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Abstract

European farmers are encouraged to participate in conserving national biodiversity on farms especially remnant old, undisturbed small biotopes, forests and permanent grassland. It is foreseen that this objective cannot rely on regulation solely, and to succeed, farmers need to understand the goals behind it. A set of indicators have been developed and tested on eight organic farms as part of a ‘green-account’ based dialogue to explore whether the farmers were able and willing to include such indicators in their decision making. ‘Weed cover in cereal fields,’ was used as an indicator of floral and faunal biodiversity in the cultivated land, and ‘uncultivated biotope area ’ on the farm was used as an unspecific measure of wildlife habitats. In uncultivated biotopes, herbal plants divided into functional groups  - inspired by Grime’s stress tolerant plants - and low mobility butterflies were used as indicators of conservation value. The functional grouping, discriminating between ‘high conservation value’ plant species on one hand and ‘competitive’ and ‘ruderal’ species on the other, proved to be a useful tool for developing the often used indiscriminate species richness measures into indicators focusing on the few sites left with considerable remnant conservation value. At biotope scale the high conservation value species contributed almost 50% of the average species richness per biotope (9.5 out of 20.3 species), and between-biotope and between-farm variation increased when only conservation value species was considered. The reproducibility of the indicators was fairly good. The reactions of the organic farmers revealed that the ideas and goals of conservation of wildlife quality are not necessarily the same for biologists as for farmers (even organic) and the farmers expressed very different opinions on the idea that conservation of wildlife quality is a question of the absence of modern agricultural impact. However, farmers also stated that the information given by the indicators and especially the dialogue with the advisors had influenced their perception and awareness of wildlife. We conclude that mapping of wildlife quality combined with a dialogue process should be a key component of a farm wildlife management advisory tool at farm level.
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1 Introduction

Increasingly, European farmers are expected to conserve or enhance biodiversity on their land (Adams et al., 1994; Ovenden et al., 1998; Sotherton, 1998) and the reformed Common Agricultural Policy, ‘Agenda 2000’ (Anonymous, 1999), includes such goals and agri-environmental measures directed towards biodiversity. Bowers (1999) argues that conservation of remnant natural vegetation (‘a survivor from a community most of which has disappeared’) in farmed land cannot rely entirely on subsidies. It also depends on the positive contributions from farmers, which again imply the farmers’ understanding of the goals behind the subsidies.

Experience shows that farmers are willing to include public goals for conservation if the purpose is discussed with them (Just et al., 1996; Cox et al., 1990). However, the interest seems to be higher for managing and creating ‘nature’ (e.g. shelter belts and game plantings) in farmed land (Brandt, 1992; Cox et al. 1990; Primdahl, 1999) than for the protection of the remaining natural and semi-natural habitats from agricultural intensification. From a general conservational/biological point of view, new biotopes cannot compensate for the loss of old ones, because old biotopes often have a high species richness, e.g. reflecting a low degree of eutrophication and perturbation. 

Organic farming may be expected to play a particular role in the protection of wildlife quality. The goals of the International Federation of Organic Agricultural Movements (IFOAM, 2000) include: To encourage and enhance biological cycles within the farming system, involving microorganisms, soil flora and fauna, plants and animals, and to maintain the genetic diversity of the production system and its surroundings, including the protection of plant and wildlife habitats. 

However, there are no requirements in the EU-regulations or the Danish implementation/legislation for organic farming to manage semi-natural habitats in particular ways. The eutrophication of uncultivated biotopes might continue also after conversion (or at least not be reversed), and high-quality biotopes might be removed, overstocked or otherwise damaged if the organic farmers are unaware of their biological value. Therefore, there is a need to find ways to sensitise organic farmers and to support their decision making related to biodiversity.

A number of indicators of biodiversity on agricultural land have been suggested, but very seldom is given any justification for their focus on certain species or communities (McGeoch, 1998). To our knowledge no investigations have been published of the applicability of biodiversity indicators for farm management and the farmers’ perceptions of such indicators.

The aim of this study was to test the appropriateness of indicators to facilitate a dialogue between expert and farmer on nature wildlife quality in allowing farmers to better understand and conserve areas of semi-natural habitats and wildlife quality on their farms.      

2 Development and testing of indicators

2.1 Criteria for indicator selection

Three overall requirements served as guidelines for the development and later testing of the indicators (Halberg, 1999). The indicators should:

1. build on a sound and publicly acknowledged biological basis,

2. be easy to understand and acceptable to the farmers, 

3. reflect the farmers’ actions or be able to guide farmers’ future actions.

From a conservational point of view, indicators should underline biologically relevant and publicly prioritised aspects of wildlife, based on data sufficiently good to identify sites with remnant conservational values demanding protective concern or actions from farmers. We based ‘public conservation priorities’ in Denmark on Pripp and Wind (1996) and the Danish Red Data Book (Stoltze and Pihl, 1998). The indicators ought to be useful in a dialogue between biologist and farmer, and they should preferably reflect issues that farmers can recognize (e.g. sites, organisms, actions). Further, field methods and data requirements must be designed to be realistic for a reliable large-scale use by non-expert field technicians.

2.2 The biological embeddings of the indicators

The term ‘biodiversity’ is often used as a very broad concept of the variation and amount of wildlife, implicitly assuming that high richness in species is valuable in itself (Anonymous, 1999, Callicot et al., 1999). It is doubted that any specific operationalisation of biodiversity will be able to function as a conservation guideline in itself (Vane-Wright et al., 1991; Norton, 1994; Humphries et al., 1995) since decisions on what parts of nature are valuable in the end are based on normative assumptions. The term ‘conservational wildlife quality’ may therefore be preferable since it explicitly includes a value statement, and the important task is actually to agree as to which part of biodiversity has a quality that merits conservation efforts. 

Callicott et al. (1999) discussed how different nature conservation concepts might be classified as expressing a focus on species composition (biodiversity, biological integrity, i.e. a compositionalist view), or a focus on ecosystem function (ecosystem health, biological sustainability, i.e. a functionalist view). Within the organic farming research community there is a strong belief that organic farming practices should (actively) enhance and benefit from biodiversity (ecosystem health under the functionalist view, see e.g., Vereijken et al, 1995; Stopes et al., 1995, Nentwig, 1995; Hald, 1999). Indicators of the function of an ecosystem may be relevant and there may be some correlation between ecosystem function and composition, but this ‘beetle bank’ approach to biodiversity will not necessarily enhance or conserve the valuable part of biodiversity from the compositionalist view. Furthermore, organic farming will pursue the functional goals of the biotopes as an interest of farming, while this is not necessarily the case with the compositional values. In this paper we therefore focus only on development of indicators representing the societal interests in the species composition in order to assist the dialogue between organic farmers and society. 

The criterion for wildlife quality used in this study was the degree of farming-related perturbations over time as reflected in the remnant plant and animal communities that are sensitive to current farming methods. Following this ‘wildness’ concept the most valuable areas are those left undisturbed (from modern, human impact), leaving room for species with low competitiveness (Ejrnæs, 1998; Nygaard et al., 1999). The reason for a societal interest in this would be that such areas presently are scarce in the Danish landscape and contain many of the Red Book species.

