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a b s t r a c t
High Nature Value (HNV) farmlands are expected to support high levels of biological diversity and may
have a relevant role in driving biodiversity dynamics and particularly refraining biotic homogenization.
The present study tests this hypothesis by examining whether spatial and temporal variations in contemporary composition and dynamics of bird communities are related to past changes in HNV farmland
within a 30-year period. Analyses of three farmland types were made in areas of (1) highly intensiﬁed
agriculture, (2) relatively recent agriculture intensiﬁcation and (3) low-intensity agriculture identiﬁed as
HNV farmlands. French farmland in its whole is currently subjected to biotic homogenization processes.
However, no homogenization was observed in HNV farmland, potentially indicating that those areas were
not affected – or at least not at the same pace as elsewhere – by biotic homogenization. Farmland species
population trends remain high in recent non-HNV farmlands, indicating that some non-HNV areas may
still contribute in refraining farmland biodiversity decline. Future conservation focus should be given in
priority in HNV farmland, but also in areas of recent agriculture intensiﬁcation, to buffer further negative
effects on population and community dynamics.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Species turnover due to human activities, with loser species
being replaced by winners, has been widely documented (Ekroos
et al., 2010; Julliard et al., 2004; Keith et al., 2009). Local extinction of specialists species leads to functional homogenization, as
distinct functional traits are replaced by others shared by many
species (Devictor et al., 2007; Rooney et al., 2007). Considerable
attention has been given to sources of disturbance affecting the
large-scale community functions and habitats stability to natural
or human driven pressures, like agricultural intensiﬁcation (Clavel
et al., 2010; Clavero and Brotons, 2010; Devictor et al., 2008b). Yet,
whether and how species react following an increasing spatial and
temporal gradient of farming intensiﬁcation on large spatial scale
remains unclear. Biotic homogenization acting through population
and community dynamics may not occur similarly in all types of
agroecosystems.
Following the global changes in farming practices over half a
century and associated strong impacts on biodiversity (Siriwardena
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et al., 1998; Sotherton and Self, 2000; Van Dyck et al., 2009), the role
of low-intensity agriculture for the conservation of farmland biodiversity has been acknowledged (Baldi et al., 2005; Haas et al., 2001).
In Europe, low-intensity farmlands favourable to biodiversity have
been identiﬁed using agriculture production metrics, composing
the so called High Nature Value (HNV) farmlands (Baldock et al.,
1993; Beaufoy and Baldock, 1994; Henle et al., 2008) and conducting to the HNV indicator (Andersen et al., 2003; Paracchini et al.,
2008). The importance of current HNV farmland in biodiversity conservation has been illustrated recently using a national case study
of farmland specialist and threatened birds in France (Doxa et al.,
2010). However, this role may be compromised in the future by
further spatial restriction of HNV farmland following the ongoing
intensiﬁcation and abandonment of agricultural land. Yet, the evaluation of past spatial and temporal restrictions of HNV farmland
and associated effects on biodiversity still needs to be performed.
In intensive and intensiﬁed agricultural areas, bird communities
are expected to be composed of more generalist species, whereas
more specialized bird communities are expected in HNV farmlands
(Doxa et al., 2010). For population and community dynamics over
time, we expect that if all types of farmlands are subject to biotic
homogenization, negative population trends will be mostly observable within specialized communities. Our objective is to study
whether and to what extent areas that have resisted to agriculture
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intensiﬁcation over the last decades can reverse biotic homogenization at the national scale. Moreover, we aim at investigating
whether historical non-HNV farmlands differ from recent non-HNV
farmlands, which might help in setting priorities in conservation
actions among different categories, according to farmland past and
current management.

HNV scores were estimated for each municipality as the simple
subtraction of the HNVscore2000 –HNVscore1970 . This new variable
– denoted as DHNV – corresponds to the gradient of farming intensiﬁcation, i.e. a positive value identiﬁes areas where the HNV score
increased over the period 1970–2000, containing actually a higher
share of low-intensity farmland, whereas negative values indicate
an intensiﬁcation of agricultural production (see Fig. 1).

