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Abstract

Changes in agricultural systems since the 50’s led to considerable changes in rural hedgerow network land-
scapes. In these landscapes, ecological processes depend on the spatial structure of the network (length of
hedgerows, connectedness, grain size). This paper reports on a study of the dynamics of such a landscape
at four periods of time (1952, 1961, 1972, 1985) done on 26 contiguous 16 ha quadrats. A correspondence
analysis of the data matrix yields a gradient of change from dense highly connected networks to hetero-
geneous landscapes with few hedgerows. The study of individual trajectories of the quadrats alowed them
to be regrouped in various types of changes. It is possble for a quadrat to go through several pathways. Rates
of change varied through time, the 1961— 1972 period had most changes. The use of supplementary elements
in correspondence analysis proves to be a useful way to approach spatid hierarchy and alows a better under-

standing of the differentiation of landscape units.

Introduction

Change in landscape dtructure is of concern in land-
scape ecology (Burgess and Sharp 1981; Baudry
and Burel 1982, 1985; Romme and Knight 1982;
Shugart 1984; Forman and Godron 1986; Turner
1987; O’Neill et al. 1988). Baker (1989) points out
that we frequently have a ‘lack of knowledge of
how and why the landscape changes, as wel as em-
pirical data on landscape processes . Turner and
Rusher (1988) asked about the ecologicd relevance
of varidble and the scde a which they are studied.

Most studies of landscape changes are based on
the number or the area of various eements such as
forest, farmland, urban areas, small biotopes. If
spatia characteristics (e.g. contiguity, connected-
ness . ..) are measured, they are deat with
separately (e.g. Fahrig and Merriam 1985; Turner

1987). Few investigators attempt to give an inte-
grated view of the whole landscape structure.
Phipps et al. (1986) use a multivariate approach to
dea with environmental variables that constrain
land-use, and do not consider landscape structures!
The multivariate descriptions of Danish landscapes
by Agger and Brandt (1988) consider only land- -
scape composition (i.e. the type of landscape ele-
ments that are present), not its structure (the way
the elements are related in space).

This paper reports onchanges in a hedgerow net-
work landscape in Brittany, France between 1952
and 1985. During this period dramatic changes in
landscapes occurred everywhere in Europe (Leo-
nard and Cobham 1977; Braekevelt 1988; Agger
and Brandt 1988). However, by the end of the 70’s,
new environmental regulations in France decreas-
ed changes subsidized by the administration and
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caused rurd planners to take the ecologicd vaue of
the landscapes (Baudry and Burel 1984) into
account.

The ecology of hedgerow network landscapes has
been widely studied (Pollard et al. 1974; INRA et
al. 1976; Forman and Baudry 1984; Burel and
Baudry 1989, 1990) and the information is suffi-
cient to identify the spatia variables having a role
in the sustainability or change in ecological pro-
cesss. We used these varisbles to study landscape
structure dynamics; employing a multivariate anal-
ysis that alows interpretation of the trgjectories in
time. First, we focus on methods of landscape de-
scription, the usefulness of the descriptors, their
complementarity, and the relative change of their
value through time. Then we link them with possi-
ble factors of change.

Forman and Baudry (1984) identified some siruc-
tural features of hedgerows such as, length, dis-
tance to woodlots, connections among hedgerows,
and fidd dze, which influence their ecology. Hedg-
erows are a refuge for many hiotic species in farm-
land. Some species are confined to hedgerows,
others spend part of ther life cycle in fields. Exam-
ples include smal mammals (i.e. Apodemus,
(Constant et al. 1976a), carabid beetles (Lyngby
and Nielse 1980), bumble bees (Fretault 1977) and
many birds (Constant et al. 1976b)). Hedgerow
length is a measure of the available habitat, al-
though there are considerable differences in habitat
quality according to hedgerow vegetation structure
(Constant et al. 1976b; Yahner 1983; Osborne
1984; Burel 1989). Paralel hedgerows bordering
lanes (Burel and Baudry 1989), are of specia im-
portance.

