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Summary
Agricultural expansion and land use change are leading drivers of biodiversity loss worldwide.
Today, agricultural land covers about 38% of the Earth’s total ice-free land, and agriculture is
the primary user of Earth’s freshwater resources. Fragments of semi-natural and natural habitats
in agricultural landscapes are primary habitats for many beneficial organisms. These organisms
may move from natural habitats to croplands at times when crops provide massive plant
resources and can therefore enhance agro-ecosystem services such as biological pest control.
Natural habitats in agricultural landscapes may also promote pest organisms or crop diseases
which influence crops negatively, but little is known about such ecosystem dis-services
mediated by the availability of natural habitats to agriculture. When managing agricultural
landscapes to conserve biodiversity and ecosystem services, we need to understand if the
availability of semi-natural and natural habitats increases ecosystem dis-services to avoid
risking higher costs than benefits. Unfortunately, the simultaneous effects of surrounding
habitats and other landscape structures on agro-ecosystem services, dis-services and their
interactions are largely unknown.
In the first part of my thesis (chapter I) I investigated which vertebrates are using almond
orchards and sunflower fields and studied their impact on crop seed predation in relation to the
availability of natural (shrub land) and semi-natural habitat (shrub land mixed with planted
forest) in an agricultural landscape of Israel. I selected 20 almond and 20 sunflower study sites
with varying percentages of natural (0–61%) and semi-natural (0–70%) habitats within a 1000
m radius of their surroundings. I observed birds, trapped rodents, counted seeds and noted
feeding marks to obtain seed predation rates at each study site. Furthermore in almond crops, I
physically excluded birds, rodents and both to determine their relative and combined influence
on seed predation.
In the second part (chapter II) I tested how natural and semi-natural habitat surrounding almond
orchards in Israel influence almond pest predation by the almond wasp (Eurytoma amygdali
Enderlein) (dis-service). I also focused on the abundance of their parasitoids (service) and how
these habitats influence granivorous birds. These birds either consume almonds before harvest
(dis-service) or after harvest, when overwintering almonds “mummy nuts” provide potential
pest breeding habitat (service). For this study, I chose 17 almond orchards with varying
percentages of surrounding natural and semi-natural habitat. I harvested almonds to count
almond wasps and their parasitoids, collected nuts and mummy nuts with bird-feeding marks
and conducted bird observations to identify bird species and their abundance.
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In the third part (chapter III) I concentrated on birds as important seed predators and
investigated their impact on sunflower seed predation. Birds are known for using elevated
landscape structures to perch and hide. High trees in agricultural landscapes may therefore drive
seed predation. I examined if the presence, the distance and the percentages of high trees (tree
height >5 m) and the percentages of natural habitat surrounding sunflower fields increase seed
predation by birds. I chose to use two datasets, one collected at the field scale and one at the
landscape scale. At the field scale I assessed seed predation across a sample grid of an entire
sunflower field. At the landscape scale I assessed seed predation at the field margins and
interiors of 20 sunflower fields. I estimated seed predation as the percentage of removed seeds
from sunflower heads. Distances of sample points to the closest high tree and percentage of
natural habitat and of high trees in a 1 km radius surrounding the fields were additionally
measured.
In my first study I found that neither vertebrate abundance nor species richness (birds and
rodents) was influenced by the percentage of natural habitat. However, bird species richness
increased with increasing percentage of semi-natural habitat. Seed predation across both crops