The notion of wildness (as undisturbed) makes no sense in cultivated fields or in newly disturbed small biotopes. Furthermore, under the wildness perception within the compositionalist view, human impact is perceived mainly negative. If the indicators only reflect the absence of human impact, very small parts of the farm may be in focus and these indicators may not grasp the wider interest in wildlife of the society. Therefore, in order to acknowledge that cultivated fields may contribute to various aspects of wildlife quality, and in order to facilitate a dialogue with the farmers on how they can contribute positively to wildlife quality it was decided to develop two sets of indicators that could represent both the compositionalist view on the values of the uncultivated wild farmland, and the wildlife quality on cultivated farmland and newly established small biotopes.

2.3 Description of farms

The indicators were tested on eight organic farms. The farms were distributed across Denmark, and the farm size ranged between 51 and 155 ha and the stocking rate ranged between 0.7 and 1.3 Livestock Units per ha (Table 1). Two farms were biodynamic and had been organically managed for more than 40 years and the rest had been converted between 1985 and 1992. All farms had 3 to 5-year crop rotations on most of the land dominated by 2 to 3-year of grass-clover alternating with cereals partly undersown with grass-clover.

Table 1.
Description of farm size and crop rotation.

	Farm No
	       1
	       2
	       3
	         4
	         5
	        6
	         7
	        8
	Avr.

	
	
	
	
	
	
	
	
	
	

	Year of conversion (1)
	1951/-79
	1951
	1995
	1987
	1992
	1992
	1992
	1988
	

	Area, ha (incl. rented)
	136
	51
	114
	72
	155
	78
	103
	107
	102

	Soil Texture Class 2)
	4
	3
	2+
	3+
	2+
	2+
	3
	3
	

	Stocking rate, LU ha-1
	1.3
	1.0
	0.7
	1.0
	1.2
	1.1
	1.1
	0.9
	1.0

	% permanent grass
	4
	24
	2
	14
	4
	0
	24
	7
	10

	% of rotation-area:
	
	
	
	
	
	
	
	
	

	- cereals (3)
	34
	24
	39
	33
	23
	27
	14
	39
	29

	- grass-clover (4)
	55
	46
	42
	47
	73
	73
	58
	49
	55


1) Year of conversion to organic farming applies to largest part of land; more land may be acquired later

2) 
Soil texture classes according to USDA (1990): 1= sand, 2 = loamy sand, 3 = sandy loam, 4 = loam, 5 = sandy clay loam, 6 = sandy clay, 7 = clayey loam.
Types 1-3 <10% clay; types 4-7 >10% clay. + denotes possibility for irrigation

3)
Includes winter and spring sown cereals for grain harvest and for whole crop silage

4)
Includes Alfalfa on farms nos 1, 2, and 7

2.4 Description of the indicators

Rotational field indicator - weeds

Within rotational fields, only a single indicator was used, ‘ weed cover in cereal fields, %’, because the weed flora (and the factors controlling it) probably is the most decisive single factor determining functional wildlife quality in the absence of pesticide application. Many studies confirm the general relationship between gross weed cover and faunal abundance and diversity, including ‘beneficial arthropods’, mainly ground beetles, rove beetles and linyphiid spiders (Speight and Lawton, 1976; Vickerman, 1978; Purvis and Curry, 1984; Powell et al., 1985; Chiverton and Sotherton, 1991; Hald et al., 1994; Reddersen et al., 1998), ‘preferred insect food items for farmland birds’ such as skylarks, lapwings, grey partridges and pheasants (Potts, 1986; Chiverton and Sotherton, 1991; Hald et al., 1994) and numerous other arthropod groups (Hald et al., 1994; Reddersen et al., 1998) and even birds (Potts, 1986) where the availability of seeds from weeds in the stubble fields in winter is important in the diet of seed-eating farmland birds (Moorcroft et al., 2002;) and small mammals (Tew et al., 1992).

Therefore, the weed cover, even though visually assessed, might be a good indicator of the indirect benefits to (non-species specific) fauna, i.e. relating to the functionalist view. Sotherton (1998) also stresses that the cereal ecosystem potentially is a diverse habitat for wildlife. 

 In all cereal crop fields total weed cover (%) was estimated by eye at a 450 angle at the growth stage 53 to 59 (heading) following the decimal code of Lancashire et al. (1991. A total of five replicate samples equally distributed over each field and year were used to calculate a mean weed cover in each field. A farm average (weighted by field size) was calculated as the indicator ‘average weed cover in cereal fields, %’. 

The effect of farm, soil, year on weed cover was tested statistically as described in Halberg (1999) with multiple linear regression procedure with stocking rate included as a regression predictor in a stepwise procedure (Weisberg, 1985) using the General Linear Models procedure (SAS, 1985).

Uncultivated biotopes – structural indicators

In farmland, the absence of regular soil cultivation is, in some areas, an essential prerequisite for the establishment and maintenance of most perennial vegetation and most animal species, particularly those of conservation interest. Therefore, an indicator of this simple structural landscape feature was included, ‘total uncultivated biotope area, %’

This indicator has also been used in other European attempts to include biodiversity goals in the development of organic farming systems under the heading ‘Ecological Infra-Structure Management’ (Vereijken et al., 1995; Bol and Peeters, 1995). 

All small biotopes (< 2 ha) were visited and recorded by technicians once in 1996, and the amount of uncultivated biotope sites (small biotopes not including permanent grassland) was calculated as percentage of all farmed agricultural land (including permanent grassland, but rented land not included). This was used as an overall indicator of the fraction of total farmed area left as habitat for non-field species or field species, some of which occasionally are depending on protected non-field habitats. Larger biotope sites, e.g. larger woods and wetlands, were only included with fringes towards fields (width 20 m, Mayrhofer and Schawerda, 1991) because the focus was on the connectivity (Forman, 1995) between the farmed land and the flora and fauna in small biotopes (Brandt, 1992). The field surveyors were recording the location, size, type and vegetation of small biotopes on datasheets and maps by following standardised procedures largely based on Agger et al. (1986) and Brandt (1992). The cover of different types of biotopes, such as wetlands, was measured separately within the overall cover. Thus, the following structural landscape indicators were, ‘total uncultivated biotope area’ (total ha and % of owned farm area), and ’uncultivated biotope type proportion’ (the fraction of hedgerows, of open water cover and of waste dumps). Statistical tests were performed as described for “average weed cover”. 

 Uncultivated biotopes – biological indicators

In most farm and nature management studies, the concern for biodiversity has resulted in the use of ‘total species richness’ of one or more organism groups as the biodiversity measure. However, biological organisms compete and some have adaptations, which make them thrive under current agricultural practices and become very abundant and widespread – often in a critical way where many other species may be excluded. 

