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ABSTRACT. The present study analyses the effects of multifunctional areas
(MA) for three years (2013-2015) on an intensive multi-crop farm in Portugal.
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Introduction

Mediterranean landscapes are rich in evergreen species, frequently intersected by areas of
brushwood, pasture, and farming. Near these areas, however, it is often possible to identify
zones that have regained their highly diverse natural communities after the cessation of
human intervention (Pungetti, 2003; Jiménez-Peydré & Peris-Felipo, 2014). This favours the
proliferation of hotspots in Mediterranean ecosystems (Myers et al., 2000). Despite the huge
resistance posed by Mediterranean biotopes to human pressure, isolation and fragmentation
are unavoidable (Pungetti, 2003).

Agriculture is considered as one of the key drivers of biodiversity loss, although the
ways in which it affects species are complex (Foley, 2011, Dudley & Alexander, 2017).
Despite this loss, agriculture and biodiversity have a direct connection that provides
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additional values (Erisman et al., 2016). The use of hedges or field margins in the landscape
create a specific habitat for insects, birds, plants and other animals (Schumacher, 1984; De
Snoo, 1999; Marshall & Moonen, 2002; Jacot et al., 2007; Smith et al., 2008; Haddaway et al.,
2016; Nowakowski & Pywell, 2016). This fauna have a high nature value because it can
support agricultural production, e.g. through the attraction of pollinating insects or
beneficials that can regulate pest populations (Brussaard et al., 2007; Smith et al., 2008;
Haddaway et al., 2016; Nowakowski & Pywell, 2016).

For many years, several authors have been documenting the positive effects of
multifunctional areas (MA) (hedgerows, field margins, floral margins, or flower strips) on
biodiversity, enhancing birds, insects and small mammal diversity and abundance, offering
resources, and reservoirs (Marshall & Nowakowski, 1995; Holland & Fahrig, 2000; Meek et
al., 2002; Roy et al., 2003; New, 2005; Smith et al., 2008; Morandin & Kremen, 2013; Tschumi
et al., 2015, Haddaway et al., 2016; Holland et al., 2016; Castle et al., 2019; Kremen et al.,
2019; Holden et al., 2019; Albrecht et al., 2020).

In this paper, the benefit of multifunctional areas (MA) to enhance biodiversity is
analysed on an intensive alfalfa field in Portugal.

Material and methods
Area of study

The experiment was carried out in one farm located in Alcidcer do Sal in Portugal
(38°22'34.22" N, 8°31'28.92" W) (Fig. 1A). The region is characterized by a Mediterranean-
subtropical climate, with average temperatures above 17° C and an annual rainfall between
500-600 mm (IPMA, 2020). The farm is characterized by great variety of crops such as rice,
alfalfa, wheat, corn, vineyards and vegetables and by activities such as stud and cattle
breeding, by cork production (Fig. 1B). In the present study, the selected key crop was
alfalfa where the agricultural practices such as tilling, sowing, fertilization and phytosanitary
treatments remained unchanged and crop management measures were confined to the cop,
trying not to interfere with the MA.

i Portugal
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MA plant selection

The MA, within an area of 50 m x 6 m (300 m?), was planted in one of the crop margins by
using a herbaceous mixture of Borago officinalis (10% of composition), Calendula officinalis
(22.5%), Coriandsrum sativus (10%), Diplotaxis catholica (5%), Echium vulgare (5%), Melilotus
officinalis (12.5%), Nigella damascena (5%), Salvia verbenaca (10%), Silene vulgaris (10%), and
Vicia sativa (10%). This mixture was planted without a specific pattern in 2013 using 13 kg of
seeds per ha mowing it in autumn and then left on their own for regrowth. The plant
mixture was selected following some fundamental criteria such us strict use of autochthon
species, ensuring a smooth climatic adaptation; being non-weed for the crop; featuring easy
maintenance and capacity for self-sowing, as well as staggered flowering phenologies; and
finally, being attractive to pollinators and natural enemies but not for crop pests.

