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Abstract — Agricultural changes such as intensification and specialization are thought to be the major source of the severe decline of farmland
bird populations observed on large spatial scales and over long time spans in Europe. We studied farmers’ practices at a local level on 22 farms
from the Beauce area, France, with regard to habitat preferences of grey partridge, Perdix perdix L. We focused on the study of vegetation cover
because it influences grey partridge’s reproduction and survival. The results revealed a high diversity of vegetation cover over the municipal
territory. This high diversity can be explained by (1) the difference in the crops cultivated by the farmers, only wheat being cultivated by all the
farmers; (2) the diversity of elementary crop sequences implemented, as many as 51 having been identified; and (3) the field size, which varies
from 0.5 ha to 57 ha, with 54% of fields smaller than 10 ha. Altogether, this potentially creates six different habitat types, 32% of the arable
land surveyed being a likely suitable habitat for the grey partridge. We found that irrigation was the main driving factor of vegetation cover
diversity. Indeed irrigation controls the farms’ crop acreage, the crop sequences and their spatial pattern and field size. Nonetheless, irrigation
practices show both positive, e.g. crop diversity, and negative aspects, e.g. large fields and clutch failure, for ground-nesting birds such as the
grey partridge. Based on these results, a GIS modeling of the municipal landscape related to grey partridge’s habitat requirements is possible
and would allow a deeper analysis of the impact of crop diversity on grey partridge populations.

cash crop ecosystems / crop sequences / farmland bird biodiversity / grey partridge / technical farm management

1. INTRODUCTION changes in crop management, watering practices (Birkan et al.,

1990), increase in field size, etc. (Benton et al., 2003; Baudry
A number of birds and other wildlife species inhabiting  and Papy, 2001).

farmland have suffered severe declines in Europe, both in
range extent and population size, caused by habitat contrac- . i X
tion or fragmentation and/or decrease in habitat quality during tensive farming practices th,at have de'creased the overa}ll land-
the last few decades (e.g. Rocamora et al., 1999; Robinson ~ SCaP€ heterogeneity, intensively cultlyated farrpland is 01"ten
and Sutherland, 2002; BirdLife International, 2004). Histori- seﬁen as alhomogeneolus lalndscakllpe. This p ercept}ot? CELH be jus-
cal and geographical datasets support that overall agricultural U ; led gn arge Sp?ltla scales when (ciompared’ “ﬁlt Ft er type(sl
intensification (increase in chemical inputs and energy per ~ O' '4ncscape, Such as bocage” landscapes highly fragmente

unit of area) and specialization driven by technical progress by hedgerow's. However, on a local scale, open-field land-
(chemical input, mechanization, etc.) and policy (e.g. Euro-  SCaPES also display heterogeneity due to the crops themselves

pean Common Agricultural Policy, CAP) have been respon- and their management. This kind of heterogeneity is also im-
sible for this decline (e.g. Chamberlain et al., 2000; Benton portant to consider (e.g. Panek, 2002). In these kinds of land-

et al., 2002; Newton, 2004). Mechanisms by which modern ~ SCaP€S farmers create heterogeneity by sowing different crops
and by spatiotemporally organizing them over their fields. Ac-

cording to the crops sown, the vegetation height is more or
food abundance, loss of suitable nesting habitat, indirect in- less high, the inter-row width varies, the period with bare soil

crease in predation, etc. (e.g. Anderson et al., 2001). These are is more or less long, etc. The crop location in the landscape de-

related to pesticide use (Rands, 1985; Serre and Birkan, 1985), termines the size Of patches with homog,en"‘?s S.Oil and vegeta-
tion states. More widely, the heterogeneity within cropland has

* Corresponding author: joannon@rennes.inra.fr an impact on the overall environmental quality of agricultural

Since the loss of farmland biodiversity is attributed to in-

farming affects wildlife populations are diverse and are likely
to vary among species, including direct mortality, decrease in
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Photo 1. The grey partridge, Perdix perdix L., is a typical farmland
species and a culturally important gamebird in Europe. ©Baudoux B.