In order to improve the precision of species richness and abundance as biodiversity indicators, we discriminated among plant and among butterflies based on functional groups identified by Grime (1979) and Hodgson (1986 and 1993). These authors showed that species within simple functional groups share common life history traits, and recent development in distribution and abundance were similar within groups and differed between groups. In general, ‘stress-tolerant plants’ and ‘low mobility butterflies’ have declined in abundance and distribution (Hodgson, 1986; 1993). Some such species have become very rare locally or even extinct, but other such species are still common enough to be monitored on farmland (e.g. bluebell (Campanula rotundifolia) and common blue (Polyommatus icarus)). Reasons for declines have been habitat destruction, mechanical disturbance, soil eutrophication, pesticide drift from neighbouring fields and cessation of extensive grazing and hay-cutting (Pripp and Wind, 1996; Stoltze and Pihl, 1998). Thus, stress-tolerant plants and low mobility butterfly species may be more reliable indicators of conservation value and ‘wildness’ than total species richness measures and may identify the position of local, undisturbed habitats. The species were evaluated individually, but was thought to represent remnant fragments of original Danish habitat types (Anonymous. 2000a). 

In plants, we assigned all species to one of four conservation value groups: high value (+2 pts.), intermediate (+1 pt.) and negative value species (- 1 pt.) as well as species not considered (0 pts.). The high value and intermediate value species mainly comprised Grime’s highly and intermediately stress tolerant species, respectively, but also included herbs which are indicators of old forest and shrub remnants such as Anemone nemorosa, which may persist in old hedgerows and forest fringes (Table 2a). The negative value species comprised the most competitive species characteristics of eutrophicated environments. Ruderal species were excluded from indicators as they will often occur only transiently in uncultivated biotopes following a mechanical damage. Trees and tree seedlings were also excluded as we focused on spontaneous herbal communities. The distinctions made between the four plant groups were not exact and may have to be discussed and modified in future work.

In butterflies, we distinguished between high and low mobility butterflies based on Hodgson (1993) supplemented by information given by Stoltze (1996; pers. comm.; Table 2b). High mobility butterflies were excluded from indicators as they are not dependent on remnant, old undisturbed habitat, but rather exploit weeds or competitive plant species as larval hosts, travel considerable distances and readily find and colonise new or vacant habitats. In consequence, they have generally become abundant and widespread even in intensive farmland. Also, high mobility butterflies are often encountered far from larval habitat. Low mobility butterflies were included as indicators since they are dependent on stress-tolerant plants as larval hosts, low vegetation height and stable undisturbed habitat. Low mobility butterflies are almost never encountered away from their larval habitat. 

Table 2: Examples of plant species (a) and butterfly species (b) found in uncultivated biotopes and the conservation value groups they were assigned to.

A:

	High conservation value

(Stress tolerant spp.: +2)
	Intermediate value

(Intermediate spp.: + 1)
	Negative value

(Competitive spp.: -1) 
	Omitted species

(Ruderal and tree spp.: 0)

	Anemone nemorosa

Campanula rotundifolia

Galium verum

Pimpinella saxifraga

Trifolium medium

Viola riviniana
	Achillea millefolia

Agrimonia eupatoria

Deschampsia caespitosa

Lathyrus pratensis

Prunella vulgaris

Vicia cracca
	Anthriscus sylvestris

Arrhenatherum elatius

Artemisia vulgaris

Dactylis glomarata

Elymus repens

Urtica dioeca
	Capsella bursa-pastoris

Myosotis arvensis

Poa annua

Stellaria media

Tripleurospermum inodora

Viola arvensis


B:

	High conservation value indicators 

(low-mobility spp.)
	Low conservation value indicators 

(high-mobility spp.)

	Aphantopus hyperantus (Ringlet)

Coenonympha pamphilus (Small Heath)

Lycaena phlaeas (Small Copper)

Orchlodes venata (Large Skipper)

Polyommatus icarus (Common Blue)

Quercusia quercus (Purple Hairstreak)

Thymelicus lineola (Essex Skipper)
	Aglais urticae (Small tortoise)

Cynthia cardui (Painted Lady)

Inachis io (Peacock)

Issoria lathonia (Queen of Spain Fritillary)

Pieris brassicae (Large White)

Pieris napi (Green-weined White)

Vanessa cardui (Red Admiral)


In the uncultivated, small biotopes, the herbal vegetation was sampled in late June and July 1997 by two botanists. Within most biotopes, three sampling areas were laid out equidistantly along the entire length of the biotope. Each sampling area was 10 m long. The width was variable reaching from 0.4 m from (unstable) field edge to the biotope middle (maximum width 10 m at forest fringes, etc.) as we prioritised the inclusion of likely vegetation gradient away from field edge over fixed sampling area. Thus, wide hedgerows were allowed to express their increased species richness resulting from longer vegetation gradients perpendicular to hedgerow length. The effect of unequal sample areas was partly compensated for by cover estimates. Sampling areas were searched intensively and all non-woody plant species were recorded and their cover (%) estimated by the eye within cover classes: 100-50, 50-25, 25-10, 10-5, 5-1, 1-0.1, and <0.1 and were scored by class upper limits. On some farms, a number of biotopes immediately appeared similarly impoverished hosting only few and competitive plant species. As focus remained on the identification of remnant conservation value sites, some of those were not investigated further, but only noted on maps as ‘species poor competitive plant community’.

Plant species richness was calculated separately within each indicator group, both per biotope (pooling across sampling areas) or per farm (pooling across biotopes). Finally, farm maps were produced, showing the distribution of plant species richness of both high and intermediate value species.

Butterflies were recorded in two years 1997-98. Local, skilled amateurs established and measured line-transects along the entire length of most uncultivated biotopes on the farms. Here, they performed line-transect butterfly counts with all transects censused once at each of three sampling dates, June 1., July 1., and August 1., following a manual based on standard butterfly census procedures (Pollard et al., 1975; Pollard, 1977). A few biotopes were too small to allow a lay out of transects.

The butterfly indicator only included low mobility species that were pooled across species and the three recording dates. ‘Low mobility butterfly species richness’ was calculated per biotope and in total per farm and ‘low mobility butterfly species abundance’ was calculated as mean abundance per 100 m line-transect length within farm. On one farm, butterfly counts were not completed and hence, data were omitted. Finally, farm maps were produced using only 1997-data (presented to farmers in winter 1997-98) showing the species richness and abundance of low mobility butterflies in uncultivated biotopes.

2.5 Presentation of indicators to farmers

The indicators were presented to farmers as part of a yearly green accounting with indicators for resource use and environmental impact (Sørensen et al., 2001). For each farm, wildlife quality indicators were presented in tables (Table 3) and maps (Figure 1) and were accompanied by a brief explanation of methods used and indicator relevance to conservation values. A short evaluation of farm wildlife quality status was also given as well as advice concerning risks and possibilities for future management. The indicators ‘weed cover in cereal fields, %’ and ‘total uncultivated biotope area, %’ were presented to the farmers for three (1995, -96, -97) and two (1996, -97) consecutive years, respectively, and the other indicators were presented to the farmers for one year (1997). An example of the accompanying farm evaluation is given below for farm No. 1 (Table 4).