Grain size means the densty of hedgerows within
a landscape. This is probably the first structura
characteristic recognized as important by ecolo-
gists. It has special importance to bird populations
(Congtant et al. 1976h). Dense hedgerow networks
can sustain more species (up to 40 per 10 ha) and
more pairs of passerine birds than can a landscape
with a few scattered hedgerows. There is dso a simi-
lar effect on carabid populations (Deveaux 1976).
Solar radiation interception is greater and wind
eed is reduced in fine grain networks (Guyot and
Seguin  1976).

The effect of connections between hedgerows
and/or woodlots on plant species composition has
been described by Baudry (1985, 1989a; Burd and
Baudry 1989, 1990) in New-Jersey, U.S.A. and
Brittany, France. Similar results were obtained by
Burel (1988, 1989) for ground beetles. Merriam
(1984; Fahrig and Merriam 1985) points out the role
of connections for the survival of populations of
small mammals.

A connected network aso alows a better control
of water fluxes (Baudry 1989b; Burd and Baudry
1989).

Study area

The research was carried in Lalleu, a 1500 ha
municipdity, 50 km south of Rennes, France. This
administrative unit is a level of decision for plan-
ning operations such as road enlargement, urbani-
zation and redlotment programs. Interactions
among farmers are also more intensive within a
municipality. Hence, it is a relevant unit for the
study of landscape dynamics in a rural area,

The Laleu landscape is farmland (grassland,
cereals, maize) with most of the fields surrounded
by hedgerows. Hedgerows are mainly composed of
pruned oaks, pollarded every nine years, according

‘to the locd rules. There are no woodlots. Roads be-

tween small villages are an important landscape
gructure. The bedrock of the municipaity is an a-
ternation of shale supporting gently rolling land-
scapes and sandstone, which forms steep slopes.
The stripes of bedrock are oriented east-west.
Agriculture has traditionally mixed dairy cattle
husbandry with cereal cultivation. During the study
period, there have been four agricultural censuses
(1955, 1970, 1979, 1988) which indicate an increase
in the average farm size (from 11.8 ha to 182 ha in
1979 and 26 ha in 1988). Twenty to fifty ha farms
(none was larger in 1979) occupied 75% of the land
in 1979. This was an increase from 50% in 1970.
There has been a linear increase in the stocking rate,
from 1.05 cattle unit per ha of fodder production in
1955 to 1.70 in 1979, this figure did not change
thereafter. Maize produced for silage appeared in
the late 60’ s and occupied 9% of the areain 1979.



The trend of intensification is also shown by the
ploughing of permanent grassland (38% of farm-
land to 1979 and 17% in 1988); it led to an increase
in field size to alow machinery movement. This
was accomplished by removing hedgerows.

In 1985 the totd hedgerow length in the munici-
pality was 250 km (161.5 m/ha). This amount is
above the average for eastern Brittany (100 to 125
m/ha).

Method

Landscape descriptors were chosen according to
their  known relationships with ecologica  processes.
They were:

hedgerow length (LEN)

connectedness. number of connections among
hedgerows (CON). Depending on the type of inter-
section, the number of interconnected hedgerows
varies. In a T intersections there are 6 connections
(each hedgerow is connected with the other two), in
a L intersection there are only two connections.

number of ‘no-connections’ (COO), when the
end of a hedgerow is not connected to any
hedgerow.

number of connections with hedgerows aong
lanes (CLA)

grain size heterogeneity (HT);

Sampling method

The area was divided into 16 ha square quadrats.
This size was chosen because it was the average
farm size. The 1985 landscape map was made by
a field survey prior to a reallotment program
(CERESA 1985). Data for 1952, 1961 and 1972
were collected from air photos (Institut Géogra-
phique National, scale ~ 1/30,000). The measures
were made by hand.

Using the 1985 data we selected a sample of 26
contiguous 16 ha quadrats as representative of the
whole territory. All the analyses are based upon
data collected for this area at the four periods of
time (Fig. 1).