Sampling of insects

To investigate the dynamics of effects of MA on insect biodiversity, the experiment was
carried out during a period of three years (2013-2015). Since the beginning (2013) the strips
were sampled to determine the existing insect biodiversity. Insects were assessed by sweep
net by fixed transects of 50 m x 2 m in each MA. Sampling was done four times per season
and following the phenological crop stages. Collected specimens were preserved in cyanide
to keep them intact and to avoid discoloration. All the specimens were identified to species
level using the appropriated keys (see Aguado et al. (2016) to find the specific key for each
group). Selected specimens were deposited in the entomological collection of the National
Museum of Natural Sciences (Madrid, Spain; MNCN).

Data analysis

The diversity of a homogeneous community (taxa richness, abundance, and dominance
values) was determined using PAST (Hammer et al., 2001). Moreover, the differences in the
community of insects were tested by the analysis of variance to achieve a significance level
of 0.05 on all results, using SPSS v.24 software (StatPackets statistical analysis software,
SPSS Inc., Chicago, IL). The taxa richness was measured using the Margalef index, a
measure of specific richness that transforms the number of species per sample in the
proportion to which the species are added by expansion of the sample, establishing a
functional relationship between the number of species and total number of specimens
(Moreno, 2001).

The abundance was used for valuing the faunal composition of a given area (Magurran,
1991). This was undertaken using the Shannon-Wiener index, which measures equity,
indicating the degree of uniformity in species representation (in order of abundance) while
considering all samples. This index measures the average degree of uncertainty that
predicts which species an individual randomly picked from a sample belongs to (Magurran,
1991; Moreno, 2001; Villareal et al., 2004). The dominance value was calculated with the
Simpson index, often used to measure species dominance values in each community, its
negative thus representing equity. It measures the representativity of the most important
species without considering the other species present. It expresses the probability that two
individuals randomly picked from a sample will belong to the same species (Magurran,
1991).
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Results
Species richness and abundance

During the three-year period, 3490 insects (806 in 2013, 1091 in 2014 and 1593 in 2015) were
collected in Alcicer do Sal (Portugal) belonging to six orders Coleoptera (929), Diptera
(879), Hemiptera (11), Hymenoptera (901), Lepidoptera (747), and Neuroptera (23) (Fig. 2).
A total of 163 species were identified. Following their biological role, the species were
classified in 152 as pollinators, 49 as natural enemies and seven as pest. However, some
species can play different roles. For example, Aporia crataegui (L., 1758), Lampides boeticus (L.,
1767), Leptotes pirithous (L., 1767), Oxythyrea funesta (Poda, 1761), Pieris brassicae (L., 1758),
Pieris rapae (L., 1758) and Tropinota squalida (Scopoli, 1783) are considered as pests in their
larval stage because the significant damage that can cause in the crop while as adults can
substantially contribute to pollination. The abundance of these pest-pollinator species
showed that their populations were stable during the study period without any variation
produced by the implementation of MAs (Table 1). During the three years, the most
abundant species were Coccinella septempunctata (L., 1758), Episyrphus balteatus (De Geer,
1776), Eristalis arbustorum (L., 1758), and Syritta pipiens (L., 1758) where the sum of these four
species varied between 20-30% of abundance (Table 2).

Effects of multifunctional areas on abundance and diversity

Once the specimens had been identified, biodiversity indexes were calculated (Table 3). The
Margalef analysis (Dmg = 11.95-22.11), showed that species richness and biodiversity
increased year after year (Table 3). The Shannon-Wiener and the Simpson dominance indexes
were calculated (Table 3) to analyse the proportional abundance and results suggested a
similar trend in the distribution of dominant species. Moreover, these results determine that
significant differences are limited to rare species represented by a few individuals.

The analysis of species number through the years, showed a clear increase of 45.68%
during the first season (2013-2014), in the second (2014-2015) was 38.98%, while the
variation of species carried out in a three-year study (2013-2015) was 102.47%. On the other
hand, the changes in abundance showed opposite trends, having a lower increase during
the first season than the second (35.35% and 46.01%, respectively). The total increase of
individuals during the study recorded was 97.64% (Fig. 3). The species composition
analyses show significant differences among years. This change is clearly significant when
the year compositions were compared (2013-2014: t = -5.76; df = 1785.2; p = 9.87E-09; 2014~
2015: t = -6.48; df = 2326.9; p = 1.10E-10). This trend is even more significant when the
communities at the beginning and at the end of the study are compared (2013-2015: t = -
12.34; df = 1680.8; p = 1.41E-33).