Table 3. Case example of presentation of indicators and supplementary information concerning nature values (farm No. 1).

	Indicator
	Farm No. 1
	
	Farm average

(N = 8)

	
	
	
	

	Wildlife in rotational fields:
	
	
	

	Weed in cereal crops, mean (%)
	22
	>
	15.8

	
	
	
	

	Uncultivated biotopes < 2 ha, physical structures
	
	

	Total area (ha)
	2.7
	
	na

	Total area (% of total farm area)
	2.2
	(
	4.7

	- fraction of: Hedges (% of biotope area)
	14
	<
	42

	- fraction of: Wet areas
	2.2
	<
	9

	- fraction of: Area with waste 
	0
	<
	3

	
	
	
	

	Flora in small biotopes:
	
	
	

	High value spp.: Total number on farm 
	3
	<
	12.5

	Moderate value spp.: Total number on farm
	41
	<
	50.5

	Negative value spp.: Total number on farm
	11
	(
	10.8

	
	
	
	

	- High value spp.: Mean number per biotope
	0.2
	<
	1.0

	- Moderate value spp.: Mean number per biotope
	7.7
	<
	9.9

	- Negative value spp.: Mean number per biotope
	6.0
	(
	5.3

	
	
	
	

	Butterflies in small biotopes:
	
	
	

	- Number of low mobile species/farm
	10
	(
	10.4

	- Number of low mobile specimens/100 m
	7.8
	>
	6.6

	
	
	
	


Table 4. Case example of presentation of supplementary information and advice accompanying nature value indicators on an organic farm (farm No. 1)

Table comments

Evaluation

· The number of conservational plant species in categories ‘high’ and ‘intermediate’ was considerably below farm average – and that applies to total species number within the whole farm as well as mean species number per biotope. Correspondingly, the number of species of negative conservation value was slightly above farm average.

· The number of low-mobility butterfly species was close to average, while mean butterfly abundance was actually above farm average.

· Small biotopes are few, narrow and mainly located at farm periphery towards neighbouring conventional farms or roads.

· Generally, small biotopes host rather few valued species – disappointingly few considering many years of organic farming. Satisfactory butterfly farm diversity and abundance means are mainly ensured by a few very valuable biotopes around permanent pasture field No. 12. 

Advice (examples)

· There is a potential for more plant and butterfly diversity on the farm due to the special uncultivated coastal areas.

· The best places on the farm in terms of wild flora are the biotopes along public roads and the permanent grass field (field No. 12) where they have been protected against conventional farming methods from one or both sides. There could be a risk for too high a grazing pressure on the permanent dry grassland.

· Establishment of permanent grass fields at the far end of fields 2 and 3.2 could possibly develop positively (e.g. for wildlife). 

· Normally the wildlife content may be improved by clearing to allow for more light at the bottom and a net removal of nutrients in the biotopes. Some biotopes would be improved by being broadened.
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Figure 1.
Field map for farm No. 4 showing the registered uncultivated biotopes, 1996-97. Numbers in circles show observed plant species of high (above line) and intermediate (below line) conservation value, respectively (see text for explanation).

2.6 Evaluation of the farmers’ reactions towards the indicators 

In March 1998, seven of the eight farmers were interviewed to reveal their experiences with the participation in the ethical accounting process, their attitudes towards the applied indicators and how these have influenced their perception of wildlife quality and their decision making (one farmer was not interviewed due to circumstances not related to this project). 

With the aim to get an in-depth understanding, a qualitative semi-structured interview method was applied (Kvale, 1983). An interview-guide organised in five themes was developed and for every theme a checklist of questions was formulated to ensure that all relevant aspects were included, but leaving room for the farmers’ own narratives and choice of relevant issues of how they experienced and perceived the indicators (Kvale, 1983). Each interview lasted 1½ to 2 hours and was taped. The five themes included were:

1. The farmer’s general perception of the current problems within agriculture, 

2. The farmer’s logic and principles behind the management of the farm, 

3. The farmer’s use of planning and decision support tools, 

4. The farmer’s experiences with the green accounting and his perception of the presentation, 

5. The farmer’s idea of nature and landscape and his perception of the presented wildlife quality indicators. 

In the analysis we applied a widely accepted distinction between analytical decision-making, mainly based on figures, and intuitive decision-making based on experience/tacit knowledge (Sjöberg, 2003; Noe and Halberg, 2002).

The analysis and interpretation of the interviews were carried out in two major steps. First, each interview was analysed, interpreted and presented with respect to the individual farm. Second, the cases were analysed across farms for general patterns of attitudes towards the wildlife quality indicators presented. 

3  Results

3.1 Variation in weed cover

The average weed cover on the farms over the three years varied between 3 and 17% (Table 5), but there were no significant differences between farms and years. There was a large variation between individual fields on the farms within each year. Except for farm No. 3, all farms had fields (4 ha or more) of more than 20% weed cover for at least one year, and five farms for at least two or three years. All farms had fields of less than 5% weed cover for at least two years (six farms for all three years), but with very different proportions in the different years (Table 6).

There was no significant difference between cereal types across farms (results not shown). The average weed cover in winter and spring sown cereal was 7 and 8%, respectively, while the percentage was 12% in cereals undersown with grass-clover (results not shown).

Table 5.
Indicators of wildlife quality: summary of values presented to farmers on eight organic dairy farms, 1996-97

	Farm No.
	1
	2
	3
	4
	5
	6
	7
	8
	Avr.

	
	
	
	
	
	
	
	
	
	

	Weed cover (%) (1)
	13
	13
	3
	8
	13
	17
	9
	12
	11

	% uncultivated biotope area
	3
	< 1
	8
	4
	4
	8
	3
	4
	4

	- fraction of (2): Hedges
	14
	27
	45
	45
	46
	37
	45
	74
	42

	- fraction of: Wet areas
	2
	3
	1
	2
	23
	36
	3
	3
	9

	- fraction of: Area with waste
	0
	0
	1
	1
	8
	3
	9
	0
	3

	
	
	
	
	
	
	
	
	
	

	Number of high value plant species 
	per farm
	3
	3
	11
	18
	14
	21
	11
	19
	13

	
	per biotope
	0.2
	0.4
	0.8
	1.3
	1.3
	1.6
	1.1
	1.6
	1.0

	
	
	
	
	
	
	
	
	
	

	Number of medium value plant species 
	per farm
	41
	35
	38
	58
	54
	69
	64
	45
	51

	
	per biotope
	7.7
	10.7
	7.3
	9.6
	9.6
	12.9
	11.1
	10.2
	9.9

	
	
	
	
	
	
	
	
	
	

	Number of low-mobile butterfly species 


	per farm
	10
	8
	nd
	10
	11
	16
	12
	6
	10

	
	per 100m
	7.5
	6.5
	nd
	4.8
	6.3
	9.5
	7.5
	1.8
	6.3


1)
Weed cover % = average over three years, LS means

2)
% of biotope area

Table 6. Partition of cereal field area (%) on four weed cover classes by farm in three years (1994, 1995, 1996)