Grain size heterogeneity was measured on per-
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pendicular transects of 100 m. Grain size was the
distance (Di) between two hedgerows on the tran-
sect; Distances were aggregated into classes DCj,
with Pj being the frequency of a given class, then

HT = -=ZPjInPj

We used five classes of distance (O-30 m, 30-60,
60-120, 120-225, >225). (see Baudry and Burel
1985 for details).

Data analysis

Data from the 26 quadrats and 4 periods (104 units)
were analyzed with correspondence analysis (Ben-
zecri 1973, 1984), followed by a cluster andysis on
the scores of the first 3 axes (Jambu and Lebeaux
1978). We used programs of the ADDAD library
(Lebeaux 1985) to do this.

Correspondence analysis (CA) is a convenient
tool because it does not require any specific data
distribution and/or relationships between varia
bles. Generaly, the output is efficient for gradient
analysis (Austin 1985; Balent et al. 1988).

We first coded the variables into classes to run a
multiple correspondence analysis, which alows a
better understanding of the structure of the fac-
torial space (Lebart et al. 1977), especialy when
relationships between variables are not linear
(Gower 1987). Furthermore this gives each sample
and each variable the same weight in the analysis.
Coding was done according to the frequency digtri-
bution of the variables. Each variable was coded
into four classes, having approximately the same
number of quadrats.

Five variables (length of hedgerow, heterogenei- ~
ty, number of connections, number of connections
with lanes, number of no- connections) were used
as active variables.

Aggregated quadrats were used as  Supplementary
glements (i.e. they do not affect the structure of the
factoria space, but are mapped in it). In correspon-
dence andyss an aggregate of elementary eements
has a profile equal to the sum of the profiles of
elementary elements (Benzecri 1984). The aggregate
is mapped at the center of mass of the elementary
quadrats in the factoria space. This means that the
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Fig. 1. Hedgerow network of the sampled area in 1985.

aggregate is seen at the resolution scale of the ele-
mentary quadrats and not a its own scae, as when
it is described by the mean vaue of the variables of
the elementary quadrats. The value of COS? of the
angle formed by one axis and the line between the
point and the center of mass of the factorial space
gives the importance of the link between this axis
and the point. A high COS? means that the point is
closed to the axis. This technique was aso used to
test the representativity of the sample for the whole
1985 landscape. The entire area was studied with
quadrats. When these were added as supplementary

elements in the analysis, their center of mass was
very close to the sample center.

Results

Global changes

Many changes occurred between 1952 and 1985
(Table 1), total hedgerow length of the 416 ha

sample area decreased from 96 km to about 62 km,
connectedness went from 4166 connections to 1768,



201

Table 1. Globa changes of the descriptors values between 1952 and 1985.

id LEN (m) CLA HT CON NCO
1952

total 96030 319 3432 4166 142

mean 3693.6 12.27 132 160.23 5.46

std 630.93 7.02 6.39 47.10 4.81
1961

total 89300 250 3439 3218 151

mean 3434.62 9.62 132.27 123.77 5.81

std 665.70 5.89 6.53 48.39 4.22
1972

total 69300 202 3680 2276 204

mean 2665.38 7.77 141.54 87.54 7.85

std 669.74 5.41 8.70 42.42 4.63
1985 (sample)

total 61850 193 3817 1768 209

mean 2378.85 7.42 146.81 68 8.04

std 786.66 4.67 6.10 36.09 4.99
1985 (total)

total 195300 573 12163 4938 571

mean 2325 6.82 144.80 58.79 6.80

std 688.87 4.49 8.86 31.01 4.24

connections with lanes dropped from 3 19 to 193
and the average quadrat heterogeneity increased. It
should be noted that some increase in hedgerow
length occurred in a few quadrats. Hedgerows were
removed to enlarge roads, but afterward, shrubs
and trees were allowed to grow again.