2. Methods
2.1. Population-scale analysis (FBI)
Past and current HNV farmland distribution was estimated in
1970 and 2000 respectively for each municipality in France. Data
used for current HNV distribution included the national Farm Structure Survey (FSS) data – carried out on 663.807 agricultural farms in
2000 –, the French National Forest Inventory (NFI), the Annual Agricultural Survey, the Grassland Survey, the Wetland Survey and data
from the French Land Parcel Identiﬁcation System. These databases
provided detailed information about agricultural practices, e.g. crop
diversity, nitrogen mineral fertilization of grasslands, crop yields,
number of farms using common land and those having natural landscape elements (i.e. hedgerows, forest edges, traditional orchards,
ﬁshing ponds, wetlands; see Pointereau et al., 2007, 2010). Data
used for past HNV distribution were available from the 1970 FSS,
NFI, annual agricultural statistics, survey of traditional orchards
and on data recorded in 1982 grassland survey. For missing data
about past distribution of forest edge length, ﬁshing ponds and
wet grasslands temporal invariability was assumed and thus their
actual distribution was considered.
The method was based on the calculation and combination
of three components, identiﬁed on the basis of a thorough analysis of the characteristics of French agriculture considered to
be favourable to biodiversity (Pointereau et al., 2010): (1) Crop
diversity and share of permanent grassland. Information used to
estimate this component was available from the FSS, gathering data
for each farm in France. This information was brought to a larger
scale by averaging the scores of all farms present in each municipality weighting by their utilized agricultural area. This indicator is
a proxy for the rotation system and allows a ﬁrst approach to the
diversity of landscape. Longer rotations and presence of permanent
grasslands are indicative of less intensive agriculture and allow a
reduction in use of pesticides. (2) Extensive farming practices. As
no speciﬁc data were available on extensive agricultural practices
at the European scale, low intensity management was indirectly
estimated with FSS data considering a number of farming conditions (e.g. low stocking density, non irrigated and non drained
areas, presence of crops which can be considered as extensive –
oats, alfalfa and other fodder legumes – follows, common lands
and extensive permanent grasslands and absence of those considered as intensive – maize, sugar beet, industrial crops; temporary
grasslands; see Pointereau et al., 2007). The level of intensity in
agricultural practices was deﬁned using two variables: the level of
mineral nitrogen fertilization of grasslands and the yields of cereals.
(3) Presence of natural landscape elements. The number of traditional trees (apple, pear, olive trees, etc.), the length of hedges, the
length of wood edges, the number of farm ponds and the surface
of wet grasslands were considered for this component. The same
methodology was used for each of the three components i.e. precise information available at the local scale, was averaged at the
municipality scale. The ﬁnal HNV indicator was calculated for the
agricultural area of each municipality by summing the scores of the
three components. Components took values from zero to ten, the
ﬁnal HNV indicator thus varied from one to 30 (for methodological
details see Appendix I in Doxa et al., 2010). The threshold separating
HNV from non-HNV areas in both current and past HNV farmland
was ﬁxed at a HNV score of 14.78, as the minimum allowing to
trace ecological differences between HNV and non-HNV farmlands
(Pointereau et al., 2010; Doxa et al., 2010). Temporal changes in