	Farm No.
	1
	2
	3
	4
	5
	6
	7
	8

	Weed %
	94
	95
	96
	94
	95
	96
	941)
	95
	96
	94
	95
	96
	94
	95
	96
	94
	95
	96
	94
	95
	96
	94
	95
	96

	< 5
	50
	25
	5
	48
	61
	
	94
	55
	79
	60
	41
	47
	
	4
	19
	17
	42
	
	18
	77
	68
	20
	40
	62

	5-9
	20
	42
	18
	52
	39
	19
	6
	19
	21
	11
	36
	22
	44
	32
	51
	12
	25
	34
	19
	23
	32
	33
	27
	

	10-19
	20
	21
	42
	
	
	
	
	26
	
	29
	10
	
	27
	18
	29
	12
	15
	45
	42
	
	
	13
	26
	16

	> 20
	10
	112)
	36
	
	
	81
	
	
	
	
	13
	31
	28
	46
	
	59
	17
	21
	21
	
	
	34
	7
	22


1)
Not organic

2)
Sum add to 99% only due to rounding off of decimals

3.2 Variation in uncultivated biotope area and structure

The variation between farms in the indicator values was large (Table 5). One farm had almost no land left uncultivated (farm No. 2: uncultivated biotope area = 0.3%), while two farms had more than 7.5% uncultivated biotope area. This difference could be explained in part by differences in soil type (there is a strong tradition of planting hedges on sandy soils to stop wind-erosion), but even after correction for soil type there was a significant difference between farms due to the combination of management and natural conditions. For each farm a map was constructed illustrating the abundance and connectivity of small biotopes (Figure 1). Thus, the indicator can illustrate for the farmer the consequences of different choices regarding land use.

3.3  Conservation values in uncultivated biotope vegetation 

A total of 147 small, uncultivated biotopes were sampled across the eight farms (mean number per farm = 18, range 11-22), and the 3x10 m long sampling areas covered about 15% of total biotope length. Species richness of high conservation value species varied greatly between farms (at farm scale: range 3–21, at biotope scale: range 0.2-1.6, Table 5) and the lowest farm species richness was found on the clay soil farms with the longest history of organic farming (cf. Table 1). For intermediate value species, the between-farm variation in species richness was much smaller (total farm range 35-69, biotope range 7.3-12.9). For negative value species, both between-farm and between-biotope variation was even smaller (not shown). Thus, variation in species richness decreased with decreasing conservation value.

A total of 263 herbal plant species were recorded in uncultivated biotopes across all eight farms (Table 7). However, 81 species (31%) were not used as indicators being either weed-type plants (75 spp) or tree seedlings (6 spp). In total, ’negative value species’ only comprised 14 species (5%), while ’high value species’ and ’intermediate value species’ totalled 49 and 119 species, respectively. Still, an average of 5.3 ‘negative value species’ occurred in each biotope, corresponding to 26% of mean biotope species richness. Thus, being very widespread and often dominant (cf. below), ’negative value species’ contributed considerably to species richness at biotope level. 

Table 7.  Species richness and frequency of species dominance in herbal vegetation of uncultivated biotopes on eight farms. 

	
	Spp. no. (whole material)
	Mean species richness

(species per biotope)


	Dominant spp.

(cover >10%)

	
	Stot
	Stot
(%)
	Farm range Stot
	S
	S

(%)
	Farm range

S
	Cases
	Cases/spp.

	Not used as indicators:
	
	
	
	
	
	
	
	

	Weedy spp.
	75
	(29)
	9 -  47
	4.2
	(21)
	1.3 - 7.2
	19
	0.25

	Tree seedlings
	6
	(2)
	0 - 3
	0
	(0)
	0 - 0.1
	1
	0.17

	Used as indicators:
	
	
	
	
	
	
	
	

	‘Negative value spp.’
	14
	(5)
	8 - 12
	5.3
	(26)
	4.1 - 6.6
	584
	41.71

	’Intermediate value spp.’
	119
	(45)
	35 - 69
	9.9
	(49)
	7.3 - 12.9
	357
	3.00

	‘High value spp.’
	49
	(19)
	3 - 21
	1.0
	(5)
	0.2 - 1.6
	11
	0.22

	TOTAL
	263
	(100)
	
	20.3
	(100)
	
	
	


S(tot) signifies total species richness and S signifies species richness per biotope (across farms and within farms (range)). Dominant spp. (cover > 10%) counts all cases of species attaining cover > 10% in a sampling area across all vegetation samples - in total (Cases) and per species number within group (Cases/spp.). 
This sharply contrasts with the 49 ‘high value species’. They contributed considerably to overall species richness (19%) but were generally rare at biotope level: an average of only 1.0 ’high value species’ occurred in each biotope (Table 5) corresponding to only 5% of mean biotope species richness. The ’intermediate value species’ group took an intermediate position.

These differences between functional plant groups became even greater when including species dominance from species cover data. The 14 ’negative value species’ very often occurred as dominant (> 10% cover) in the vegetation with a total of 584 cases (average: 42 cases per species). In contrast, the 49 ’high value species’ almost never occurred as dominant with a total of only 11 cases (average: only 0.2 cases per species). Again, the ’intermediate value species’ took an intermediate position. 

Average ‘high value species number’ and average ‘negative value species number’ exhibited a negative correlation (R = -0.760; n = 8; P < 0.05) across farms, but while the trend was similar across all biotopes, it was not significant (R = -0.110; n = 148; P = 0.18). Thus, there were some indications that the plant groups were antagonistic.

Summarising, functional grouping had a marked effect on indicators, i.e. discriminating between conservation value species on one hand and competitive and ruderal species on the other, which will most often be competitive to the conservation value species. At biotope scale the latter species contributed almost 50% of the average species richness per biotope (9.5 out of 20.3 species), and between-biotope and between-farm variation increased when only conservation value species was considered. 

Figure 1 shows a pattern with many biotopes with no high value species and a few with more than five species. The example was typical for all farms: high conservation value plants were concentrated in a few remnant sites while they were virtually absent in most other sites.

3.4 Conservational values in small biotopes, low mobility butterfly species

Butterfly line transect counts were conducted along 172 small biotopes on seven farms. Line transects length varied between 4.3 and 6.0 km per farm covering 20-35 biotopes per farm. 

In total, 4,065 individuals of 28 butterfly species were recorded. Eight high mobility species contributed approximately half the recorded specimens, while 20 low mobility species contributed the other half (Table 8). Thus, high mobility butterfly species contributed more to overall abundance (number of individuals observed) than to overall species richness (number of species). While variation in high mobility species richness was very little between farms (6-8 species), it was considerable in low mobility butterflies species richness (6-16 species) (Table 8).

Table 8.  Species richness and abundance within high- and low-mobility butterflies using the latter as indicative of high conservation value of uncultivated biotopes on farms. 