Results of the analysis of the structural gradient

The plan of CA formed by axes 1 and 2 explains
33% of the total variance. Axis 1 was determined
on the negative end by LEN4 (> 3600 m hedg-
erow/quadrat), CLA4 (> 12 connections with
hedgerow lane), and CON4 (> 160 connections
among hedgerows); on the positive end important
variables are LEN1 (< 2400 m hedgerow/quadrat)
and HT4 (grain size heterogeneity < 14). The fact
that neither low connectedness nor connections
with lanes have a significant contribution to the
positive end of axis 1 emphasize the poor correla
tion among variables. Along this axis, quadrats
vay from a dense hedgerow network with lanes to

a landscape with few hedgerows around fields of
heterogeneous  Size (see examples Fig. 5).
Connectedness (variables CON1 -4) contributes
to 41 % of the variance of axis 2. This measure con-
trasts highly connected dense hedgerow networks
with networks with intermediate number of connec-
tions. Along this axis the progressive enlargement
of fields lead to some non-connected hedgerows. In
fact there are various pathways for change between
a dense network and a very open one. At interme-
diate steps along the gradient there are many poss-
bilities for heterogeneity or connectedness. This
appears when quadrats and variables are ranked
according to their score on the first axis; thereis a
relative homogeneity of structure at both ends, but
in the center, classes of value are mixed. For exam-
ple G9—-1952 and F8—1961 have both 3400 m of
hedgerows, but connectedness for the first is 154
and 104 for the second, HT vaues are 134 and 128.
Axis 3 does not explain a significant part of the
global variance (tested according to Lebart et al.
1977), yet, it was used for the cluster analysis to
keep the information it contains for some quadrats.
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Table2. Landscape diversity and mean quadrat heterogeneity at
the four periods.

Y ear Distance of quadrats to the Mean quadrat
center of mass of the year heterogeneity
mean std HT

1952 861 301 132

1961 895 312 132

1972 708 436 141

1985 621 337 147

Landscape diversity at each period

On the plan of CA the quadrats were not grouped
by periods, at each period there is a large diversity
of dtuions Studtions exiding in 1952 can ill be
found in 1985, A way to as=s landscgpe divarsty
for a gven yea, is to compute the mesn Eudideen
distance between each quadrat and the center of
mess of the year on the fedorid plan. The more the
quadrats ae atered, the more they ae diffeat,
and the highe is the landscgpe diversty. This over-
al landscape diversity can be compared with the
quadrat haterogendity, which is a messure of dve-
sity at a different scale. Table 2 shows that land-
scape diversity was almost the same in 1952 and
1961, then dedined. This meas tha the landscgpe
quadrats tended to be more similar. In the mean-
time quadrat heterogeneity increased, field size
within quadrats becoming more dissimilar.

Table 3. Characteristics of the classes yielded by the cluster anaysis.

Cluster analysis

The cluster analysis split the 104 quadrats into 6
classes-. The mean value of each descriptor, by
dasss is gven in Tdde 3. Cdls in desss 1,2,3 have
a lov hedggow legth, they dffer by ther heteo-
geneity (high for 1 & 2) and their connectedness
(specialy low for 3). Cellsin classes 5 & 6 have a
long hedgerow length, a low heterogeneity and a
high connectedness (specialy 6). Class 4 is inter-
mediate between 1,2,3 and 35,6.

The dexiptors do nat vay in the same way be
twen dases they gve dffeet inffomdion. The
same length of hedgerow can be associated with
dffeet vdues of hdeogedty o  connedtedness
indcaing a dffeat eid arangemet o hedge
rows. Maps of the distributions of quadrats into
classes at the four periods are given in Fig. 2.
Globaly there has been a shift from classes 5,6
toward classes 1,2,3. But rates of changes of
in dividua quadrats are not monotonous nor do
they occur at the same time. This is consistent
with the distribution of quadrats in the factorial
space.