landscapes, as shown by Benton et al. (2003) concerning the
overall biodiversity; by Joannon et al. (2006) concerning the
soil surface runoff on loamy soils; by Beaujouan et al. (2001)
concerning the water quality in streams, etc. However, little is
known about this kind of heterogeneity and about what drives
it. To assess cropland heterogeneity and the diversity of prac-
tices driving it, along with the factors explaining this diversity,
itis necessary to perform an in-depth analysis at the farm level.
Indeed, farmers’ practices that can impact cropland hetero-
geneity are not only dependent on the socio-economic context,
but also on the characteristics of the farm’s production means,
namely the land, machinery and labor force, and their techni-
cal management by farmers; that is to say, the way a farmer
allocates them to the different units (cash crops, pasture, dairy
cows, etc.) of his farm operation (Papy, 2001; Aubry et al.,
1998; Thenail and Baudry, 2004). The present study used this
level of analysis as a focal point with the primary objective
of supporting the design of landscapes that would sustain a
greater farmland bird diversity.

To explore this issue the grey partridge, Perdix perdix L.,
a typical farmland species and a culturally important game-
bird in Europe, has been chosen as a case study for four main
reasons. (1) It is of particular concern since it has suffered a re-
duction in range and abundance over recent decades (BirdLife
International, 2004; Hagemeijer and Blair, 1997). As a result,
the species has become an important management issue. (2) In
France, as in other countries in Europe, the overall long-term
decline (Bro et al., 2005; Reitz, 2003) has been attributed to
habitat modifications through farm specialization and intensi-
fication. Habitat modifications in particular have had a nega-
tive impact on grey partridge breeding. The choice of nesting
sites (first attempt: field margins of small grain cereal crops, to
a lesser extent grassy roadsides and hedges; replacement nest-
ing: other crops such as sugar beets or peas: Bro et al., 2000a;
Reitz et al., 2002) and causes of clutch failure, among which
are machinery and irrigation (Bro et al., 2000b, Birkan et al.,
1990) are well documented in France. More broadly, increas-
ing crop diversity in the landscape is likely to increase grey

partridge spring density, even if thresholds are not yet well
known (Meynier, 2004). (3) Following these results guide-
lines were proposed, but they have been little applied. The
proposed measures aim at dividing large fields of cereals to
increase cereal edges that are suitable for nesting sites. This
can be achieved through set-aside (for instance, with strips
of grass or maize-sorghum mixture) or by spatially alternat-
ing crops (in particular, winter cereals and spring crops such
as sugar beets, potatoes, etc.). (4) We also chose to study the
grey partridge because other bird species, such as the com-
mon quail (Coturnix coturnix L.) or the skylark (Alauda ar-
venis L.), may benefit from research undertaken for the grey
partridge since they present some similarities with regard to
reproductive ecology (Barbier, 2001; Guyomarc’h, 2003).

Therefore, the aim of this study was firstly to identify which
kind of vegetation cover diversity can be found in cultivated
fields over the year and across space regarding grey partridge’s
habitat requirements. Secondly, the objective was also to iden-
tify the factors and decision rules at the farm level explain-
ing this diversity over the year, which could help to create
more heterogeneous landscapes without changing farms’ pro-
duction strategies or decreasing farmland area or crop yields.
We carried out the analyses in the Beauce area in the center of
France, an intensive cash crop area representative of the grey
partridge’s habitat.

2. MATERIALS AND METHODS

To address these two questions a farm survey was carried
out. We conducted farmer interviews over the farm territory
(the whole area managed by the farmer) on crop management
practices that could modify the suitability of the landscape
for the grey partridge. Crop diversity and field size have been
identified as the main factors to consider. For a given crop,
the diversity of vegetation cover due to differences in sowing
date or irrigation intensity does not significantly change the
suitability of the crop for grey partridge nesting and protection
needs. Indeed, in the surveyed municipality all the farmers ap-
ply relatively intensive management to the crops. That is why
our interviews focused on the following practices:

(1) Farm’s crop acreage: the diversity of crops cultivated by
a farmer is the first factor that influences the crop patchwork
over the farm territory: the more numerous the crops are, the
more potentially heterogeneous the landscape. We focused
on the technical factors that explain the choices of cultivated
crops by farmers.

(2) Crop sequences: farmers organize the different crops they
cultivate over the years in the fields of the farm, without nec-
essarily designing strict rotations. They rather design flexible
crop sequence patterns that they repeat periodically in order to
avoid yield reductions due to decreases in soil nutrients, pest
infestation, etc. (Magdoft and van Es, 2000; Dogliotti et al.,
2003). Crop sequence decision rules were identified from the
interviews, not from the analysis of past crop sequences.