	
	Spp. no.

(whole material)


	Mean abundance

(Indv./100 m transect)


	Min./max. abundance

(indv./100 m transect)



	
	Stot
	Stot
(%)
	Farm range Stot
	N
	N

(%)
	Farm range N
	Farm range, min. value
	Farm range

max. value

	Not used as indicators:
	
	
	
	
	
	
	
	

	High-mobility butterflies
	8
	(29)
	6 - 8
	6.19
	(50)
	3.2 - 9.5
	0 - 1.7
	12 - 27

	Used as indicators:
	
	
	
	
	
	
	
	

	Low-mobility butterflies
	20
	(71)
	6 - 16
	6.22
	(50)
	1.8 - 9.5
	0 - 1.1
	7.3 - 60

	TOTAL
	28
	(100)
	
	
	(100)
	
	
	


S(tot) signifies total species richness. Mean abundance per 100 m line transect (of entire material and range of farm means) is given along with variation among farms (range) in minimum and maximum transect butterfly abundance.

While mean group abundances of high and low mobility butterflies were very similar (6.2 individuals per 100 m line transect), the variation (ranges) tended to be larger in low mobility butterflies: low mobility butterflies exhibited a more aggregated spatial distribution, usually with one or few sites per farm, with very high abundance and diversity of low mobility butterflies. As for high and intermediate conservation value plant species, selecting low mobility butterflies as an indicator proved a useful tool for developing the often used indiscriminate species richness measures into indicators focusing on the few sites left with considerable remnant conservation value. 

3.5 Farmers’ experiences with the indicators

Table 9 summarises the individual farmer’s attitude towards and perception of the presented Wildlife Quality Indicators (WQI) in the context of his farm management, understanding of wildlife quality in relation to farmland and organic farming. 

Table 9. Summary of farmers’ experiences with the Wildlife Quality Indicators (WQI) - analysed and interpreted in the context of the farmers’ management and ideas of Wildlife Quality (WQ).

	Farmer No.
	1
	2
	3
	5
	6
	7
	8

	Decision making 
	Analytical
	Intuitive
	Intuitive
	Intuitive
	Intuitive/

analytical
	Analytical

 
	Intuitive/ 

analytical

	Idea of nature quality and farming 
	Observable game wildlife. 
	The farm as an organism - quality is harmony 
	A well-kept landscape cared by the farmer
	Not concerned
	Interested in wildlife, especially botany. 
	Beauty and nice nature experiences.  
	Interested in wildlife and ecology.

	Global view on the WQI
	Positive


	Negative 
	No interest 
	Negative: 
	Positive: 
	Positive: 
	Positive:  

	WQI and organic farming
	Stimulates reflection about nature quality. 
	Not useful. Biodynamic farming has to be developed through a dialogue on ideas and values. 
	
	Afraid of external (scientific) domination of organic agriculture. 
	Good tool for newly converted organic farmers to develop their farming practice.
	Stimulates reflection about nature quality. 
	Stimulates reflection about nature quality,.  


Four of the farmers (1, 6, 7, 8) expressed positive attitudes towards the presented WQI and towards the idea of using such indicators as a tool to communicate and reflect on the wildlife interest of their farms (Table 9). One farmer (2) was strongly critical towards the indicators, which do not at all fit into the biodynamic ideas of nature and farming, but he was quite positive towards the idea of participation in a dialogue about the nature qualities of the farm. One farmer (5) was negative towards the indicators, because he found the wildlife quality question unimportant compared to other aspects of organic farming. The last farmer (3) had not paid attention to the indicators and held a rather negative attitude towards the presented WQI and the dialogue process. 

From the seven cases two dimensions seem to explain the farmer’s attitude towards the presented indicators. The first dimension is connected with the decision-making processes of the farm and the other to the idea of nature quality. Farmers with a mainly analytical approach to farm management (1, 7) were positive towards the idea of applying indicators, even though they might disagree with some of the ideas behind the indicators presented. Farmers Nos 6 and 8 also had positive attitudes towards the WQI, but they explained their attitudes by their interest in the biological insight behind the indicators. As opposed to this, the very intuitively based farm managers (2, 3 and 5) did not pay much attention to the indicators. 

The farmers’ ideas of wildlife quality in relation to farmland appear to be important to the understanding of the farmers’ attitudes towards WQI. Farmers with a biological interest, e.g. in terms of botany (6) or ecosystems thinking (8), find the indicators very stimulating to discuss, and their positive attitudes towards the indicators were due to their a priori interests in the issues behind the indicators. Two farmers, however, did not engage in a dialogue directly based on the indicators, probably because they held a very different concept of wildlife quality, e.g. from a biodynamic perspective of a farm as an organism (2) or from the perspective of order and tidiness (3). 

If the farmer has neither a biological interest overlapping the WQI nor an interest in figures he seems very difficult to enrol into a dialogue about wildlife quality based on the presented indicators. Other tools for tools for visualising wildlife quality might be needed for such farmers. 

3.6 Views on the presentation and effect on management

All farmers, except 3 and to some extent 5, believed that the confrontation with the indicators and with the conservationist concept of wildlife quality had made them reflect on their own perception of wildlife quality and the qualities on their farm. Farmer No 1 stated that he had expected a much more positive picture of his old organic farm (compared to the other farms), which made him reflect more on his way of managing wildlife. Farmers 7 and 8 gave explicit examples of how the indicators had influenced their way of thinking: ‘we are now considering how we are managing the small-biotopes, how to link the biotopes together. Earlier, our cold brains never had that in mind’ (7) and ‘we now think twice before we plough old property boundaries or cut down trees’ (8). They had especially attained a more in-depth understanding of the wildlife quality of some of the uncultivated biotopes of their farms, and they were now looking for other elements of wildlife. 

To the question of the farmers’ view on the presentation of the indicators, five of the farmers explicitly stressed the importance of the personal dialogue following the presentation. Indicator data shall not and cannot stand alone, but need to be explained and related to the specific situation on a farm. As farmer 7 explained it: ‘if we had only the figures we would have been very annoyed’. For the more critical farmers, the indicators served as a basis for a more general discussion of wildlife quality that also includes the farmers’ perceptions and understanding of wildlife quality. Moreover, farmer 6 stressed that it is important that the presentation focuses not only on negative aspects, but emphasizes the positive. He also found it important to focus on realistic goals for action. Farms with few uncultivated biotopes, as farmer 2, obtained a very low score, which may provoke the farmers into a very defensive position that may block for further dialogue.

3.7 Wildlife indicators as a tool in organic farming? 

None of the farmers see the indicators and the concept as a part of organic farming. The positive farmers (1, 6, 7, and 8) found that the wildlife quality indicators (coming from someone outside organic farming) may stimulate the organic farmers to compare the goals of organic farming with the reality, and that this could help organic farmers to avoid becoming too self-satisfied. But, at the same time, one farmer (7) feared that such indicators could motivate the authorities to stipulate new regulation. One farmer (6) found that the indicators could benefit especially newly converted farmers, but he did not believe that the indicators would change much on old organic farms.