Conservation of biodiversity

The conservation status analysis revealed that a total of 64 (out of 163 spp.) captured species
are included in the Red List: 52 species as Least Concern (LC), eight as Data Deficient (DD),
two species: Colletes succinctus (L., 1785) and Halictus quadricinctus (Fabricius, 1776) as Near
Threatened (NT) and only one species: Bombus muscorum (L., 1758) is catalogued as
Vulnerable (VU) (IUCN, 2020). The abundance analysis of the species classified as NT and
VU showed that C. succinctus remained constant through the period of study with one
individual captured every year (Table 4). However, individuals of H. quadricinctus and B.
muscorum appeared in the field in the second year and keeping their abundance also stable
during the third year (Table 4).



255

Miranda-Barroso et al.

Table 1. Abundance of pest species per year in Alcacer do Sal.
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Figure 2. Number of species and individuals by insect order per year.
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Table 2. List of the most abundant species (number of specimens and average) in Alcacer do Sal.

Order Family Species 2013 2014 2015
Coleoptera  Coccinellidae  Coccinella septempunctata 94 (11.66%) 102 (9.34%) 78 (4.89%)
Diptera Syrphidae Episyrphus balteatus 44 (5.45%) 52 (4.76%) 68 (4.26%)
Diptera Syrphidae Eristalis arbustorum 39 (4.83%) 26 (2.38%) 82 (5.14%)
Diptera Syrphidae Syritta pipiens 67 (8.31%) 71 (6.50%) 90 (5.64%)
Total 30.25% 22.98% 19.89%

Table 3. Diversity and abundance values of the collected species in Alcacer do Sal.

Biodiversity analysis 2013 2014 2015
Species 80 117 163

Specimens 806 1091 1593
Dominance 0.038 0.029 0.021
Simpson 0.962 0.970 0.979
Shannon 3.751 4.039 4.33
Margalef 11.95 16.73 2211

Table 4. Abundance of Near Threatened (NT) and Vulnerable (VU) species per year in
Alcécer do Sal.
Order Family Species 2013 2014 2015 Conservation status
Hymenoptera  Colletidae  Colletes succinctus 1 1 1 NT
Hymenoptera  Halictidae = Halictus quadricinctus 0 5 4 NT
Hymenopera  Apidae Bombus muscorum 0 1 1 VU
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40

20
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Figure 3. Average of the number of species and individuals from the first year (2013 values
were considered as 0 because it was the first year of the experiment).
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Discussion

The selection of the mixture plants plays a decisive role in the successful attraction of
insects. This significant association between plants and insects can be observed by the
increased number of insect species and individuals during the three experiment years
(2013= 80 species and 806 individuals; 2014 = 117 and 1091; 2015 = 163 and 1593) reflecting
the positive impact of MA enhancing biodiversity of pollinators and natural enemies.
Paoletti et al. (1997), Tschumi et al. (2015) and Amy et al. (2018) observed similar results in
arable crops in their one-season experiment.

Moreover, numerous studies carried out in Europe have summarized the role of the MA
in conservation (Marshall & Moonen, 2002; Hannon & Sisk, 2009; Van Rijn & Waichers, 2016;
Bauer et al. 2017; Amy et al. 2018). Brown & Paxton (2009) were the first ones to suggest that
future conservation strategies need to primarily aim at minimising habitat loss or making
an agricultural habitat ‘bee-friendly’. The present work reinforces these conclusions because
64 of 163 species collected are included in the [IUCN Red List Categories and Criteria which
intended to easily classify the species at high risk of global extinction (IUCN, 2020).

These results emphasise the importance of MA to enhance biodiversity, support the
conservation of species at risk of extinction because MA creates a perfect reservoir area with
shelter and food (pollen, nectar, alternative preys) that allow them to maintain and extend
their populations. Despite all these studies carried out to enhance biodiversity in
agricultural ecosystems, very few studies analyse the effectiveness of MA on the crop.
Further studies are therefore necessary to understand the full benefits of MA.