was not influenced by natural or semi-natural habitat but increased significantly with increasing
abundance and species richness of birds. This was also reflected by the exclusions of birds,
rodents and both to the almond crop, leading to lowest seed predation when both groups were
excluded.
In the second study, natural habitat did not influence any targeted ecosystem services or disservices in almond orchards. Almond wasp predation was positively influenced by semi-natural
habitat. Parasitoid abundance was not influenced by the surrounding habitats, but bird
abundance was negatively influenced by semi-natural habitats. Granivorous bird abundance did
not show an effect on bird seed predation of harvestable almonds or mummy nuts.
The results of my third study show that seed predation increased with decreasing distance to the
closest high tree at the field and landscape scale with a threshold of 50 m. However the
percentage of high trees and natural habitat did not increase seed predation.
Synthesis and applications
Natural habitat did not influence the agro-ecosystem dis-service of seed predation by birds and
rodents and infestation rates of almond wasps. However, semi-natural habitat can support insect
almond pests and can have different impacts on different services and dis-services. The high
2
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trees, which can be found in the semi-natural habitat of my study region are mainly planted and
introduced trees which are not native in the area. Therefore, protecting natural habitats for
conservation or to enhance agro-ecosystem services meditated by beneficial organisms like
natural pest enemies and pollinators is not necessarily coupled with disadvantages for farmers.
Sunflower seed predation by birds can be reduced when avoiding sowing sunflowers within a
radius of 50 m to high trees. To provide more detailed management recommendations
concerning vertebrate and invertebrate dis-services their feeding behaviour, metabolic needs,
behaviour patterns and local abundances should be taken into account and farmers need to be
aware of different services and dis-services and their connection to different habitats to plan for
sustainable agriculture.
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Zusammenfassung
Die Intensivierung der Landwirtschaft sowie Veränderungen in der Landnutzung sind treibende
Kräfte des weltweiten Biodiversitätsverlustes. Etwa 38% der gesamten eisfreien Landfläche
wird landwirtschaftlich genutzt und sie ist der Hauptnutzer der Süßwasserressourcen der Erde.
Fragmente von naturnahen und natürlichen Habitaten in Agrarlandschaften sind primäre
Habitate für viele Nützlinge. Diese Nützlinge können von natürlichen Habitaten in
landwirtschaftliche Flächen übertreten und somit Ökosystemleistungen wie die biologische
Schädlingsbekämpfung verbessern. Allerdings können dieselben Habitate auch Schädlinge oder
Pflanzenkrankheiten fördern, und somit den Nutzpflanzenanbau z.B. durch erhöhte
Samenprädation negativ beeinflussen (Ökosystem Fehlleistungen). Bis heute ist wenig über den
Zusammenhang zwischen Ökosystem Fehlleistungen und der Verfügbarkeit von natürlichen
Habitaten bekannt. Wenn Agrarlandschaften auf eine Weise bewirtschaftet werden, die
Biodiversität und Ökosystemtleistungen fördert, sollte auch beachtet werden, ob die
Verfügbarkeit von naturnahen und natürlichen Habitaten auch Ökosystem Fehlleistungen
fördert, um höhere Kosten als Nutzen zu vermeiden. Bis heute ist der Einfluss von Agrarflächen
umgebenden Habitaten und anderen Landschaftsstrukturen auf Ökosystemleistungen,
Ökosystem Fehlleistungen und deren Wechselwirkungen weitgehend unbekannt.
Im ersten Teil meiner Dissertation (Kapitel I) habe ich untersucht, welche Wirbeltiere Mandelund Sonnenblumenfelder nutzen und welche Auswirkungen diese auf die Samenprädation in
Bezug auf die Verfügbarkeit von natürlichen und naturnahen Habitaten haben. Ich wählte 20
Mandel- und Sonnenblumenfelder in einer Agrarlandschaft in Israel als Untersuchungsflächen.
Untersuchungsflächen waren umgeben von unterschiedlichen Anteilen natürlicher (0-61%) und
naturnaher (0-70%) Habitate in einem 1000 m Radius. In jedem Studienfeld beobachtete ich