Contrary to this, farmers 2 and 5 were critical of the idea of applying wildlife indicators as a tool for internal development of ideas of organic farming. They claimed that the indicators did not represent fundamental ideas of organic farming fairly and even could compromise the ideals of organic farming. Farmer 5 feared an outside domination of the ideas of organic agriculture and he believed that the concept of wildlife quality indicators would be more relevant to conventional farmers. 

4 Discussion

4.1 Did the indicators work from a conservationist viewpoint?

The simple indicator, ‘totally uncultivated biotope area, %’ highlighted that some organic farmers in our study actually cultivated nearly all their land leaving less than 1% as uncultivated habitat. However, given that a farm has a minimum uncultivated biotope area, e.g. 5 %, this indicator tells little about the conservational wildlife quality of the habitat. 

We developed new and more specific conservation value indicators using stress tolerant and habitat sensitive plant species and low mobility butterflies. They were more precise and ecologically meaningful from a biological and conservational point of view and the ecological principles and mechanisms behind were rather simple. Our biodiversity measures exclude a number of very abundant plant and butterfly species, which actually indicate poor rather than high conservation value. Inclusion of data from other species groups into conventional biodiversity/species richness measures rather tended to obliterate variation between sites of different conservational value. 

The reproducibility of the butterfly indicator was fairly good, especially for the low mobility butterflies: low and high mobility butterfly counts in 1997 were correlated to counts 1998 within line-transects across farms (R=0.587; P<0,01 and R²=0.276; P<0.01, respectively; n=172) and this pattern was largely similar when analysing line-transects within farms (Reddersen, 2000). Also, we believe that the reliability of the herb vegetation data is very high, especially due to the large sampling area (average 15% of total biotope area), as the detected conservation value sites were often concentrated in protected sites and with “conservation value hot-spots” often coinciding for plants and butterflies (not tested as hot spots; were too rare). A more detailed analysis of methods and biological relationships between the indicators and the agro-ecosystem have been presented in other papers (Clausen et al., 1998; Reddersen et al., 1998; Holbeck et al., 2000; Clausen et al., 2001) 

In the methods section, we have argued why we believe that our biological indicators are more relevant to specific conservation issues than most other indicators often used (e.g. several papers in Isart and Llerena, 1995; MacNaeidhe and Culleton, 2000). We claim that the advantage of our indicators is that they are based on the biological fact that modern agriculture has not resulted in all species declining, but rather in most species declining while a few species are actually thriving (nature is still very lush and green, and garden butterfly species and roe deer are numerous, which is what is recognized by many people including farmers). On the other hand, our biological distinctions were few and simple (three to four plant groups with traits mainly responding to soil cultivation and fertilizer use or misplacement, and only two butterfly groups, based on mobility, responding to remnant habitat and habitat stability). 

Thus, both for educational and scientific reasons, indicators of conservation wildlife quality are much improved by excluding species which are not relevant or even contradictory to conservation goals.

4.2 Indicators discussed from a management point of view

Generally, it is important that agri-environmental indicators are useful in farm management in the sense that it is possible for the farmers to react to, and thus influence, future results. It is also important that the indicator values express differences in farm management (Halberg, 1999). On the organic farms there were usually above 5% weed cover in cereal fields since it was difficult to control weeds, especially in fields with undersown grass-clover. A few farms had a high proportion of cereal field area with less than 5% weed cover. Hald (1999) reported a higher biomass and diversity of weeds in organic compared to conventional fields accompanied by higher insects densities and species richness. Therefore, the indicator might not contribute with much new information if one assumes that farming organically ‘automatically’ secures 5-15% weed cover. However, analysing eight years’ weed data obtained from eight organic farms (including four of the farms from this study) Rasmussen et al. (1998) found that organic farm management, especially crop rotation and the degree of weed harrowing, was an important determinant of weed populations. Moreover, the improvement of preventive methods and mechanical weed control is currently a key issue of both research and practical testing. The present increase in organic cash crop and grain production might lead to organic farms with almost as intensive weed control as conventional farms. Therefore, it might be relevant in the future to use the proposed indicator showing the balance between production interests and biodiversity. Recent experience suggests that up to 2-5% weed dry matter (corresponding to min. 5% visual cover) in a cereal crop will be financially acceptable (Christensen and Holst, 1998; Zenin and Sattin, 1998; Anonymous, 2000b; Rasmussen and Rasmussen, 2000). 

The uncultivated biotope area (%) may vary between the farms as a consequence both of the natural conditions and topography on the farm and of the farmer’s (and previous farmer’s) interest in nature and wildlife. This makes it difficult to find a reference value from which to evaluate the amount of uncultivated biotopes on the individual farms. However, even on farms without woods, bogs, and ponds it is possible for the farmer to create hedgerows and other biotopes if he wants to. Discussions with Danish farmers in this and other investigations show large differences in farmers’ motivations for conservation and/or establishment of more ‘uncultivated’ biotopes (Busk, 2002). In other projects with integrated and organic farmers a threshold of 5% biotope area was suggested (Vereijken et al., 1995). However, the conversion of land, previously farmed intensively, into new, uncultivated biotopes will hardly contribute significantly to the conservation of wildlife values as defined by wildness criteria. Due to various ecological inertias, biotopes that have deteriorated due to soil euthrophication, pesticide use or habitat destruction will only slowly, if ever, recover and attain the original a-biotic and biotic quality. This is why we do not find that a structural indicator such as ‘% small bioforce’ can stand alone and consequently should be supplemented with more biological indicators. The biological indicators used here show where sites with high conservation still exist on a farm and this could have importance for the management of field boundaries etc. 

4.3 The indicators from the organic farmers’ point of view

Other studies have shown that farmers’ use of account data and other quantified information in their farm management differs with different ways of organising and managing their farms (Leeuwis, 1993; Ohlmér, 1998; Noe, 1999; Noe and Halberg, 2002). Our results support the assumption that the farmers’ attitudes towards the indicators, to some extent, are related to their general interest in quantitative farm data. A survey among organic farmers in Denmark reveals that about 33% of the farmers are really interested in including ethical figures in their management while about 25% are very unlikely to include such figures at all. Furthermore, the interest in ethical figures was almost uncorrelated with the attitudes towards environmental concerns, but very strongly correlated to their management strategies (Noe and Halberg, 2002). 

The results also show that the wildlife quality criterion used (which was based on biological and public goals for nature conservation) was not necessarily identical with the values of organic farmers. However, it proved possible in most cases to establish with the farmers a dialogue that made some of them interested in wildlife values in uncultivated biotopes. This interest was strongest when flora and butterfly recordings from specific biotopes within the farm were used to visualise for the farmers the values in question. 

The interviews confirmed that farmers might find it more interesting to deal with the part of nature that they can manage in the sense that they actively contribute to landscape and wildlife values. Leaving some areas more or less undisturbed may even be considered negative, e.g. as lack of control. 