(3) Spatial pattern of crop sequences over the farm territory:
given the heterogeneity of field characteristics of a farm, crop
successions can vary from field to field. Indeed, some fields
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can be more suitable for certain crops, and other fields for
other crops, leading farmers to adapt their crop sequences to
the field characteristics (Morlon and Benoit, 1990).

(4) Size of cultivated fields: in cash crop areas of France, agri-
cultural land has often been consolidated to create large blocks
of land; this part of the interview focused on the reasons why
farmers divide these blocks into several fields to which differ-
ent crops are allocated. From year to year, the division of one
block can be different.

Regarding all these points, we interviewed farmers to iden-
tify the diversity of their practices and the technical factors of
their choices. To analyze farmers’ decisions about crop loca-
tion and crop sequences (points 2 and 3 of the interview) we
mobilized a methodology set up by Maxime et al. (1995) that
has already been implemented to analyze crop spatial pattern-
ing related to natural resource management (Joannon et al.,
2006).

Lastly, we characterized crop sequence diversity accord-
ing to the grey partridge’s habitat requirements. We classified
them into six classes based on:

— the percentage of small grain cereals in the crop sequences
(3 modalities): (1) 50%; (2) more than 67%; (3) variable.
We postulate that a percentage of 50% would be a good
compromise since having small grain cereals creates habi-
tat for nesting, but having more than 50% of them would
homogenize the landscape, which would decrease the pos-
sibilities of protection against predators over the year.

— the number of different crops other than small grain cereals
(2 modalities): (1) less than two; (2) three or more. Having
more than three crops in the sequence potentially increases
the diversity of vegetation cover in fields and so increases
the ground cover over the year, especially when small grain
cereals are harvested.

We focused on a single municipality in order to have a similar
overall environment for all the farms studied in terms of socio-
economic context, recent history of farming systems (shift to-
wards irrigation over the last 30 years), past land consolida-
tion plans (two plans during the last 50 years) and geomorpho-
logic characteristics (north of the Beauce groundwater body).
Fresnay-I'Evéque was selected because it has a diversity of
soil with regard to soil water storage and stoniness, which we
hypothesized to be main constraints of crop location (identi-
fied from local data and experts). Poor soils (high stoniness
and low soil water storage) are scattered all over the munic-
ipality, but different proportions of them have been found in
the surveyed farms. Fresnay-1'Evéque is located in the south-
eastern part of Eure-et-Loir department (longitude 1°50” - lat-
itude 48°16°) (Fig. 1). Its area is 2926 ha; 86% is agricul-
tural land (2516 ha) and the agricultural land is almost only
arable land; 80% is irrigable (SCEES, 2000). Out of a total
of 40 farmers, 22 were interviewed. A total of 16 farmers had
their farmstead in the municipality and six were outside the
municipality. The interviews covered 85% of the arable land
of the municipality and 202 fields (2005 crop pattern), which
provided data about farm characteristics and farmers’ practices
across an almost continuous agricultural landscape.
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; . \"1:' \-\
“*4:,Rennes .- Chartres |
K3 s . g
% )
% X ¢
! %, 2o, A
<:_ /»_»,J S Fresnay-IEvéque

Figure 1. Location of the municipality studied.

3. RESULTS AND DISCUSSION

The surveyed farms were very diverse in size, varying from
30 ha to 236 ha. The average farm size was 144 ha. Except
for one 30-ha farm, all farms exceeded 100 ha. In all farms at
least 70% of the total arable land was irrigable, and for 55% of
the farms 100% of arable land was irrigable. This results sec-
tion first presents the diversity of cultivated crops and of crop
sequences at the farm level; then the diversity of the spatial
patterns of crop sequences and the design of fields; and lastly,
the resulting diversity of the grey partridge habitat.

3.1. Vegetation cover diversity resulting from crops
and crop sequence diversity

3.1.1. Farms’ crop acreage

A total of 14 different annual crops was found in the 22
surveyed farms (Tab. I):

— Small grain cereals represented 50 to 70% of the farm
acreage; while winter wheat (Triticum aestivum L.) was
cultivated on all farms (25-60% of the farm acreage),
spring wheat was cultivated on 45% of the farms, spring
barley (Hordeum vulgaris L.) on 70% of the farms and
winter barley (Hordeum vulgaris L.) on only one farm.

