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PREFACE

Editorial Commentary: The Potential for Network

Approaches to Improve Knowledge,
Understanding, and Prediction of the Structure
and Functioning of Agricultural Systems

David A. Bohan*, Guy Woodward"

*UMR 1347 Agroécologie, AgroSup/UB/INRA, Pdle Ecologic des Communautés et Durabilie¢ de Syseemes
Agricoles, Ijon Cedex, France

Timperial College London, Silwood Park Campus, Ascot, Berkshire, United Kingdom

Network science has made increasingly important contributions to the
understanding of ecological interactions in complex, multispecies natural
systems, such as food webs and plant—pollinator networks (Ings et al.,
2009; Lafferty et al., 2008; Montoya et al., 2006; Olesen et al., 2010).
Our understanding of the ecological properties that confer stability and resil-
ience to disturbance upon these systems has accelerated by viewing them as
networks of interacting elements. Considerable advances have been made
since the first food web studies were conducted by the pioneers of modern
ecology (e.g. Elton, 1927; May, 1973), with especially marked improve-
ments in both data and models over the last two decades (e.g. Allesina
and Tang, 2012; Cohen et al., 2009; Dunne et al., 2002; McCann et al.,
1998). Previously, the poor quality of data threatened to undermine the
credibility of the approach (Polis, 1991). This more holistic, system-based
approach has had many significant impacts on fundamental ecology, from
its contribution to the complexity—stability debate to providing a means
of linking across different organisational levels and spatial and temporal scales
(Hagen et al., 2012; Kondoh, 2003). It is only far more recently that it has
been adopted by the more applied, ecological sciences (Ings et al., 2009).
The growing prominence of food web approaches is particularly evident
in its influence on the management of human-exploited fish stocks (e.g.
Barnes et al., 2008, 2010; Jennings and Brander, 2010; Jennings et al.,
2002), where it 1s increasingly being used to underpin the ‘ecosystem
approach to fisheries’ that is now being adopted on a global scale. Network
approaches have not yet had the same level of impact in the sister discipline
of agriculture, however, and addressing this gap is the principal motivation
behind the production of this thematic volume.

xiii
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Networks in agricultural ecosystems have been rather neglected,
reflecting the long-held view that these artificial systems are somehow spe-
cial cases that stand apart from mainstream ecology. Indeed, there has been
relatively little exchange of ideas, with agroecology developing to a large
extent as an isolated discipline in its own right, mirroring the situation that
persisted in the relationship between fisheries science and general ecology
throughout much of the twentieth century. Recently, however, there has
been a noticeable change as the field has opened up: studies of networks
of interacting species in agriculture, such as Pocock et al. (2012), are now
not only shining new light on the structure and functioning of
agroecosystems, but also contributing to, and extending, wider ecological
understanding and theory.

The longstanding separation of agroecology of mainstream ecology is sur-
prising, given that early trophic and community ecology (sensu Elton, 1927
MacArthur, 1955) and more recent metapopulation theory (Levins, 1969)
were originally inspired by agricultural questions, such as how crop monocul-
tures seemed especially prone to pest outbreaks, just as size-structured food
webs were recognised in early fisheries science (e.g. Hardy, 1924) but then
network approaches largely ignored for most of the last century. The work
in this thematic volume demonstrates that agriculture is once again set to drive
forward ecological research in multispecies, interactive systems, and the grow-
ing resurgence of the field is reflected in the current worldwide concern with
maintaining the ecosystem goods and services on which all human societies
depend (Raffaelli and White, 2013), and which are at the heart of agroecol-
ogy. Globally, we will need to produce more sustainable agroecosystems that
are both biodiverse and able to feed the ever-growing human population—
which is projected to exceed 9 billion people by 2050. Agroecosystems
already account for much of the Earth’s surface, with croplands and pasture-
lands covering over 40% of the land area, and this is set to grow rapidly in the
coming decades. It is inevitable that this expansion and encroachment on wil-
derness areas will lead to increased interdisciplinarity in the future, as pressures
mount on both natural and artificial systems and the goods and services they
supply to humanity. This combination of socioeconomic and ecological
imperatives sets the scene for the role agriculture will play in the developing
theory and practice of network ecology.