Acknowledgments

We are very thankful to Stephany Gicot (Herdade do Pinheiro, Alcacer do Sal) for their
kindness and support during our research. Moreover, we want to thank to Francisco “Paco”
Garcia Verde, Felisbela Campos and Gilberto Lopes for their involvement and work in the
launch and development of the study. This research was funded by the project Operation
Pollinator (Syngenta).

Conflict of Interests

The authors declare that there is no conflict of interest regarding the publication of this paper.

ORCID

Luis Miranda-Barroso: https:/ / orcid.org/0000-0002-3457-7532
Oscar Aguado: https:/ / orcid.org/0000-0002-7895-6016

José Vicente Falc6-Gari: https:/ / orcid.org/0000-0002-8685-2292
David Lopez: https:/ / orcid.org/0000-0003-2249-979X

Michael Schade: https:/ / orcid.org/0000-0002-5487-5975

Vasileios Vasileiadis: https:/ / orcid.org/0000-0002-5697-7078
Francisco Javier Peris-Felipo: https:/ / orcid.org/0000-0001-9929-3277

References

Aguado, L.O., Vifiuelas, E. & Ferreres, A. (2016) Guia de polinizadores de la peninsula ibérica y de los
archipiélagos balear y canario. Ediciones Mundiprensa & Syngenta, Madrid, Spain, 364 pp.

Albrecht, M., Kleijn, D., Williams, N., Tschumi, M., Blaauw, B., Bommarco, R.,, Campbell, A.,
Dainese, M., Drummond, F., Entling, M., Ganser, D., De Groot, A., Goulson, D., Grab, H.,


https://orcid.org/0000-0002-3457-7532
https://orcid.org/0000-0002-7895-6016
https://orcid.org/0000-0002-8685-2292
https://orcid.org/0000-0003-2249-979X
https://orcid.org/0000-0002-5487-5975
https://orcid.org/0000-0002-5697-7078
https://orcid.org/0000-0001-9929-3277

258 Promoting conservation in alfalfa fields

Hamilton, H., Herzog, F., Isaacs, R., Jacot, K., Jeanneret, F., Jonsson, M., Knop, E., Kremen, C.,
Landis, D., Loeb, G., Marini, L., McKerchar, M., Morandin, L., Pfister, S., Potts, S., Rundlsf, M.,
Sardifias, H., Sciligo, A., Thies, C., Tscharntke, T., Venturini, E., Veromann, E., Vollhardt, I,
Wickers, F., Ward, K., Wilby, A., Woltz, M., Wratten, S., Sutter, L. (2020) Global synthesis of the
effectiveness of flowers strips and hedgerows on pest control, pollination services and crop
yield. Ecology Letters, 23, 1488-1498. https:/ /doi.org/10.1111/ele. 13576

Amy, C,, Noél, G., Hatt, S., Uyttenbroeck, R., Van de Meutter, F., Genoud, D. & Francis, F. (2018)
Flower strips in wheat intercropping system: effect on pollinator abundance and diversity in
Belgium. Insects, 9 (3), 114. https:/ /doi.org/10.3390/insects9030114

Bauer, S., Chapman, ].W., Reynolds, D.R,, Alves, J.A., Dokter, A.M., Menz, M.M.H., Sapir, N., Ciach,
M., Pettersson, L.B., Kelly, J.F., Leijnse, H. & Shamoun-Baranes, J. (2017) From agricultural
benefits to aviation safety: realizing the potential of continent-wide radar networks. Bioscience,
67,912-918. https:/ /doi.org/10.1093 /biosci/ bix074

Brown, M.J.F. & Paxton, R.J. (2009) The conservation of bees: A global perspective. Apidologie, 40,
410-416. https:/ /doi.org/10.1051/apido/2009019

Brussaard, L., De Ruiter, P.C. & Brown, G.G. (2007) Soil biodiversity for agricultural sustainability.
Agriculture, Ecosystems and Environment, 121, 233-244. https:/ /doi.org/10.1016/].agee.2006.12.013

Castle, D., Grass, I. & Westphal, C. (2019) Fruit quantity of strawberries benefit from enhanced
pollinator abundance at hedgerows in agricultural landscapes. Agriculture, Ecosystems and
Environment, 275, 14-22. https:/ /doi.org/10.1016/j.agee.2019.01.003