To test the response of species abundances to the temporal and
spatial changes in HNV farmland (DHNV), the French Farmland Bird
Index (FBI) was used based on monitoring data of the 20 farmland
specialist species from 2001 to 2008 (Jiguet et al., 2007). Although
bird metrics of the French indicator were available from 1989
onwards (Jiguet et al., 2011), we excluded the years 1989–2000,
as a different protocol was used during this period with much less
plots surveyed. Farmland specialist species were identiﬁed using
their specialization to habitat through the Species Specialization
Index (SSI), measured as the coefﬁcient of variation of the species
average abundance in 18 habitat classes and estimated using the
French Breeding Bird Survey (BBS) data (Julliard et al., 2006).
Censuses of breeding birds were carried out on randomly
selected plots each spring by skilled volunteer ornithologists (Jiguet
et al., 2011). Each plot, covering a 2 km × 2 km area, was monitored
twice in spring, before and after the eighth of May, with four to six
weeks between the two surveying events. In each plot, the observer
carried out 10 evenly distributed point counts, where every individual bird, heard or seen, was recorded during a 5 min survey.
A total of 1747 plots were surveyed at least once between 2001
and 2008. Data retained for further calculation came from points
located within farmland in a total of 1082 plots that had at least
ﬁve points in farmland habitats. Of these plots, 285 were monitored during one year, 131 during two years, 117 during three years
and 549 during four years or more. The number of plots monitored
each year in each category i.e. HNV, non-HNV, in areas that lost
the HNV status (HNV-lost) and those that gained the HNV status
(HNV-gained) are presented in the Appendix (Table A1).
The FBI was calculated as the geometric mean of species abundance indices per year (Gregory et al., 2005). Yearly indices of
abundance were obtained after exponential transformation of
annual indices obtained with quasi-Poisson regression models
using abundance as the dependent factor, ﬁrst accounting for site
effect and then testing for a year effect as a factor (Doxa et al., 2010).
The FBI was calculated for four farmland categories i.e. (i) all sites (ii)
those that remained HNV (HNV), (iii) those that became non-HNV
(HNV-lost) and (iv) those that remained non-HNV (historic nonHNV). Municipalities which gained the HNV status between 1970
and 2000 were very few in France (n = 288 municipalities representing 0.8% of the total territory) and not enough bird data existed for
this category to conduct a separate analysis. Finally, the temporal
trends of the FBI per category were compared to test for signiﬁcant
differences among farmland types. To do so, linear mixed effects
(LME) models were used, considering species yearly indices as the
dependent variable, year as continuous predictor and species as
random predictor. The percentage of increase (or decrease) of the
trends was estimated as the average estimate of change per year, as
resulted from the previous model, multiplied by the number of time
intervals (i.e. number of years-1). The interaction between year and
the HNV category was also considered to examine whether temporal linear trends in yearly indices differ among HNV categories.
2.2. Community Specialization Index (CSI)
The CSI was estimated by averaging the SSI of all species encountered in each BBS plot, weighted by the average species abundance.
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Fig. 1. Spatial changes in HNV farmlands between 1970 and 2000 in France.

The SSI of 144 species (Appendix A2) was used. As generalist habitat
species were considered those that varied slightly in abundances
across habitats, having a low SSI, whereas those that were more
abundant in a certain type of habitats than elsewhere were considered as habitat specialists and had a high SSI value.
Given the location of each BBS site, a DHNV score was attributed
to each bird community. This was possible by overlaying the DHNV
scores per municipality with the spatial distribution of the BBS
sites in a Geographical Information System (ArcGIS 9.3). The type of
spatial autocorrelation was identiﬁed through semivariograms of
available data, using the nlme package in R (Lindstrom and Bates,
1990). Linear models were then run using generalized least squares
(GLS), considering a spherical spatial autocorrelation structure and
by deﬁning the range and nugget as resulted from the semivariogram analysis (Lin and Zhang, 1999). A spatial model was ﬁrst
tested, using the mean CSI per site as the dependent parameter
and the DHNV as the explanatory factor. The temporal variation of
the CSI was further analyzed using the CSI value per site and year
over the period 2001–2008 as the dependent factor and as independent predictors, the year and the interaction between year and
DHNV (as continuous parameters). For the graphical representation, raw data were grouped into ‘bins’ (Buckingham et al., 2006).
Equal HNV score intervals were considered for each bin i.e. sites
that had a HNVscore in [−10, −5]; [−5, 0]; [0,5]; etc., were grouped
together. To explore potential non-linear responses, generalized
additive models (GAMs) were used, with a smooth spline function
and two degrees of freedom (see also Devictor et al., 2008a; Guisan
et al., 2002). We conducted separate analyses for the previous four
categories of farmlands (see Section 2.2).

