livestock grazing
and mowing of the cleared wet forests. There are no em-
pirical data yet, so research is clearly needed to support
this hypothesis. Even though grasslands created by bea-
vers differ from seminatural grasslands in many respects,
they both create herbaceous vegetation.

Storm gaps in forests are probably important for the
survival of many species (Peterken 1996). The opportu-
nities for storms to create herbaceous vegetation in Eu-
rope have been suppressed by humans because trees are
usually cut before they grow old. Even low-intensity, se-
lective cutting of forests in the past decreased the den-
sity of uprooted trees, which caused shortages of ex-
posed soil (Jonsson & Dynesius 1993). Gap species
differ in their response to grazing and mowing, but I sug-
gest that most of them have benefited from the opening
of forests (semi-open forests and grasslands). Suppos-
edly, many gap species have also benefited from tradi-
tional animal husbandry (Nilsson & Ericson 1997).

Traditional agriculture practitioners used plenty of
wood, which affected biodiversity severely (Nilsson 1997).
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Nevertheless, pollarded deciduous trees (cut 1.5-3 m
above the ground, with leaves used for winter fodder of
animals) and constructions of untreated timber, such as
barns and fences, were abundant and partially consisted
of decaying wood and may have partially mitigated for
the losses caused by wood usage. Pollarded trees are
now the main habitat for many rare cryptogams and in-
sects that are thought to be relics of the virgin forest
(Rose 1992). There was probably more wood without
bark in agricultural structures than in forests over large
areas of Europe.

Interactions between Different Agents
and Processes

The various biotic and abiotic agents and processes dis-
cussed separately above have several important interac-
tions that may amplify their effects; these interactions
are poorly understood. In beaver-made wetlands, for ex-
ample, grazing by large herbivores may have been of
great importance in suppression of tree growth. There
were probably several important interactions between
fires and indigenous large herbivores, although grazing
reduces the frequency, extent, and intensity of fires
(Hobbs 1996). Large herbivores prefer burned areas
with nutrient-rich plant material (Daubenmire 1968).
This co-evolution may explain why burning combined
with grazing seems beneficial to many plant species
(Green 1983).

Discussion

The differences and similarities of the effects of natural
disturbances and traditional animal husbandry on eco-
systems depend on their scale, intensity, timing, season-
ality, and frequency. A variety of species and ecosystem
responses can be expected when these variables change.
Many natural disturbances are periodic, and whether
continual disturbances such as grazing and mowing can
replace natural disturbances is questionable. My hypoth-
esis does not address the question of whether traditional
animal husbandry can be used to replace natural distur-
bances (although there are similarities in ecosystem re-
sponses) but whether animal husbandry can further the
survival of many species otherwise dependent on natu-
ral disturbances. In Northern and Central Europe, the
abundance of trees is a key variable in terrestrial ecosys-
tems. Both natural disturbances and traditional animal
husbandry have created the treeless or semi-open habi-
tats important to a large proportion of the European
flora and fauna.

The prevalent use of European land for traditional ani-
mal husbandry had severe adverse effects on biodiver-
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sity: large areas were used relatively monotonously (al-
though land use was more variable than today), and the
amount of ancient woodland and dead wood decreased
markedly (Ellenberg 1988; Nilsson 1997).

My findings do not emphasize the sole importance of
traditional animal husbandry to the maintenance of
biodiversity. They also emphasize that traditional live-
stock grazing and mowing have obscured our under-
standing of the importance of natural disturbance pro-
cesses. The suppression of fire and other disturbances
would probably have caused a more severe decline of
biodiversity than expected, but this negative effect has
been partly delayed by traditional agricultural manage-
ment. Because considerable time may elapse before pop-
ulations reach an equilibrium after habitat change
(Tilman et al. 1994), it is possible that the occurrence
and distribution of many species partly reflect past con-
ditions. If neither natural disturbances nor traditional an-
imal husbandry are revitalized, these species will disap-
pear sooner or later.

Studies of the differences between traditional and
modern agricultural management usually focus on the
negative effects of plowing, seeding, and artificial fertili-
zation. Besides fertilization, modern animal husbandry
causes nutrient enrichment in several other ways. Ani-
mals are often given supplementary forages, or seminat-
ural areas are fenced in with cultivated pastures, causing
nutrient flow with animal feces from cultivated pastures
to seminatural pastures (Londo 1990). Animals may be
kept in seminatural pastures only at night. Because live-
stock graze mostly during the day and defecate at night,
nutrient enrichment of seminatural pastures occurs. If
grazing and mowing are used to maintain biodiversity,
the nutrient capital in the area should be stable or de-
clining (Bakker 1989; Marss 1993).

Freely moving livestock resemble more natural herbi-
vore patterns than fenced livestock (Wallis de Vries
1995), partly because of the dispersal of plant propagules
by freely moving livestock (Fischer et al. 1996). Large
grazing areas usually include fertilized areas such as
former arable fields, however, and the nutrient flow via
the livestock may be from the arable land to the seminat-
ural vegetation (Londo 1990). Theoretically, fenced live-
stock can also be used more precisely for managing
biodiversity. Grazing is often considered more natural
than mowing. Because of the lack of data, however, it is
usually not possible to evaluate which method is better
in compensating for the lack of specific natural distur-
bances in various ecosystems.

Some conclusions for nature conservation can be
drawn. First, the optimal grazing management system
for biodiversity is probably a complicated combination
both of continuity (similar grazing pressure over a long
time) and stochasticities (variation in grazing pressure,
rotational grazing, and abandonment and resumption of
grazing) and of different grazing pressures and animals
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over a variety of spatial and temporal scales. Second,
when grazing and mowing are used for maintaining
biodiversity, no human-induced nutrient supply (artifi-
cial fertilization, supplementary forage, nutrient flow via
animal feces from cultivated pastures) should be al-
lowed. This is a difficult goal to achieve because animal
husbandry that does not cause nutrient enrichment is
largely relegated to history. Nevertheless, this would be
most important for maintaining biodiversity in the Euro-
pean agricultural landscape. The grazing system should
be prescribed precisely to obtain relevant information
on species’ response to livestock grazing in different sit-
uations. Finally, the ideas I have presented suggest that
further studies are urgently needed to clarify and verify
the importance of traditional animal husbandry in com-
pensating for the lack of natural processes in different
ecosystems.
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