Trajectories of changes

To desyibe ad undedand changes it is important
to find out if trgjectories of changes can be classi-
fied into types, and to look at differences between
types Clasdficdion wes done by a dude awdyss

class LEN (m) CLA HT CON NCO
mean 2187.50 317 147.08 71.67 7.08
std 423.80 333 7.66 21.52 2.71
2 mean 1946.67 5.80 147.93 55.60 8.73
std 527.28 2.46 9.03 2351 498
3 mean 2400 713 143.88 41 6
std 504.98 3.04 4.29 1251 1.85
4 mean 2875 6.35 138.50 84.60 5.85
std 336.98 4.46 584 21.55 3.05
5 mean 3459.66 10.52 133.24 128.69 8
std 318.35 392 7.24 24.84 6.16
6 mean 4200 17.50 129.95 195.50 4.65
std 379.75 487 4.03 20.71 4.69
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Fig. 2. Maps of the quadrats a the 4 periods, according to the cluster andysis (see Table 3 for the characteristics of classes).

where each quadrat was characterized by its fac-

toid soores on the two fird axes for the four sam+

pled years. This gave four types of quadrats with
"different average characteristics (Fig. 3).

Type 1 is composed of 5 quadrats having con-
stantly the highest hedgerow length (mean length:
4460 m in 1952 and 3360 in 1985), as opposed to
type 4 (9 quadrats), with a low hedgerow length
(3155 m in 1952 and 1778 in 1985). Types 2 ad 3
(6 quadrats esch) ae intemedide The petens ae
smila for heterogenaty, but not for connectedness
nor for no-connections. If in 1952 type 4 had the
lowest connedtedhness (120), in 1985 it is type 2 that
have the lowes (42, 57 far goup 4). This is because
not only do the types differ by the average starting
and ending points, but aso by the rates of change.
For most of the variables, type 2 changed faster
then ay aher (Fg 3. Type 1 ramaned dmog un
dapgad bawen 1952 ad 1961, as dd type 3 be
tween 1972 and 1985. In 1952 ad 1961, type 1 ad
4 hed the same number of no-comedions a dive-
gence took place afterward, so that in 1985 type 1
is dmilar to type 3 and type 4 to type 2. On the aver-
age, in 1952 type 2 was very similar to type 1, in
1985 it was similar to type 4. Quadrats in type 2
are fast changing ones and traverse almost the en-
tire fectorid space This implies that the knowiedge
of the characteristics of a type at any given time
gives no information on its future behavior. One

example of each type of trgectory is given on
FHg 4

The mapping of types (Fg. 5 shows thet there is
some spatial auto-correlation, quadrats of types 3
and 4 are more abundant in the south, and type 1
in the north. This will be dsoussd lae in the dudy
o geogghic  zones

Rate of changes

The rate of change of one quadrat is measured by
the distance of its positions between two periods
divided by the time lag (Smith and Urban 1988).
These rates have been computed for dl quadrats for
the three time intervals (1952— 1961, 1961- 1972,
1972-1985). The memn rde of change is maximum
between 1961 and 1972 (156 score units/annum)
and practically the same for the two other periods
(about 50 score unitsfannum). During the 60’s the
Fexch govenmat gave sbddes to remove hadge
rows ta speed up the modernization of agriculture,
this may explain the higher rates. Data on rates
of changes are supported by the cluster analysis
(Fig. 3): in 1961 there were only 3 quadrats in
classes I-3 (low hedgerow length), while 16 qua-
drats were in classes 5-6 (high hedgerow length),
in 1972 13 quadrats werein classes 1 — 3 and 5in
classes 5-6.
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Fig. 3a. Average characteristics of the 4 types of trgjectories of changes of quadrats between 1952 and 1985.

Predictability of changes

Predictability of a phenomenon is requisite to build
ad ue modds of dange The realts show thet the
landscape is not changing as a whole; individual
quadrats have their own behavior. We tested the
predictability of chages in two ways fird by com
paing the rdaionships bewen soores on the fird
axis at the different periods (correlations among
sores), and soond, by the probablity of a quadrat
in a given class being in ancther at the next sam-
pling period (test on a contingency table). None
e ay podtive resdt. We oconduded thet change

carat be predcted from the knowledge of curet
dae of a quadrat done Thadae we changed the
level of investigation.