De Snoo, G.R. (1999) Unsprayed field margins: effects on environment, biodiversity and agricultural
practice. Landscape and Urban Planning, 46, 151-160. https:/ /doi.org/10.1016/50169-2046(99)00039-0

Dudley, N. & Alexander, S. (2017) Agriculture and biodiversity: a review. Biodiversity, 18 (2-3), 45-49.
https://doi.org/10.1080/14888386.2017.1351892

Erisman, ].W., van Eekeren, N., de wit, J., Koopmans, C., Cuijpers, W., Oerlemans, N. & Koks, B].
(2016) Agriculture and biodiversity: a better balance benefits both. Journal of Agriculture and
Food, 1 (2), 157-174. https:/ /doi.org/10.3934/ agrfood.2016.2.157

Foley, J.A., Ramankutty, N., Brauman, K.A. Cassidy, E.S., Gerber, ].S., Johnston, M., Mueller, N.D.,
O'Connell, C., Ray, D.K., West, P.C., Balzer, C., Bennett, E.M., Carpenter, S.R. Hill, J., Monfreda,
C., Polasky, S., Rockstrom, J., Sheehan, J., Siebert, S., Tilman, D., Zaks, D.P.M. (2011) Solutions
for a cultivated planet. Nature, 478, 337-342. https:/ /doi.org/10.1038 /nature10452

Haddaway, N.R., Brown, C., Eggers, S., Josefsson, J., Kronvang, B., Randall, N. & Uusi-Kdmpp4, J.
(2016) The multifunctional roles of vegetated strips around and within agricultural fields. A
systematic map protocol. Environmental Evidence, 5, 18. https:/ /doi.org/10.1186/513750-016-0067-6

Hammer, O., Harper, D. & Ryan, P. (2001) PAST: Paleontological Statistics Software for education
and data analysis. Paleontologia Electronica, 4, 1-9.

Hannon, L.E. & Sisk, T.D. (2009) Hedgerows in an agri-natural landscape: Potential habitat value for
native bees. Biological Conservation, 142, 2140-2154. https://doi.org/10.1016/j.biocon.2009.04.014

Holden, J., Grayson, R.P., Berdeni, D., Bird, S., Chapman, P.J.,, Edmondson, J.L., Firbank, L.G,,
Helgason, T., Hodosn, M.LE.,, Hunt, S.E.P., Jones, D.T., Lappage, M.G., Marshall-Harries, E.,
Nelson, M., Prendergast-Miller, M., Shaw., H., Wade, R.N. & Leake, J.R. (2019) The role of
hedgerows in soil functioning within agricultural landscapes. Agriculture, Ecosystems and
Environment, 273, 1-12. https:/ /doi.org/10.1016/j.agee.2018.11.027

Holland, ]J. & Fahrig, L. (2000) Effect of woody borders on insect density and diversity in crop fields:
a landscape-scale analysis. Agriculture, Ecosystems and Environment, 78, 115-122.
https://doi.org/10.1016,/50167-8809(99)00123-1

Holland, ].M., Bianchi, F.J.J.A., Entling, M.H., Moonen, A.C., Smith, BM. & Jeanneret, P. (2016)
Structure, function and management of semi-natural habitats for conservation biological control:
A review of European studies. Pest Management Science, 72, 1638-1651.
https://doi.org/10.1002/ ps.4318


https://doi.org/10.1111/ele.13576
https://doi.org/10.3390/insects9030114
https://doi.org/10.1093/biosci/bix074
https://doi.org/10.1051/apido/2009019
https://doi.org/10.1016/j.agee.2006.12.013
https://doi.org/10.1016/j.agee.2019.01.003
https://doi.org/10.1016/S0169-2046(99)00039-0
https://doi.org/10.1080/14888386.2017.1351892
https://doi.org/10.3934/agrfood.2016.2.157
https://doi.org/10.1038/nature10452
https://doi.org/10.1186/s13750-016-0067-6
https://doi.org/10.1016/j.biocon.2009.04.014
https://doi.org/10.1016/j.agee.2018.11.027
https://doi.org/10.1016/S0167-8809(99)00123-1
https://doi.org/10.1002/ps.4318

Miranda-Barroso et al. 259

TUCN (2020) The International Union for Conservation of Nature (IUCN) Red List of Threatened Species.
Version 2020-1. Available from: https://www.iucnredlist.org/ [Accessed 8th October 2020].