The apparent dichotomy between the study of agroecosystems and nat-
ural ecosystems is a false premise, as every system on the planet can be placed
on a gradient of artificiality to naturalness, from urban systems at one end to
the remote wilderness of Antarctica at the other, but with few, if any, being
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truly pristine given the global reach of human impacts (Bohan et al., 2013).
Typically, agroecosystems are viewed as lying towards the more artificial end
of this gradient, but in reality many exist in, and interdigitate with, natural
and ‘semi-natural’ habitats (Massol and Petit, 2013). For instance, heathland
and moorland are agroecosystems in many parts of the world, as are many
grasslands, although they are often managed with a lighter touch than
industrial-scale, intensively farmed arable monocultures. All support many
more species than the target crop alone, which has been the primary focus
of agricultural research to date, and these ancillary systems are required for
the healthy functioning and service provision of the ecosystem as a whole
(including supporting agricultural yields). Together, these natural, semi-
natural, and cropping systems form a patchwork of interaction networks,
which are themselves connected to one another and to other elements in
the surrounding landscape in a spatial network. It is these attributes that form
much of the focus of this volume.

Network approaches developed in mainstream ecology and other disci-
plines can be readily adapted and applied to agroecosystems, despite some of
their apparently fundamental differences to natural systems, to help under-
stand how local ecological networks (e.g. food webs, plant—pollinator webs,
host—parasitoid webs) are themselves nested as nodes (metawebs) within a
larger spatial network. The chapters in this volume also explore how net-
work approaches can be applied to other aspects of agroecology, including
the decision-making processes in land management, and how eco-
evolutionary dynamics can be used to understand system-level responses
(e.g. the emergence of pesticide resistance) to those choices (Loeuille
et al., 2013).

This volume thus covers a broad canvas, and it embraces methodological
issues as well as introduce new empirical data and models to provide a new
synthesis of the current state-of-play. In fact, the considerable depth and
breadth covered by seven chapters presented here highlight just how rapidly
this nascent field is developing. Across this volume, there are several recur-
rent themes that have emerged from these chapters, which we have
summarised in 10 key points:

1. Agroecosystems have important similarities to, and also differences
from, natural systems, which need to be borne in mind when model-
ling their dynamics.

2. Temporal and spatial dynamics and heterogeneity need to be consid-
ered together, over multiple scales (Loeuille et al., 2013; Massol and
Petit, 2013; Tixier et al., 2013).
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3.

10.

Belowground and aboveground networks need to be united, and not
studied in isolation, as has been typical to date; one cannot be fully
understood without knowledge of the other (Mulder et al., 2013).

Different types of antagonistic and mutualistic interactions can occur

within the same community—and even within the same species

pairs—and advances in understanding of this diversity of interaction
in agroecology are now driving those in more general ecology, which
has traditionally focused on just one type of interaction network
within a given community (Bohan et al., 2013; Loeuille et al.,
2013; Mulder et al., 2013).

Diets are much harder to characterise in agroecosystems than they
are in the highly resolved aquatic food webs that are dominated by
gape-limited, engulfing consumers. Here, new technologies and
techniques such as SIP, metasystematics, machine-learning, and
text-mining are revolutionising how food webs and other networks
can be constructed rapidly and realistically, and these promising
novel approaches seem certain to be adopted in the near future
by mainstream network ecology (Tamaddoni et al., 2013;
Traugott et al., 2013).

There is a wide diversity of consumer behaviour and traits in
agroecosystems, from suctorial fluid feeders through to spiders that
use webs as tools to catch larger prey, such that the strength of body
mass allometric constraints may need to be reassessed relative to the
many other systems in which they are particularly powerful structur-
ing forces (Mulder et al., 2013; Tamaddoni et al., 2013).
Taxonomic and functional traits are both important determinants of
network structure (Bohan et al., 2013; Mulder et al., 2013;
Tamaddoni et al., 2013).