Patterns of changes at other scales

To evaluate the effect of the position of the quad-
ras in geoggohic geece they weae apgeded into
five zones: North, Center, South, Village, Large
farm. The first three zones are coherent with the
geomarphologicd  dripes of the areg, the others ae
dgeamined by a gedfic type of humen oocupetion:
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Fig. 4. Example of trgectories of quadrats of the various types.
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Trajectory group 1

Trajectory group 2

Trajectory group 3

Trajectory group 4

Fig. 5. Map of the various types of trgectories of changes.

a village with a few smdl fams and an area used by
large farms. The trgjectories of the quadrats of the
last two groups have been identified as being very
different; the geomorphological stripes encompass
quadrats with various trgjectories. Trajectories of
these zones are illustrated on Fig. 6. The maximum
rate of changes was between 1961 and 1972 (about
100 score units/annum for all groups), except for
the large farm area (12 score units/annuum). This
latter area seems to behave more at its own scale
and not under pressure of the administration and
subsidies. For example it changed a lot after 1972
(113 score unit/annuum), probably due to the in-
troduction of silage maize.

The relative autonomy of each geographic zone
can be seen on Fig. 7, which represents the distance
between the center of mass of a geographic zone
and the center of mass of the whole landscape on
the factorial map (I-2) for each period. The vil-
lage area is adways different; the large fam area be
come similar in 1972, after every quadrat changed
elsewhere, then it is different. The south and the
north areas tend to become similar to the whole
landscape while the center seems to behave ran-
domly.

When we look higher in the spatid hierarchy, we
see that each zone damps the changes of its in-
dividual quadrats. Overdl, the whole landscape
changed less than the fastest of its quadrats because
it dill has internal diversity. The rates of change for
the three time intervals (21, 101, 18 score unit/an-
nuum) are even lower than the averages rates of
change of the individual quadrats (51, 156, 50). It
also appears that at higher scales trgjectories tend
to follow axis 1 only (Fig. 6), as if length of hedge-
row and connectedness were the only important
variables. Cos? of the aggregates are never high
with axis 2, except in the south in 1961.

Discussion

The main goal of this study was to find a method
to describe and to understand changes occurring in
an agricultural landscape, using spatia variables
related to ecological processes. Changes were
known to be important, but apart from hedgerow
length, variation of descriptor values over time, as
well as the rates of change, was unclear.

The structurd gradient yielded by the correspon-
dence analysis is more complex than a mere de-
crease of hedgerow length. Grain size heterogeneity
and connectedness are also important variables. In
fact, they have similar part in the variance of the
first axis (20—30%). But they are not correlated;
there are various possible spatial arrangements for
a given length of hedgerow. So, it is necessary to use
them simultaneously to describe the landscape. In
the Lalleu area grain size heterogeneity was ill
high in 1985. If hedgerow remova continues, grain
§ze heterogeneity should decresse with large fidlds
becoming dominant as found by Baudry (1985) in
another municipality of Brittany. The number of
no-connections is a less important variable (in term
of structural differentiation); it contributes only
10% of the inertia of the first axis. Unconnected
hedgerows are generally ephemeral elements in a
landscape, Notteghem (1986) noticed that they are
the first to be removed. The ecological conse-
guences of losing unconnected hedgerows are
unknown. The consequences of other changes are
more easy to envision. Loss of habitat and fewer
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Fig. 6. Dynamic of the spatid hierarchy in the factorid plan I-2: a the first level are individud quadrats (for the sake of clarity, only
quadrats of the southern zone are represented, al quadrats are on Fig. 2); a the second level geographic zones are mapped, trgjectories
of the village (v), of the south () and the large farms area (f) are represented; at the third level is the trgectory of the whole landscape.

DISTANCE OF GEOGRAPHICAL ZONES TO THE BARYCENFER
A OF THE YEAR IN THE FACTORIAL FLAN

-
- .