IPMA (2020) Portuguese Institute for Sea and Atmosphere. Available from: https://www.ipma.pt/
[Accessed 10th December 2020].

Jacot, K., Eggenschwiler, L., Junge, X., Luka, H. & Bosshard, A. (2007) Improved field margins for a
higher biodiversity in agricultural landscapes. Aspects of Applied Biology, 87, 277-283.

Jiménez-Peydr6, R. & Peris-Felipo, F.J. (2014) Diversity and community structure of Opiinae
(Hymenoptera, Braconidae) in Mediterranean landscapes of Spain. Journal of Entomological
Research Society, 16 (3), 75-85.

Kremen, C., Albrech, M. & Ponisio, L.C. (2019) Restoring pollinator communities and pollination
services in hedgerows in intensively managed agricultural landscapes. In: Dover, J.W. (ed.) The
Ecology of Hedgerows and Field Margins, Routledge, London, UK, pp. 163-185.

Magurran, A.E. (1991) Ecological Diversity and its Measurement. Princeton University Press, Princeton.
178 pp.

Marshall, EJ.P. & Moonen, A.C. (2002) Field margins in northern Europe: their functions and
interactions with agriculture. Agriculture, Ecosystems and Environment, 89, 5-21.
https://doi.org/10.1016/S0167-8809(01)00315-2

Marshall, E.J.P. & Nowakowski, M. (1995) Successional changes in the flora of a sown field margin strip
managed by cutting and herbicide application. Brighton Crop Protection Conference - Weeds, British
Crop Protection Council, Farnham, Surrey, pp. 973-978.

Meek, B., Loxton, D., Sparks, T., Pywell, R., Pickett, H. & Nowakowski, M. (2002) The effect of arable
field margin composition on invertebrate biodiversity. Biological Conservation, 106, 259-271.
https:/ /doi.org/10.1016,/S0006-3207(01)00252-X

Morandin, L.A. & Kremen, C. (2013) Hedgerow restoration promotes pollinator populations and
exports native bees to adjacent fields. Ecological Applications, 23, 829-839.
https:/ /doi.org/10.1890/12-1051.1

Moreno, C. (2001) Métodos para medir la Biodiversidad. Sociedad Entomolédgica Aragonesa, Zaragoza,
Spain. 84 pp [in Spanish].

Myers, N., Mittermeier, R.A., Mittermeier, C.G., Fonseca, G.A.B. & Kent, J. (2000) Biodiversity
hotspots for conservation priorities. Nature, 403, 853-858. https:/ /doi.org/10.1038 /35002501
New, T.R. (2005) Invertebrate Conservation in Agricultural Ecosystems. Cambridge University Press,

Cambridge, UK, 396 pp. https://doi.org/10.1017/CBO9780511542114

Nowakowski, M. & Pywell, R. (2016) Habitat Creation and Management for Pollinators. Centre for
Ecology & Hydrology, Wallingford, UK, 92 pp.

Paoletti, M.G., Boscolo, P. & Sommaggio, D. (1997). Beneficial insects in field surrounded by
hedgerows in North Eastern Italy. Biological Agriculture & Horticulture, 15 (4), 310-323.
https://doi.org/10.1080/01448765.1997.9755206

Pungetti, G. (2003) Disefio ecolégico del paisaje. Planificacién y conectividad en el mediterraneo y en
Italia. In: Garcia-Mora, M.R. (ed.) Comnectividad Ambiental: Las Areas Protegidas en la Cuenca
Mediterrdnea. Junta de Andalucia, Spain, pp. 111-124 [in Spanish].