— Special crops — potatoes (Solanum tuberosum L.), onion
(Allium cepa L.), flageolet and green beans (Phaseolus vul-
garis L.), green peas (Pisum sativum L. subsp. sativum
var. sativum), aromatic crops cultivated on demand for a
market gardener (e.g. mint (Mentha verticillata L.), co-
riander (Coriandrum sativum L.), parsley (Petroselinum
sativium L.) etc.), red beet (Beta vulgaris L. subsp. Vul-
garis, Conditiva Group) and seed plants), peas (Pisum
sativum L. subsp. sativum var. arvense) and corn (Zea
mays L.) were present on 80% of the farms and represented
on each farm from 5% to 30% of the farm acreage.

— Two crops were cultivated on around 40% of the farms:
sugar beet (Beta vulgaris L. subsp. vulgaris (Altissima
Group)) on 5 to 25% of the crop acreage, and oilseed rape
(Brassica napus L.) on 10 to 25%.

There were three main factors mentioned by farmers to explain
this diversity of farms’ crop acreage:

— The characteristics of fields of the farm territory: soil
stoniness, field size and irrigation water availability. These
characteristics will be explained in greater detail below.
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Table I. Crop acreage of the 22 surveyed farms.

Spring crops

Special crops Peas Corn Sugar beet
Min. Share** 5% 5% 5% 5%
Max. Share** 30% 20% 25% 25%
% of farms*** 80% 85% 80% 40%

Winter crops*

Spring barley Spring Wheat Winter Wheat Oilseed rape
5% 5% 25% 10%
25% 25% 60% 25%
70% 45% 100% 40%

* Winter barley is not mentioned in the table since it is cultivated on only one farm. It represents 7% of the crop acreage of that farm.
** For each crop the minimum and maximum shares are those observed among the farms actually cultivating the crop.
*#% For each crop it is the percentage of farms actually cultivating the crop among the whole surveyed farms.

— The equipment and labor force available to irrigate crops.
Whether a crop is irrigated or not depends on the num-
ber of workers on the farm, the flow of the well pump and
the number of irrigation devices. On the other hand, crops
are more or less water-demanding: spring small grain ce-
reals are the least water-demanding crops, whereas corn
and special crops are the highest water-demanding crops.
So farmers divide spring acreage between high water-
demanding crops, low water-demanding and non-irrigated
crops according to their irrigation capability.

— Quotas and contracts: quotas determined the area of sugar
beet, and contracts with food processing companies deter-
mined the area of potatoes and other vegetables. Only three
farmers among the thirteen farmers cultivating vegetables
sold their produce without any contract.

As shown previously by Vavra and Colman (2003), our results
show that the profitability of crops is not the only factor that
farmers take into account when choosing which crops to culti-
vate.

Besides crops, arable land is also covered by set-aside,
which is a percentage of arable land that farmers must not
cultivate with commercial food crops according to the EU
Common Agricultural Policy. However, they have to take care
of the set-aside land and cannot leave it as bare soil. There
were two types of set-aside: grassy set-aside (mainly rye grass
(Lolium perenne L.)), either permanent or rotational; and cul-
tivated set-aside, mainly oilseed rape for bio-fuel. Some per-
manent set-aside was located on small and very stony fields.
Another part was used to create pathways between fields or
grassy headlands, in order to facilitate the movement of irri-
gation equipment and to decrease their hindrance to tractor
traffic in the irrigated fields. Rotational set-aside was mainly
located on headlands of irrigated crops, because these parts
of the fields could not be irrigated in a homogeneous way.
Moreover, with grassy headlands, farmers more easily avoided
wetting the road.

3.1.2. Crop sequences

On a farm, farmers organized the crops cultivated in fields
over the years. Farmers did not design regular rotations that
they repeated over the years, but patterns of crop sequences.
These patterns are based on three elementary rules of crop
succession. First there are the potential preceding crops, i.e.
the crops after which a given crop can be sown. Second, there

is a minimum waiting period which corresponds to the number
of years between the cultivation of the same crop in the same
field. Lastly, these rules determine the maximum number of
consecutive years of the same crop in the same field. The rules
reported in Table II are the ones given by the farmers during
their interviews and do not correspond to agronomic standards.
According to the data collected during the interviews, four dif-
ferent types of crops can be defined:

— Type 1: small grain cereals with many potential preced-
ing crops, and a short minimum waiting period; moreover,
these crops can be cultivated for several consecutive years
on the same field. Among them, wheat is the most culti-
vated, and the rules applied by the farmers vary: 59% of
the farmers never reseed wheat after wheat on their whole
farm or part of it, while 59% do.