Eco-evolutionary responses can be extremely rapid and profound, due
to the prevalence of powerful artificial selection (e.g. for pesticide
resistance) that accelerates their manifestation (Loeuille et al., 2013).
Crop type is a more powerful determinant of network structure than
biogeographical setting, largely because of the biotic homogenisation
that arises from filtering through the same set of constraints and man-
agement practices, which are often applied on a continental to global
scale (Bohan et al., 2013).

Land-sharing and land-sparing approaches to management have very
different outcomes for ecological networks across different landscapes,
with compelling evidence that the former is likely to be far more sus-
tainable than the latter in the future (Loeuille et al., 2013).
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Although these points are addressed to varying degrees in the seven chapters
presented here, there is a clear consensus that applying network approaches
to agriculture offer an exciting new way to view and manage these critically
important ecosystems. As we move ever deeper into the Anthropocene, it is
crucial that we understand how agricultural systems determine humanity’s
well-being and ‘safe operating space’ (Millennium Ecosystem Assessment,
2005; Rockstréom et al., 2009). By reconnecting agroecosystems with their
natural counterparts, through improved ecological understanding, we will
gain a better ability to predict how they will respond to future changes,
including global climate change and population growth, but also how to
design novel, sustainable, and intensive agricultural systems that are better
able to meet humanity’s future needs.

ACKNOWLEDGEMENTS

This series of papers came out of the Atelier Rescaux Tophiques (ART) International
Workshop, held at INRA-Dijon from 26 to 27 September 2012. The workshop was
kindly supported by the SMaCH Métaprogramme and the SPE Department of INRA, as
a way of promoting network approaches in agriculture in France and internationally, and
we would like to gratefully acknowledge that support.

REFERENCES

Allesina, S., Tang, S., 2012. Stability criteria for complex ecosystems. Nature 483, 205-208.

Barnes, C., Bethea, D.M., Brodeur, R.D., Spitz, ]., Ridoux, V., Pusineri, C., et al., 2008.
Predator and prey body sizes in marine food webs. Ecology 89, 881,

Barnes, C., Maxwell, D.L., Reuman, D.C,, Jennings, S., 2010, Global patterns in predator-
prey size relationships reveal size-dependency of trophic transfer efficiency. Ecology 91,
222-232.

Bohan, D., etal., 2013. Chapter one - Networking agroecology: integrating the diversity of
agrocecosystem interactions. Adv. Ecol. Res. 49, 1-67.

Cohen, J.E., Schittler, D.N., Raffaclli, D.G., Reuman, D.C., 2009. Food webs are more
than the sum of their tritrophic parts. Proc. Natl. Acad. Sci. U.S.A. 106, 22335-2234().

Dunne, J.A., Williams, R J., Martinez, N.D., 2002. Network structure and biodiversity loss
in food webs: robustness increases with connectance. Ecol. Lett. 5, 558-567.

Elton, C.S., 1927. Animal Ecology. Macmillan, New York.

Hardy, A.C., 1924. The Herring in Relation to Its Animate Environment, Part 1. Ministry of
Agriculture and Fisheries.

Ings, T.C., Montoya, J.M., Bascompte, J., Bluthgen, N., Brown, L., Dormann, C.F.,
Edwards, F., Figueroa, D., Jacob, U., Jones, J.I., Lauridsen, R.B., Ledger, M.E.,
et al., 2009. Ecological networks—beyond food webs. J. Anim. Ecol. 78, 253-269.

Jennings, S., Brander, K., 2010. Predicting the effects of climate change on marine commu-
nities and the consequences for fisheries. J. Mar. Syst. 79, 418-426.

Jennings, S., Warr, K.J., Mackinson, S., 2002. Use of size-based production and stable isotope
analyses to predict trophic transfer efficiencies and predator-prey body mass ratios in food
webs. Mar. Ecol. Prog. Ser. 240, 11-20.