Vögel, fing Nagetiere und nahm Fraßspuren auf, um Samenprädationsraten festzustellen.
Innerhalb der Mandelstudienfelder führte ich außerdem Ausschlusexperimente durch, in
welchen ich physisch Vögeln oder Nagetieren oder beiden den Zugang zu Mandeln verwährte
um ihren relativen und kombinierten Einfluss auf die Samenprädation zu bestimmen.
Im zweiten Teil (Kapitel II) wurde von mir untersucht, wie natürliche und naturnahe Habitate,
welche Mandelfelder umgeben, die Samenprädation der Mandelwespe (Eurytoma amygdali
Enderlein) und das Vorkommen ihrer Parasitoide beeinflussen. Außerdem untersuchte ich
welchen Einfluss granivore Vögel auf die Mandelernte haben, da sie entweder Mandeln vor der
Ernte fressen (Fehlleistung) oder nach der Ernte überwinternde Nüsse (mummy nuts) fressen.
5
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Diese überwinternden Nüsse sind potentielle Habitate für Schädlinge, daher wäre die Prädation
dieser Nüsse eine Ökosystemleistung. Für diese Studie wählte ich 17 Mandelfelder mit
unterschiedlichen Anteilen von natürlichen und naturnahen Habitaten in der umgebenden
Landschaft. Zusätzlich erntete ich Mandeln um die Anzahl von Mandelwespen und ihren
Parasitoiden zu bestimmen, untersuchte Mandeln und überwinterte Nüsse auf Vogelfraßspuren
und führte Vogelbeobachtungen durch um Vogelarten und ihre Abundanzen zu ermitteln.
Im dritten Teil (Kapitel III) konzentrierte ich mich auf Vögel als wichtige Samenprädatoren und
untersuchte deren Auswirkungen auf die Sonnenblumenernte. Vögel sind dafür bekannt, dass
sie hohe Strukturen in der Landschaft als Aussichtspunkte und Verstecke nutzen. Hohe Bäume
in der Agrarlandschaft können somit die Samenprädation durch Vögel beeinflussen. Daher
untersuchte ich, ob das Vorkommen, die Distanz und die Anteile hoher Bäume (Baumhöhe > 5
m) und die Anteile der natürlichen Habitate in der Umgebung der Sonnenblumenfelder, zu
erhöhter Samenprädation durch Vögel führen. Ich entschied mich dazu zwei Ansätze der
Datenaufnahme zu verwenden, einen auf der Feldebene, einen auf der Landschaftsebene. Auf
der Feldebene sammelte ich Daten zur Samenprädation mit Hilfe eines Rasters über die Fläche
eines ganzen Sonnenblumenfeldes. Auf der Landschaftsebene, erhob ich Daten zur
Samenprädation an Feldrändern und im Inneren von 20 Sonnenblumenfeldern. Die
Samenprädation wurde von mir als prozentualer Anteil der entfernten Samen je Sonnenblume
bestimmt. Außerdem wurden die Distanz zum nächsten hohen Baum, der Flächenanteil
natürlichen Habitats und der Anteil hoher Bäume in 1 km um die Felder bestimmt.
Die Ergebnisse meiner ersten Studie zeigen, dass weder die Abundanz noch der Artenreichtum
von Vögeln und Nagetieren durch den Anteil an natürlichem Habitat in der umgebenden
Landschaft beeinflusst werden. Allerdings erhöhte sich der Artenreichtum von Vögeln mit
zunehmendem Anteil von naturnahem Habitat. Samenprädation in Mandeln und Sonnenblumen
wurde nicht direkt von natürlichen oder naturnahen Habitaten beeinflusst, nahm jedoch deutlich
mit zunehmendem Artenreichtum und zunehmender Abundanz von Vögeln zu. Dies spiegelte
sich auch in den Ausschlussexperimenten wieder, da der Ausschluss von Vögeln, Nagern oder
beiden zu niedrigerer Samenprädation führte.
Auch in der zweiten Studie hatte natürliches Habitat keinen Einfluss auf die untersuchten
Ökosystemleistungen oder Fehlleistungen. Samenprädation durch die Mandelwespe wurde
positiv durch das Vorkommen naturnahen Habitats beeinflusst. Die Abundanz von Parasitoiden
wurde nicht von umgebenden natürlichen oder naturnahen Habitaten beeinflusst. Die
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Vogelabundanz wurde jedoch durch naturnahes Habitat negativ beeinflusst. Die Abundanz von
granivoren Vögeln zeigte keinen Einfluss auf Samenprädation an erntereifen und
überwinternden Mandeln.
Die Ergebnisse meiner dritten Studie zeigen, dass Samenprädation an Sonnenblumensamen
stärker ausgeprägt ist je näher der nächste hohe Baum ist. Dies gilt für einen Radius bis 50 m.
Der Anteil von hohen Bäumen und natürlichem Habitat in der umgebenden Landschaft führte
nicht zu einer erhöhten Samenprädation.
Synthese und Anwendungen
Die