— Type 2: corn, rapeseed oil and aromatic plants with only
the small grain cereals as potential preceding crops, with a
minimum waiting period similar to type 1. Farmers do not
cultivate these crops for two or more consecutive years.

— Type 3: peas and sugar beet, which are similar to type 2
with the exception of the minimum waiting period, which
can be short or long. The variation between farmers is
linked to the trade-off between disease risk and potential
profit and also to the diversity of other crops that they
can cultivate in their fields. 30% of the farmers cultivat-
ing sugar beet apply a short minimum waiting period, and
52% of the farmers cultivating peas do the same for that
crop.

— Type 4: potatoes, onions, beans and other vegetables were
also similar to type 2 with the exception of the minimum
waiting period. For these crops the period was mostly very
long and often written in the contract with the food pro-
cessing company, if there was one. Only two farmers oc-
casionally repeat potatoes with a minimum waiting period
of four years. Since those farmers sell a part of their pro-
duction on the free market they do not have to comply with
food processing company contracts. Moreover, they are
both young and have recently invested in specific equip-
ment for potato production, so they try to increase the area
of potatoes they cultivate to get a quick return on their in-
vestment.

According to these rules, it was possible to define, for the
municipality farm set, a general model of elementary crop
sequences. The elementary sequences were all made of one
breaking crop (the crop starting the sequence and breaking the



Crop patterns and habitat preferences of the grey partridge farmland bird 383

Table II. Basic agronomic rules used by the interviewed farmers to design crop sequences.

Crop* Potential preceding crop** Minimum waiting period Maximum number of years Type of crop***
(years)** at the same location**
Wheat All except barley 2o0r3 1 more than 1 1
59% 59%
Spring barley All 2or3 lor2 Single crop 1
100% 7%
Corn Wheat / (Barley) 20r3 1 2
Rapeseed oil Wheat / (Barley) 2or3 1 2
Aromatic plant Wheat / (Barley) 20r3 1 2
Peas Wheat / (Barley) 3or4 5to7 1 3
52% 48%
Sugar beet Wheat / (Barley) 20r3 4t06 1 3
30% 70%
Potatoes Wheat / (Barley) 4 occasionally 5to7 1 4
13% 100%
Onions Wheat / (Barley) 5to7 1 4
Beans Wheat / (Barley) 5t07 1 4
Other vegetable Wheat / (Barley) 5to7 1 4

* Winter barley is not mentioned because it is farmed by only one farmer. He cultivates that crop as a single crop on reclaimed land.
** For each crop the main modalities of the three agronomic rules are given in the first row. If there are two main different modalities, the percentage
of farmers applying each of them is given in a second row. The addition of the two percentages can be over 100% since a farmer can apply the two

modalities on different parts of his farm.
*#%% The four types of crops or those described in Section 3.1.2.:

Type 1: many potential preceding crops / short minimum waiting period / repetition at the same location.

Type 2: few potential preceding crops / short minimum waiting period / no repetition at the same location.

Type 3: few potential preceding crops / short or long minimum waiting period / no repetition at the same location.
Type 4: few potential preceding crops / long minimum waiting period / no repetition at the same location.

small grain cereal series) followed by 1 to 5 small grain ce-
reals. The possible breaking crops were corn, peas, rapeseed,
sugar beet, aromatic plants and vegetables. In a field, elemen-
tary sequences were repeated so that minimum waiting periods
of crops would be respected. So, an elementary crop sequence
is different from a rotation pattern in that it allows more flexi-
bility when repeating it over the years in a field. Two examples
are detailed below:

(1) Elementary sequence: Peas — 3 or 4 small grain cereals
(SGC)
— a crop sequence could be: Peas - Wheat (Wh) - Spring
barley (Sb) - Sb - Peas - Wh - Wh -Sb

(2) Elementary sequence: Corn or Potatoes or Onions fol-
lowed by 1 to 3 SGC
— a crop sequence could be: Corn - Wh - Onions - Wh - Wh -
Potatoes - Wh - Sb