in 2000 (see Fig. 1). Important losses of HNV areas occurred mainly
in North-Western but also to a lesser extent in Central France. Farmland areas that acquired the HNV status from 1970 to 2000 were
very few and located mainly in south-eastern France (blue coloured
in Fig. 1; for interpretation of the references to color in text, the
reader is referred to the web version of the article).
3.1. Population trends
At the population level, the FBI increased by +9.9% between
2001 and 2008 in areas that remained HNV and the trend was also
positive in recent non-HNV areas (+4.5%; see Fig. 2). However, the
indicator had a negative trend in intensively cultivated areas that

3. Results
HNV farmlands covered a total area of 21.3 million hectares
(Mha) in 1970, while this area was signiﬁcantly reduced to 6.9 Mha

Fig. 2. The FBI estimated (i) for HNV farmlands, (ii) recent non-HNV farmlands
(HNV-lost), (iii) for historically non-HNV farmlands. Standard errors are shown in
bars.
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When considering all sites together, a signiﬁcant positive linear
trend between the CSI and the DHNV was observed (t1072 = 5.01,
p  0.001). Farmlands where the HNV score has increased (moving
to the right part of the graph), hold more specialized bird communities. On the contrary, sites where the HNV score decreased
(moving to the left part of the graph) hold bird communities dominated by habitat generalists (low CSI values). Moreover, testing for
an overall temporal trend in the CSI, a negative trend was revealed
(t4081 = −2.92, p < 0.01; Fig. 3), which indicates that bird communities were increasingly composed by habitat generalist species over
the period 2001–2008. The interaction between year and DHNV
was not signiﬁcant (t4081 = 0.52, p = 0.6).
By considering separately each farmland category, a signiﬁcant
positive trend in community specialization was revealed along
the DHNV gradient (t501 = 7.65, p  0.001) for recent non-HNV
farmlands (see Fig. 4a). The temporal trend of CSI was negative
(t1929 = −2.92, p < 0.01), but the interaction between year and DHNV
was signiﬁcantly positive for this category (t1929 = 5.00, p  0.001).
Quite different results were obtained for the other two categories;
for HNV farmlands, CSI continued to have a positive trend over
increasing DHNV (t402 = 2.26, p = 0.02; see Fig. 4b), but interestingly the negative trend in CSI over time was not signiﬁcant for this
category (t1511 = −1.66, p = 0.1). Finally for historic non-HNV farmlands, no evidence was found of any signiﬁcant trend neither along
the DHNV gradient (t163 = −0.38, p = 0.7), nor over time (t627 = 0.26,
p = 0.8). The interaction between year and DHNV was not signiﬁcant for both categories (HNV: t1511 = 0.05, p = 1, historic non-HNV:
t627 = −0.33, p = 0.7).

0.0
−0.2
−0.4

3.2. Community structure

CSI

were considered as non-HNV farmland both in 1970 and 2000 (historic non-HNV: −5.4%). Trends were signiﬁcantly different between
HNV and historic non-HNV farmlands (t297 = 2.09, p = 0.04). No differences were revealed in trends among other farmland types. A
strong decline during the early 2000s in historic non-HNV farmlands was observed, which reﬂects the decline in farmland birds in
France during the 1990s, stabilized further on.

0.2

Fig. 3. CSI for the period 2001–2008. Raw data are shown in the boxplot. Trend and
conﬁdence intervals estimated from the generalized additive model are shown in
black solid line and within grey lines, respectively.
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Fig. 4. CSI over DHNV for (a) recent non-HNV farmlands (HNV-lost; n = 503 sites), (b)
HNV farmlands (n = 404 sites). Raw data are shown in the boxplots, trend estimate of
the generalized additive model is shown in black solid line and conﬁdence intervals
are shown in dotted lines.