Kondoh, M., 2003. Foraging adaptation and the relationship between food-web complexity
and stability. Science 299, 1388—-1391.




xviii David A. Bohan and Guy Woodward

Lafferty, K.D., Allesina, S., Arim, M., Briggs, C.J., De Leo, G., Dobson, A.’.,, Dunne, J.A.,
Johnson, P.T.J., Kuris, A.M., Marcogliese, D.J., Martinez, N.D., Memmott, ]., et al.,
2008. Parasites in food webs: the ultimate missing links. Ecol. Lett. 11, 533-546.

Levins, R, 1969. Some demographic and genetic consequences of environmental heteroge-
neity for biological control. Bull. Entomol. Soc. Am. 15, 237-240.

Locuille, N., Barot, S., Georgelin, E., Kylafis, G., Lavigne, C., 2013. Chapter six -
Eco-evolutionary dynamics of agricultural networks: implications for sustainable
management. Adv. Ecol. Res. 49, 339-435.

MacArthur, R, 1955. Fluctuations of animal populations and a measure of community sta-
bility. Ecology 36, 533-536.

Massol, F., Petit, S., 2013. Chapter five - Interaction networks in agricultural landscape
mosaics. Adv. Ecol. Res. 49, 291-338.

May, R.M., 1973, Stability and Complexity in Model Ecosystems. Princeton University
Press, Princeton, NJ.

McCann, K., Hastings, A., Huxel, G.R., 1998, Weak trophic interactions and the balance of
nature. Nature 395, 794—798.

Millennium Ecosystem Assessment, 2005, In: Duratappah, A.K., Nacem, S., Agardy, T.
(Eds.), Ecosystems and Human Woellbeing: Biodiversity Synthesis. Island  Press,
Washington DC.

Montoya, .M., Pimm, S.L., Sol¢, R.V., 2006. Ecological networks and their fragility.
Nature 442, 259-264.

Mulder, C., Ahrestani, F.S., Bahn, M., Bohan, D.A., Bonkowski, M., Griffiths, B.S.,
Guicharnaud, R.A., Kattge, J., Krogh, P.H., Lavorel, S., Lewis, O.T.,
Mancinelli, G, et al., 2013. Chapter two - Connecting the green and brown worlds:
allometric and stoichiometric predictability of above- and below-ground networks.
Adv, Ecol. Res. 49, 69-175.

Olesen, J.M., Dupont, Y.L., O'Gorman, E., Ings, T.C., Layer, K., Meliin, C.J.,
Trojelsgaard, K., Pichler, D.E., Rasmussen, C., Woodward, G., 2010. From Broadstone
to Zackenberg: space, time and hierarchies in ecological networks. Adv. Ecol. Res. 42,
1-69.

Pocock, M.J.O., Evans, D.M., Memmott, J., 2012. The robustness and restoration of a net-
work of ecological networks. Science 335, 973-977.

Polis, G.A., 1991. Complex trophic interactions in deserts: an empirical critique of food-web
theory. Am. Nat. 138, 123-155.

Raffaclli, D., White, P.C.L., 2013. Ecosystems and their services in a changing world: an
ecological perspective. Adv. Ecol. Res. 48, 1-70.

Rockstrom, J., Steffen, W., Noone, K., Persson, A, Chapin, E.S., Lambin, E.F.,
Lenton, T.M., Scheffer, M., Folke, C., Schellnhuber, H.J., Nykvist, B., de Wit, C.
A., Hughes, T., van der Leeuw, S., Rodhe, H., Sorlin, S., Snyder, P.K.,
Costanza, ., Svedin, U., Falkenmark, M., Karlberg, L., Corell, R.W., Fabry, V.J.,
Hansen, ]., Walker, B., Liverman, D., Richardson, K., Crutzen, P., Foley, J.A.,
2009. A safe operating space for humanity. Nature 461, 472-475,

Tamaddoni-Nezhad, A., Bohan, D.A., Raybould, A., Muggleton, S.H., 2013. Chapter four -
Construction and validation of food webs using logic-based machine learning and
text-mining. Adv. Ecol. Res. 49, 225-289.