3.2. Vegetation cover diversity resulting from the
spatial pattern of crop sequences and fields

3.2.1. Spatial pattern of crop sequences

On a farm, two or three different elementary crop sequences
were usually found. They were spatially organized according
to three main constraining factors:

— The soil stoniness: in stony fields farmers did not culti-
vate potatoes and other vegetables; this factor was also

constraining, but in a lesser way, for peas (for 37% of the
farmers cultivating peas) and sugar beet (for 67% of the
farmers cultivating sugar beet);

— The irrigation: in non-irrigable fields, farmers did not cul-
tivate potatoes, vegetables, sugar beet or corn. On these
fields 55% of the farmers cultivating peas and farming non-
irrigable land did not cultivate that crop on non-irrigable
land. When spring barley is grown on irrigable land farm-
ers always irrigate it, but spring barley is also cultivated on
non-irrigable land by eight farmers.

— The size of the fields: in small fields (less than three
hectares) farmers did not cultivate potatoes and vegeta-
bles because of the size of the machines used for har-
vesting these crops. That was also imposed by the food
processing companies which usually harvest the vegeta-
bles themselves. Only 4 farmers mentioned that constraint.
This does not mean that only they have fields smaller than
three hectares, but that other farmers cultivating such small
fields either do not cultivate vegetables or harvest the veg-
etables themselves with their own machines.

An illustration of the on-farm spatial organization of crop se-
quences is given in Figure 2. Out of all the surveyed farms,
51 different elementary crop sequences were identified, due
to the diversity of breaking crops cultivated on farms and to
constraints of crop location.

So even if farmers are situated in a cash crop area with fluc-
tuating markets (e.g. contracts for the production of beans ap-
peared 15 years ago and had almost disappeared at the time
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Block of land* Area Irrigable Elementary crop sequence

Peas or Sugar beet or Corn or Potatoes -

A** 33.5ha Y
4T Wheat - (Spring barley) / usually 2 or 3
different fields in A and 6 in B / In stony
B#** 86.5ha Yes .
parts: no potatoes
C 35ha No Permanent set-aside
D 0.5ha No .
E i5ha  No Peas - Wheat - Wheat or Spring barley -
Spring barley
F 125ha No
G 9ha  No Winter barley as a single crop and
H** 11.5ha No permanent set-aside
I 9.5ha No Peas- Wheat - Wheat or Spring barley -

Spring barley

* All the blocks of land are within a distance of 2 km from the farmstead,
except the “I”.

** Those two blocks are divided each year into several fields sown with
different crops.

*** These fields are located on reclaimed land.

Figure 2. Spatial patterns of crop sequences and set-asides on a farm
in Fresnay-1’Evéque, Beauce.

of the survey), general decision rules for crop location at the
farm level exist. If farmers do not implement regular crop rota-
tion over the years, the crop sequences they build are based on
agronomic rules that result in regularity of the crop sequences,
and we could identify a model of elementary crop sequences.
Our results confirm those of Joannon et al. (2006) and Bellon
and Doré (2005). The fact that farmers do not implement reg-
ular crop rotations also explains why a large number of crop
sequences can be found over a large area when farmers can
cultivate a great diversity of crops. That is the case in the study
of Leteinturier et al. (2006), in which 62499 different seven-
year crop sequences were found over 255461 ha. But we have
shown in our study that that does not signify that farmers have
no rules for building crop sequences.

3.2.2. Size of cultivated fields

The diversity of vegetation cover in a given block of land
cultivated by one farmer was also influenced by the size of
cultivated fields. The cultivated field size ranged from 0.5 ha
to 57 ha. Table IIla gives the distribution of the fields broken

into 4 classes. While fields bigger than 10 ha represent less
than half of the sample, they cover 74% of the area. However,
the size of the fields is quite diverse since 17% of the cultivated
fields in the surveyed farms are small (less than 3 ha). Having
this kind of small field in the landscape gives the opportunity
to create vegetation cover diversity in between the large fields.