Agrarökosystem

Fehlleistungen

Samenprädation

durch

Vögel,

Nagetiere

und

Mandelwespen wurden nicht durch natürliches Habitat beeinflusst. Daher ist der Schutz
natürlicher Habitate für die Erhaltung oder zur Verbesserung der Agrarökosystemleistungen
von

Nützlingen,

wie

natürliche

Schädlingsbekämpfung

und

Bestäubung,

nicht

notwendigerweise mit Nachteilen für die Landwirte verbunden. Allerdings kann naturnahes
Habitat Schädlinge unterstützen und unterschiedliche Auswirkungen auf verschiedene
Leistungen und Fehlleistungen haben. Samenprädation an Sonnenblumen durch Vögel kann
reduziert werden wenn Sonnenblumenfelder weiter als 50 m entfernt von hohen Bäumen
angebaut

werden.

Die

hohen

Bäume

in

den

naturnahen

Habitaten

meines

Untersuchungsgebietes sind eingeschleppte Arten und daher nicht natürlich vorkommend. Um
detailliertere Bewirtschaftsungs-Empfehlungen für die Unterbindung von Fehlleistungen durch
Wirbeltiere und Wirbellose geben zu können, ist es wichtig, ihr Fraßverhalten,
Stoffwechselbedürfnisse, Verhaltensmuster und lokale Abundanzen zu berücksichtigen.
Landwirte müssen sich verschiedener Leistungen und Fehlleistungen bewusst sein um
nachhaltige Landwirtschaft planen und betreiben zu können.
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"The ecosystem services concept"
The human population has increased from three to seven billion people in the past 50 years, and
agricultural areas now cover almost 40% of the total earth’s ice-free terrestrial land. As the
global population continues to increase and is estimated to reach nine billion by 2050, the
pressure on natural and semi-natural habitats is growing (Roberts, 2011) also due to agricultural
intensification. While in 1700 95% of terrestrial ice-free areas were covered by natural and
semi-natural habitats, in 2000 more than half of these areas have been transformed to
agricultural areas. As a consequence, natural and semi-natural habitats have declined
substantially and got fragmented in many landscapes (Foley et al., 2005; Ellis et al., 2010),
leading to a strong decline of biodiversity (Pimm & Raven, 2000).
Habitats with high biodiversity do not just inhabit a diverse number of species but also their
functions, which are often interactions between different species (Scherber et al., 2010). These
so-called ecosystem functions can be defined as the capacity of natural processes and
components to provide goods and services, directly or indirectly, that satisfy human needs and
can be grouped into four categories: regulation functions, habitat functions, production
functions and information functions (de Groot et al., 2002). All of these functions are important
in sustaining functional ecosystems (Hector & Bagchi, 2007). Some ecosystem functions have a
direct benefit for humans and are termed ecosystem services. These ecosystem services are
generated from numerous interactions occurring in complex ecosystems with high biodiversity
(Harrison et al., 2014). The relationships and links between biodiversity and the provision of
ecosystem services are complex and still involve many uncertainties, hence further research is
necessary (Balvanera et al., 2013; Harrison et al., 2014). Ecosystem services have been defined
as “the conditions and processes through which natural ecosystems, and the species that make
them up, sustain and fulfill human life” (Daily, 1997). Ecosystem services can be classified into
four main categories: provisioning, supporting, cultural, and regulating services (MEA, 2005).
Agricultural ecosystems are highly dependent on some of these ecosystem services since they
are managed to optimize the provisioning ecosystem services of food, fiber, and fuel.
Furthermore, in the process of managing the provisioning of these ecosystem services they rely
on supporting services like soil fertility, nutrient cycling, water provisioning and genetic
diversity and regulating services like pollination, dung burial, natural control of plant pests and
water purification (Zhang et al., 2007) (Fig. A).
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There are three dimensions to ecosystem services research. (1) The characterization and
explanation of interdependencies between humans and natural systems (Balmford et al., 2011;
Collins et al., 2011), (2) ecosystem services related to species loss and hence linked to
biodiversity conservation (Gómez-Baggethun et al., 2010), (3) the implications of changes to
ecosystem services for human well-being (Fig. A) (de Groot, 1987; Daily et al., 1997; Costanza
et al., 1998). These three dimensions are considered the foundation of the ecosystem service
concept (Costanza, 2000; Wilson & Howarth, 2002; Chan et al., 2006). Therefore the
ecosystem service concept is of an interdisciplinary nature (Collins et al., 2011), and ecosystem
services have become a topic in social sciences and economics.