1952 1961 1972 1985 YEAR

Fig. 7. Varaion of the distances between the centers of mass of the geographic zones and the center of mass of the whole landscape
for each year between 1952 and 1985. This distance measures the dissimilarity between the geographical units and the whole landscape.
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routes for movement or colonization are the expect-
ed effects of diminishing hedgerow length and con-
nectedness. Increasing field size and heterogeneity
created new habitats for open field species. The
balance in terms of species richness needs to be
assessed, as well as the effects of the trgectories of
changes on species living in  hedgerows.

Changes occurring in the rurd landscape depend
on the overdl change of agricultura systems, such
as mechanization, and increase of farm size, and
also on local conditions, such as the contrast be-
tween landscapes of large farms and those around
villages. Ownership patterns are important driving
forces of landscape dynamics, as evidenced by the
dramatic changes occurring after reallotment pro-
grams. Reallotment programs and the effects of
subsidies for hedgerow removal exemplify the im-
pact of agricultural policies on landscapes. The lack
of environmental input in such policies has been
largely responsible for the deterioration of the rural
environment.

Because of the many factors driving agricultur-
al landscape dynamics, trajectories and rates of
changes vary in both space and time. There is a fun-
damental differences between agricultura and
natural landscapes: the shifting mosaic assumed in
the models of the latter (Shugart 1984; Smith and
Urban 1988) does not exist in the former. In the
rurd landscape changes are not cyclic. For this rea
son, we cannot expect any kind of equilibrium at
the global landscape level, nor cyclic behavior of
the individual quadrats. This complexity is aso
reflected in the lack of predictability of changes.

The hierarchical approach (Allen and Starr 1982
Urban et al. 1987) was useful to understand these
changes. By observing change at higher spatia
levels, that is, the levels at which the rural society
is operating, effects of human constraints ap-
peared. We observed results similar to Smith and
Urban (1988) using simulated data on forest stands,
that rates of change at higher level are slower than
the average change a a fine scale, seen a the same
time scale. In agricultural landscapes too, differ-
ences in rates of change at different levels, means
possible differences in change of ecological pro-
cesses operdting a  different  scales.

In addition, we have shown that fewer variables

discriminate landscape structures a  higher levels of
scale, though they are studied a the resolution scae
of the finest levels. The heterogeneous dynamic of
individua quadrats leads to a fragmentation of fine
grain species habitat  (ground insects, plants), which
means isolation of population in slow changing
quadrats and extinction in fast changing ones. Spe-
cies operating at the global landscape level such as
birds of prey may see more gradud changes, O ex-
tinction may be dower, but once it occurs, there is
no locad source for recolonization. These details are
important for the assessment of the ecological con-
sequences of landscape changes.

Regarding the weight of the different variables a
different levels, from an ecologica standpoint it is
a plausible hypothesis that species using several
hundred hectares are not as sensitive to connected-
ness (axis 2) as are species using only a few hundred
meters of hedgerows.

Beyond this case study, remains the problem of
modeling landscape changes. Obvioudly changes
are only predictable when both environmenta,
technical and socio-economical factors are taken
into account. Indeed, this requires a complex
model, even at the conceptual stage (Baudry et al.
1988) and data collection in several landscapes to
understand the past and current trends. The impact
of agricultural policies is of overriding importance
(Golley and Golley 1983, Mowle and Bel 1988) but
is particularly difficult to assess because of the
mediation of farmers operating within a given cul-
tura, technical and environmental context. In the
cae of the hedgerow network landscape the aware-
ness of the public and of farmers to their ecologica
and aesthetic values is an opportunity to implement
environmental congtraints in planning and manage-
ment . This can only be done by a better understand-
ing of uncondrained landscape dynamics. Recogni-
tion of the central role of landscape structure on
environmental quality by landscape ecology helps
to give advice in landscape design (Baudry and
Burel 1984). Studies like the one presented here al-
low the measurement and comparison of overall
landscape characteristics. Furthermore, they are at
the scale in which planners act. The goal is then, not
to mantan a dense hedgerow network everywhere,
but rather to change it according to agricultural



practices and ecological functioning. In this way,
we might propose plans with less hedgerows, but
higher connectedness to control or enhance fluxes
in the landscape.
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