In the interviews, three factors that influence the size of cul-
tivated fields were identified:

— The type of crop: the size of wheat fields was much larger
than other crop fields, total cultivated wheat acreage on
farms often exceeding 45 ha; conversely, the acreage of
special crops on farms, and often of other breaking crops,
was generally small, representing between 5 and 25 ha on
farms. So, when cultivating these last crops in blocks of
40 ha to 100 ha, farmers had to divide them into several
smaller fields. Table IIIb shows that wheat fields are larger
than all other fields. This was confirmed by the analysis of
variance performed with Systat9 (Fig. 3). The hypothesis
that the size of the fields is equal regardless of land use is
rejected at a level of significance of P = 0.026.

— Irrigation equipment: the mobility and size of the irrigation
equipment influenced farmers’ design of fields. Two types
of equipment were found. The first was the center-pivot or
the linear-move system, depending if the system turned or
not. In the municipality there were six move systems on
four farms, from 250 meters to 500 meters in width. Since
such equipment is difficult to move, farmers designed large
fields of the same crop to be irrigated. The other equip-
ment, an overhead sprinkler, is smaller and easier to move,
with an irrigation width of 72 meters. With such equip-
ment farmers could more easily irrigate small fields, even
smaller than three hectares.

— Water drifting: depending on the wind, the edge of a field
could be less irrigated or water could drift onto a nearby
field. Consequently, farmers tried not to scatter the same
irrigated crop over several fields and also tried to locate
different irrigated crops in adjacent fields to minimize wa-
ter drift.

This survey points out the fact that field size was not directly
related to tractor traffic and tillage in fields, but much more to
irrigation. Most of the interviewed farmers stated that divid-
ing a big field into several 10- or 15-ha fields would not result
in a loss of time when plowing, tilling and sowing it. Our re-
sults agree with the study of Francart and Pivot (1998), which
had shown that increasing field size over five hectares did not
significantly decrease the time spent working in the fields.

3.3. Grey partridge’s habitat diversity

The classification of the 51 elementary crop sequences in
regard to the grey partridge’s habitat requirements as explained
in the materials and method section is reported in Table I'V.
The sub-blocks are the blocks broken down by elementary
crop sequences. So a sub-block is farmed by only one farmer
and only one elementary crop sequence is applied on it, but
it can be divided into several fields. Among the six classes
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Table III. (a) Distribution of the fields by size. (b) Size of the fields by land use.

(a)

Field area Number of fields % of total fields
Less than 3 ha 34 17%
3to 10 ha 78 39%
10 to 20 ha 46 30%
More than 20 ha 30 15%
(b)
Land Use Wheat  Sugar Beet  Oilseed rape
Mean size 14.3 8.9 10.8
Number of fields 67 10 8
Minimum size 0.5 5 2.2
Maximum size 57 15.8 24
FIELD_SIZE
17.0 T T T T T T T
144 —
1al K
a2zl —
66| -
410 1 1 1 1 1 1 1
C OR P ShSuB ¥ W
LANDUSE

C: corn / OR: oilseed rape / P: peas / Sb: spring barley / SuB: sugar beet / V: vegetables / W: wheat.

Figure 3. Analysis of variance of the size of fields according to land
use.

resulting from the two indicators (crop diversity and percent-
age of small grain cereals in the elementary crop sequences),
Class 21 is likely to be the most suitable for the grey partridge.
It corresponds to elementary crop sequences with a high di-
versity of crops and 50% of small grain cereals. This class
represents 32% of the surveyed arable area. The elementary
crop sequences of Class 23, which is also characterized by a
high diversity of crops but with a variable percentage of small
grain cereals, is also potentially quite suitable for the grey par-
tridge. This class represents 34% of the surveyed arable area.
Together, classes 21 and 23 cover 66% of the land surveyed.
They both correspond to elementary crop sequences includ-
ing at least four different crops. The limit of this indicator is
that it is only based on the elementary crop sequences: it is
basically an indicator of the temporal diversity of vegetation
cover, while the key component of grey partridge’s habitat
quality is the spatial diversity of vegetation cover. However,
a temporal diversity of crops is likely to lead to a spatial di-
versity since farmers cultivate each crop of the sequence every
year and rotate them over the years. Our results complement
those of other studies carried out on broader scales. As stated
in the introduction, regional studies have pointed out the im-
pacts of intensification of agriculture on farmland bird biodi-

Area of fields (ha) % of total area

61 3%
493 23%
789 37%
793 37%

Corn  Spring Barley Peas  Vegetables  All
8.6 9.0 9.9 9.7 11.2
29 18 23 22 177

2 2.3 0.5 1.25 0.5
36 19 28 25 57

Table IV. Elementary crop sequence diversity in regards to grey par-
tridge’s habitat requirement.