This focus on re-establishment rather than conservation may be caused by the fact that farmers often are unaware of the conservational wildlife quality of the various biotopes on their land. They might not necessarily disagree with the conservation criteria, but they do not know what to look for. Moreover, the wildlife or game advisors often lack the knowledge and tools necessary for giving wider wildlife quality recommendations (Adams et al., 1994). Thus, farmers are seldom aware of the wildlife quality difference between conservation of an existing biotope and the establishment of another biotope in a place more practical for field operations. Our results show, however, that some farmers are willing to accept the wildness criterion at least as part of their wildlife quality perception if such views are explained to them in a dialogue. It is therefore important that assessment of wildlife quality is carried out in a dialogue between farmers and biologists (and possibly local authorities) and that the farmers’ opportunities for conserving or enhancing these wildlife values are included in this debate, as also demonstrated by Burgess et al. (2000). This may again make the farmers reflect on their own values in relation to wildlife.

The farmers gave no examples of specific decisions or actions taken due to the presentation of the indicators, but several farmers stressed that the introduction of the indicators had made them aware of new qualities of their farms and that the process had made them reflect on their own perception of wildlife quality. This suggests that the effect of introducing wildlife quality indicators should be understood as mainly a long-term change of the farmers’ way of understanding wildlife quality. 

The farmers involved did not perceive the indicators as specifically reflecting the organic ideas and values. This could be explained by 1) the fact that the indicators do not reflect the functionalist views on nature quality and 2) the fact that the focus on nature quality within the organic movement is not very strong compared to the issues of environment and resource management, despite the principal aims of organic farming. At the same time, however, there was an overall agreement among the farmers that as an organic farmer it was fruitful to be confronted with other views on wildlife quality to secure a dynamic development of organic farming. This enhances the contention of this article that even though nature quality is included in the principal aims of organic farming the society’s interests in nature quality is not necessarily met by organic farming. Wildlife quality indicators can work as a basis for a dialogue between organic farmers and the society. 

4.4 Including wildlife quality indicators in future farm management 

We find that there is a need for advisory tools to produce biodiversity and conservation plans that highlight the specific sites on a farm where conservational wildlife qualities still exist. These should be in the form of biotope maps presenting well-known and explained indicator values. This idea is in line with Ovenden et al. (1998), who anticipate that conservation efforts under the (European Union) agri-environmental schemes will give priority to the habitats described in the published Biodiversity Action Plans, including cereal field margins and ancient and/or species-rich hedgerows. However, we also recommend a simultaneous dialogue with the farmer concerning threats to such valuable biotopes. Such a dialogue is necessary to promote voluntary action by the farmers even if the conservation is supported by financial incentives (Bowers, 1999; Just et al., 1996; Burgess et al., 2000). 

The indicators should help the farmers and advisors to focus on these qualitative rather than quantitative aspects. It is therefore important that the indicators applied are understandable and observable for the farmers, as it has been proved was the case with butterflies and easy identifiable flowers. This again stresses the importance of using relatively simple indicators to point out biotopes with high conservation value. We suggest the development of a list of easily recognisable plant species among our high, intermediate and negative conservation value species (cf. examples given in Table 2). For butterflies, in most cases, all species within entire subfamilies are either high or low mobile (e.g. Skippers Hesperiidae, Hairsteaks, Coppers and Blues Lycaenidae and Satyrinae may all be considered low mobility species). This could be developed into an easy-to-use manual for field-technicians for the identification and enumeration of relevant plant and butterfly species/groups and, subsequently, mapping sites on a farm with particular conservation value. The Danish advisory service is already involved in the development of farm landscape plans as a service to farmers. Therefore, the idea of using selected plants and butterflies as indicators is not unrealistic. Moreover, advice should be given on the protection and management of the conservation value sites and, in some cases, even how to extend their area in selected locations (a Danish catalogue of ideas was presented by Reddersen et al., 1999). 

The criterion of wilderness, however, was only partly applicable to farmed land, since the idea of ‘wildness’ is contradictory to the very goal of farming. It might also be a problem that this criterion above all focuses on the conservation of remnant biotopes and leaves the farmer very little possibility to enhance the wildlife quality in the future (or to make up for biotopes that have already been destroyed). Moreover, organic farmers often have other ideas of wildlife quality (Alrøe and Kristensen, 2000) related to the functionalist view. This was also reflected in our interviews with the farmers and leads to the suggestion that further development of indicators is needed to include both compositionalist and functionalist ideas of nature quality. Our weed percentage was a first attempt at a functionalist indicator. Other relevant examples are the total biotope area including the use of insect banks constructed and indicators for crop diversity (Vereijken et al., 1995).

Our point here has been to demonstrate that improving biodiversity solely from a functionalistic motive does not necessarily take into account biodiversity from a conversationalist viewpoint. Therefore, this aspect should be included consciously in order to make the indicators interesting from a societal perspective (which is highly relevant for both organic and conventional farmers in relation to agri-environmental support schemes).   

5 Conclusion

Organic farming does have a large potential for future conservation of remnant biotopes and species because of the lower impact from pesticides and nutrients, but for various ecological and agronomic reasons organic farming does not automatically secure or restore wildlife values from a conservationist point of view. 

Indicators for wildlife quality have been developed which build on explicitly formulated criteria for nature values. The indicators “weed cover in cereal fields, %’ and “totally uncultivated biotope area, %’ relate to the structural conditions for the abundance of wild flora and fauna on a farm. In the uncultivated biotopes and on meadows, abundance and species richness of low mobility butterflies and susceptible plant species were useful for identifying sites with remnant conservation values – they were useful both methodologically and in the dialogue with the farmers. The indicators are relatively simple to use (or may be developed as described above to be so) and to explain and have proved to be operational and understandable for farmers. 

It seems important for a future concept of a farm wildlife plan to present to farmers a view of conservation wildlife values different from the ones most of them have already (e.g. functionalist or related to game management). The indicators presented and the method of selecting susceptible species may be a useful starting point for this in various European localities.

The wildlife quality indicators should be used as a part of an advisory service concept where the farmer involves himself in the production of a farm nature map and plan. The explicit values behind the indicators facilitate a discussion of wildlife quality with farmers, which seems to be important for their acceptance of the idea of finding locations on their farm that merit special attention or protection. The farmers’ reactions to the indicators varied according to their own ideas of wildlife qualities or ecology and depended on the way they normally apply quantitative data in their farm management, but the general idea of facilitating a dialogue of these aspects proved a success, and most farmers have increased their awareness of different wildlife values during the process. This seems to be a precondition for conservation efforts in farmed landscapes that address both the conservational wildlife quality aspects and other more practical aspects such as creating new biotopes suitable for game or beneficial insects.

The type of indicators and the approach presented may be useful also within conventional agriculture’s search for new guidelines for good farm management, for example under Agenda 2000. However, it is necessary to test these ideas on a wider range of farmers and to test the reproducibility and practicality of the indicator system developed for use by local technicians or advisors.
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