Roy, D.B., Bohan, D.A., Haughton, A J., Hill, M.O., Osborne, J.L., Clark, S.J., Perry, ].N., Rothery, P.,
Scott, R.J., Brooks, D.R., Champion, G.T., Hawes, C., Heards, M.S. & Firbank, L.G. (2003)
Invertebrates and vegetation of field margins adjacent to crops subject to contrasting herbicide
regimes in the Farm Scale Evaluations of genetically modified herbicide-tolerant crops.
Philosophical Transactions of the Royal Society B, 358, 1879-1898.
https:/ /doi.org/10.1098 /rstb.2003.1404

Schumacher, W. (1984) Gefdhrdete Ackerwildkrduter konnen auf ungespritzten Feldrandern erhalten
werden. Mitteilungen LOLF, 9 (1), 14-20.


https://www.iucnredlist.org/
https://www.ipma.pt/
https://doi.org/10.1016/S0167-8809(01)00315-2
https://doi.org/10.1016/S0006-3207(01)00252-X
https://doi.org/10.1890/12-1051.1
https://doi.org/10.1038/35002501
https://doi.org/10.1017/CBO9780511542114
https://doi.org/10.1080/01448765.1997.9755206
https://doi.org/10.1098/rstb.2003.1404

260 Promoting conservation in alfalfa fields

Smith, J., Potts, S.G., Woodcock, B.A. & Eggleton, P. (2008) Can arable field margins be managed to
enhance their biodiversity, conservation and functional value for soil macrofauna? Journal of
Applied Ecology, 45, 269-278. https://doi.org/10.1111/].1365-2664.2007.01433.x

Tschumi, M., Albrecht, M., Entling, M.-H. & Jacot, K. (2015) High effectiveness of tailored flower
strips in reducing pests and crop plant damage. Proceedings of the Royal Society B, 282, 20151369.
https:/ /doi.org/10.1098 /rspb.2015.1369

van Rijn, P.C.J. & Wichers, F.L. (2016) Nectar accessibility determines fitness, flower choice and
abundance of hoverflies that provide natural pest control. Journal of Applied of Ecology, 53 (3),
925-933. https:/ /doi.org/10.1111/1365-2664.12605

Villarreal, H., Alvarez, HM., Cérdoba, S:, Escobar, F., Fagua, G., Gast, F., Mendoza, H., Ospina, M. &
Umafia, AM. (2004) Insectos. In: Alvarez, M., Cérdoba, S., Escobar, F., Fagua, G., Gast, F.,
Mendoza, H., Ospina, M. & Umafia, A.M. (eds.) Manual de métodos para el desarrollo de inventarios
de biodiversidad. Instituto de Investigaciéon de Recursos Biol6gicos Alexander von Humboldt,
Bogota, Colombia, pp. 149-169 [in Spanish].


https://doi.org/10.1111/j.1365-2664.2007.01433.x
https://doi.org/10.1098/rspb.2015.1369
https://doi.org/10.1111/1365-2664.12605

Miranda-Barroso et al. 261

Axigy ac o yo bl Wyl g ) E95 I sl I3l lgne 4 0 ek Wi Gblw

¥ E Y . Y & . e . . Y 1 N e
o aaly FOl JSlo < r0d wgd (g, 9SIB Ay 0395 < 90195T ISl g ylo— il ao (il
*¥ . N g o ¥
goedd— ys 3 3995 gSummmnnd! 38 ¢ s Sl g

Wbl dbizmin &850 )l (65,0L887 (2 )

Lol )T o 3 Slalllas 5 IS o8 5 ¥

Ll by (61555 £33 5 (285 8 puulidiunys Dlalllan duago (DB 55 5 quslido pi olSitglojl ¥
e (Il o OS50 ((Sh5alS (i ¥

javier.peris@syngenta.com :45LSe ot odimngs Sy 2SI Coy

FAEe e n0,0,8 VA ) Lictl Gy IV e n0)g 8 Ve tgimdy GBI VFe e o908 oV sl yo fu,b |

s b 4 )50 Sy 50 0jshitenia (e ST Jelod 5 4o 4 ol adlllas loaSs
B3Iy s0 (YoNO-Y )l ans Sloj 0,90 G j0 S5 1985 )0 awg SidSaix
35l Sk ) oS b & e bty Sy b ol
b8l deolSo pumd oy Joln Sl pl ol Olis alite sldisS G
>l g it glaaiss ol 8l slaws o VFFAY g eaisS slaws o L)YV
Ohbaty Sunex (P4 5 sl (bli> glaspal) o (oot B 0jslateniz

S (o0 S8 5 BN Sl (S yee 35 530

ols o) wliis )l cbla> (gl (sl GrptunwsST igads LS lg

5 Y game o JulS


mailto:javier.peris@syngenta.com