Class of sequence 11 12 13 21 22 23 Al
Total area (ha) 106 283 146 698 207 754 2.193
Total area (%) 5% 13% 7% 32% 9% 34% 100%
Number of sub-blocks 19 22 12 18 3 17 91
Mean area of the sub-blocks 6 13 12 39 69 44 24

Class 1x: elementary crop sequences with O to 2 crops other than small
grain cereals.

Class 2x: elementary crop sequences with at least 3 crops other than small
grain cereals.

Class x1: elementary crop sequences with 50% of small grain cereals.
Class x2: elementary crop sequences with more than 67% of small grain
cereals.

Class x3: elementary crop sequences with at least 50% of small grain
cereals (variable percentage).

versity. Local studies like ours show that within a supposed
‘regionally homogeneous’ intensive agriculture, a certain di-
versity of practices exists locally among farmers that could
also affect farmland bird biodiversity. This diversity of prac-
tices leads to landscape heterogeneity as shown in Figure 4,
diversity that may partially explain the spatiotemporal vari-
ability in grey partridge abundance and reproductive success
(Bro et al., 2005).

The analysis of the technical constraints that determine
farmers’ crop acreage, crop location and field size (and thus
the potential heterogeneity of the landscape) reveals that in the
irrigated part of the Beauce, irrigation is a main factor driving
the spatial organization of arable land. This factor is more im-
portant than the loss of time when working with tractors and
machinery in fields. But the effects of irrigation were clearly
outlined as contradictory. On the one hand, crop mosaic het-
erogeneity can be increased (increase in the diversity of crops
and of crop sequences) and on the other hand, it can be de-
creased since irrigation is a main factor for designing large
fields. In addition, irrigation has been shown to have an impor-
tant adverse impact on partridge reproductive success (Birkan
et al., 1990; Bro et al., 2000b). This illustrates the fact that the
impact of agriculture on wildlife populations and more broadly
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Wheat

Wheat

Set-aside

Sugar beet  Peas

a: Block of land of 50 ha cultivated by a farmer who divides it into five fields of 10 ha each.
b: Block of land of 30 ha cultivated by another farmer, who either divides it into 2 fields or sows the whole block of

land with a small grain cereal as shown in the figure

Figure 4. Landscape heterogeneity in two blocks of land cultivated
by two different farmers (aerial picture taken in August 2002).
Copyright IGN, Paris, 2002.

on biodiversity is not simply negative or positive, even in a
context of intensive agriculture.

4. CONCLUSION

Our results show that in an intensive cash crop area, usu-
ally considered as having a low diversity of vegetation covers
on a large scale, diversity exists locally and creates different
types of local landscapes more or less suitable for the grey
partridge. Indeed, in the municipality studied, due to the di-
versity of crops cultivated by farmers and the diversity of farm
territory characteristics, 51 elementary crop sequences are im-
plemented by the 22 farmers interviewed. These elementary
crop sequences potentially create six types of local landscapes,
one of them being the most suitable for the grey partridge.
Moreover, the diversity of vegetation covers is created by the
field patterns. While large fields over 10 ha cover 74% of the
land surveyed, smaller fields are still numerous (56% of the
fields surveyed). This landscape heterogeneity in cash crop ar-
eas was not foreseen in previous grey partridge studies. Our
study also shows that the main factors of vegetation cover di-
versity identified were the irrigation capability on the farm (ir-
rigation equipment, water pump flow and labor availability);
the proportion of the different types of soil of the area, espe-
cially the percentage of stony fields; and local markets allow-
ing crop diversification. Irrigation has been clearly identified
as a factor having contradictory effects on landscape hetero-
geneity. Based on our results showing a diversity of crops and
crop sequences regarding the grey partridge’s habitat require-
ments and following Meyer et al.’s (in press) methodology, it
is possible to build a map of the municipality indicating the
favorable areas for nesting and raising grey partridge chicks.
The next step will be to set up a spatially explicit monitoring
of grey partridge populations (breeding density and reproduc-
tive success) in order to validate our hypothesis about grey
partridge’s habitat and landscape heterogeneity in cash crop
landscapes with few permanent elements.
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