Tixier, P., Peyrard, N., Aubertot, J.-N., Gaba, S., Radoszyck, J., Caron-Lormier, G.,
Vinatier, F., Mollot, G., Sabbadin, R.., 2013. Chapter seven - Modelling interaction net-
works for enhanced ecosystem services in agroecosystems. Adv. Ecol. Res. 49, 437-480).

Traugott, M., Kamenova, S., Ruess, L., Seeber, |., Plantegenest, M., 2013. Chapter three -
Empirically characterising trophic networks: what emerging DNA-based methods, stable
isotope and fatty acid analyses can offer. Adv. Ecol. Res. 49, 177-224.



CONTENTS

Contributors
Preface

L.

Networking Agroecology: Integrating the Diversity
of Agroecosystem Interactions

David A. Bohan, Alan Raybould, Christian Mulder, Guy Woodward,
Alireza Tamaddoni-Nezhad, Nico Bluthgen, Michael J.O. Pocock,
Stephen Muggleton, Darren M. Evans, Julia Astegiano, Francois Massol,

Nicolas Loeuille, Sandrine Petit, and Sarina Macfadyen

1. Introduction

2. What is a Network?

3. The Agricultural Landscape as a Network of Agricultural, Semi-natural and
Natural Habitats

4. Linking Structure, Functioning and Services

5. Evaluating and Predicting Ecosystemn Change

6. Conclusion

Appendix A. Migration and Interactions Among Populations

Appendix B. References for Fig. 1.3

Glossary

References

Connecting the Green and Brown Worlds: Allometric and
Stoichiometric Predictability of Above- and Below-Ground
Networks

Christian Mulder, Farshid S. Ahrestani, Michael Bahn, David A. Bohan,
Michael Bonkowski, Bryan S. Griffiths, Rannveig Anna Guicharnaud,

Jens Kattge, Paul Henning Krogh, Sandra Lavorel, Owen T. Lewis,

Giorgio Mancinelli, Shahid Naeem, Josep Penuelas, Hendrik Poorter, Peter
B. Reich, Loreto Rossi, Graciela M. Rusch, Jordi Sardans, and lan J. Wright
Introduction

Aims and Rationale

Can a Stoichiometrically Explicit First Trophic Level Be Parameterised?

The Advantages of Stoichiometric Plasticity
Constrained Resources, Isotopic Signatures and Networks

o nd W N -

Antagonism Above, Mutualism Below: Nature or Agriculture?

xiii

20
26
33
41

45
46
50

69

71
74

88
102
119



" Contents
7. Scaling Stoichiometry Provides a Bridge to Ecosystem Processes 125
8. Be Explicit: Can We Reach a Consensus? 135
Acknowledgements 141
Appendix 142
References 151
3. Empirically Characterising Trophic Networks: What Emerging
DNA-Based Methods, Stable Isotope and Fatty Acid Analyses
Can Offer 177
Michael Traugott, Stefaniya Kamenova, Liliane Ruess, Julia Seeber,
and Manuel Plantegenest
1. Introduction 178
2. Molecular Approaches to Analyse Trophic Interactions 180
3. Stable Isotope Analysis 191
4. Fatty Acid Analysis 197
5. Which Approach to Choose, How to Start and How to Interpret the Data? 203
Acknowledgements 209
Glossary 209
References 211
4. Construction and Validation of Food Webs Using Logic-Based
Machine Learning and Text Mining 225
Alireza Tamaddoni-Nezhad, Ghazal Afroozi Milani, Alan Raybould,
Stephen Muggleton, and David A. Bohan
1. Introduction 226
2. Methods 239
3. Results 254
4. Discussion and Conclusions 267
Acknowledgements 272
Appendix A. References used for Manual Corroboration 272
Appendix B 273
References 282
5. Interaction Networks in Agricultural Landscape Mosaics 291
Francois Massol and Sandrine Petit
Introduction 292
2. Ecological Patterns and Processes in Spatially Structured Ecosystems 295
3. The Goals of Agricultural Landscape Mosaics Studies; Management
for Crop Production and Other Ecosystem Services 303
4. Specific Properties of Agricultural Landscape Mosaics: Temporal
and Spatial Heterogeneity 307