4. Discussion
Past and current HNV farmland had a net positive effect on
the composition of bird communities, i.e. in farmlands of stable
or increasing HNV score, bird communities were increasingly composed by farmland specialist species, as resulted from the analysis
of CSI and FBI over space and time. A signiﬁcant trend towards
community homogenization was however revealed over time for
the period 2001–2008 at the national level. Interestingly though,
considering separate farmland categories, we revealed that not all
farmland types were subjected to biotic homogenization, at least
not in the same pace. Intensiﬁed agriculture practices applied for
over 30 years in historical non-HNV farmlands coincided in areas
where specialist species are most in decline. However in recent
non-HNV farmlands some mitigated results were obtained as bird
abundances were maintained there in higher levels than in historical non-HNV areas. At the community level, CSI results indicated
species turnover over time with farmland specialists being replaced
by habitat generalists, potentially indicating that landscape
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structure in recent non-HNV farmlands may be favourable to certain but not all farmland specialist species. The observed biotic
homogenization was less marked within areas with relatively high
HNV scores.
The inﬂuence of past land use on present biodiversity may vary
according to species life-history traits. For instance, responses to
landscape changes may be delayed by 25–100 years for long-lived
birds (Ferraz et al., 2007). However, as most species considered in
the present study are relatively short-lived passerines, such timelagged effects, if present, should refer to more brief time periods.
Metzger et al. (2009) suggested that delayed responses in population change to agriculture intensiﬁcation arise when reaching a
critical threshold set by of a number of interacting factors, rather
than one single agent. The present study shows that past landscape structure in French farmlands inﬂuences present biodiversity
in bird communities. Furthermore it shows that different levels of
biodiversity are encountered within the different DHNV categories
which could reﬂect various and continuous impacts of intensiﬁcation. In terms of population trends, signiﬁcant differences occur
between HNV and historic non-HNV farmland, however no such
difference is yet observed between HNV and recent non-HNV farmlands.
Farmlands with intermediate levels of Nature Value may still
play an important role in biodiversity conservation in agricultural
areas. For HNV farmland, a conservation effort should be targeted
at preserving crop diversity, extensive farming practices and landscape elements, especially within the less favoured areas (LFA) in
France (Doxa et al., 2010). In farmlands of relatively recent agricultural intensiﬁcation, conservation measures should focus on the
preservation of landscape elements that may potentially buffer
the effects of intensiﬁcation for some species. In heterogeneous
landscapes, with a high variety of crops and management practices, birds can beneﬁt from higher food availability (Danhardt
et al., 2010). Landscape complexity can also buffer biodiversity
from indirect or combined effects coming from different sources
of disturbance.
Community-based metrics (e.g. Community Specialization
Indices) integrating ecological differences between species (e.g.
their specialization level) is useful for reﬁning conservation targets
(Norris, 2008). Using only species richness indices seem insufﬁcient when studying anthropogenic habitat alteration. In fact some
recent studies have shown that large shifts in relative species abundances may result in peaks of local species richness (Blair and
Johnson, 2008; Catterall et al., 2010; Crooks et al., 2004), whereas
others do not detect any observable changes in species richness
over time (Doxa et al., 2010; Kerbiriou et al., 2009). In addition,
species-rich communities may be mostly composed by generalists species than species-poorer communities (Clavero and Brotons,
2010).
Refraining biotic homogenization in agroecosystems and other
types of habitats is a major world-wide conservation goal (Olden,
2006; Olden and Poff, 2003). The present study underlines the
role of HNV farmland for halting in some cases biodiversity loss
and biotic homogenization in bird communities and potentially in
other taxa in French farmlands. Results are encouraging in the sense
that biodiversity decline seems to be reversible – to some extent
– if the types of farmland that mostly contribute in doing so are
adequately managed. Habitat availability for farmland specialists
should be further favoured. On this aspect, additional focus should
be given to recent non-HNV farmlands that maintain relatively high
HNV scores and which may still contribute in achieving conservation goals. Any further geographic and economic marginalization of
HNV farming would probably result in a decrease of its actual positive role for conserving farmland biodiversity in France, and in other
EU countries where agricultural changes are likely to severely affect
bird populations (Butler et al., 2010). The identiﬁcation of potential
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large-scale conservation areas, such as the HNV farmland network
should therefore be seriously considered as part of an adaptive plan
in reducing farmland biodiversity decline.
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