Figure A: Ecosystem services and their influences on constituents of human well-being.
Modified after MEA, 2005.

Ecosystem services have an estimated value of 125 to 145 trillion US $ per year and the loss of
ecosystem services due to land use change between 1997 to 2011 is estimated 4.3 to 20.2
trillion US $ per year (Costanza et al., 2014). This numbers can give an impression of the value
of ecosystem services, but should be considered carefully since calculated values of ecosystem
11
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services may vary depending on the valuation method (Spangenberg & Settele, 2010). Lately
ecosystem services have also been directly linked to sustainability since the notion of
sustainability can provide a framework for using the ecosystem service concept as tool for
considering and managing societal obligations to humans and the natural environment (Abson
et al., 2014). Abson et al. (2014) found that the ecosystem service concept can become a
transformative tool for sustainability into transdisciplinary research, but since the ecosystem
service concept has been promoted as a management tool, there is a need to more fully consider
the role of normative knowledge in both the conceptualization of ecosystem services as a
scientific concept and as a means of guiding the enhancement of both, systems knowledge and
transformative knowledge.

Ecosystem services, ecosystem dis-services and their influence on agriculture
One important ecosystem service is natural biological pest control by wild vertebrates and
invertebrates. These natural pest control services are freely available without causing costs like
pesticides, that might be ineffective (Bianchi et al., 2006; Motzke et al., 2013). It is
increasingly acknowledged that beneficial insects (naturally available bio-control agents from
nature, hereafter referred to as bio-control agents) provide valuable services and the interest in
developing strategies to conserve them is growing (Bianchi et al., 2006; Kremen & ChaplinKramer, 2007). Natural habitats support bio-control agents, by providing habitats and resources
over an entire season (Dennis & Fry, 1992; Thies & Tscharntke, 1999; Bianchi et al., 2006).
These bio-control agents often move from natural habitats to agricultural fields to temporally
access prey resources concurrently providing natural pest control. Therefore, crop fields with a
higher percentage of natural habitats in their surrounding landscape can experience low pest
abundance through high pest control (Veres et al., 2013).
Natural and semi-natural habitats are known to be important for beneficial organisms, providing
ecosystem services like natural pest control and pollination. Hence, habitat and biodiversity loss
caused by agricultural intensification can negatively influence agro-ecosystem services
(Tscharntke et al., 2005) and have negative impacts on human well-being (Díaz et al., 2006).
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Table A: The main ecosystem services and ecosystem dis-services to agriculture, where they
can be found and who are the suppliers. Modified after Zhang et. al., 2007.

Studies focusing on the positive effects of biodiversity on agricultural production often neglect
the possible negative effects that may co-occur. Vice versa, if negative effects are known the
positive effects are often not accounted for (Shapiro & Báldi, 2014). This creates an imbalance
between accounting for benefits and damages that nature causes to societies (Shapiro & Báldi,
2014). Natural habitats can, besides their positive effects, promote organisms that have a
negative effect on crop production either directly by consuming parts or whole crop plants
(herbivores, frugivores, granivores) or indirectly by transmission of diseases (specifically,
fungal, bacterial and viral diseases) (Dunn, 2010; Keesing et al., 2010; Blitzer et al., 2012).
Crop pests decrease crop productivity and in the worst case can result in complete crop loss
(Zhang et al., 2007). These so termed ecosystem dis-services (Table A) are frequently
overlooked (Ghazoul, 2007), but with the growing human demand for food (Hobbs, 2007; Dias,
2010; Godfray et al., 2010), predation of crops by pest species is of vital concern.
It is well known that insect pests negatively influence crop production (Eilers and Klein, 2009;
Cini et al., 2012; El-Wakeil and Volkmar, 2012) but also seed or fruit predation by vertebrates
cause crop yield reductions (Moran & Keidar, 1993; Ahmad et al., 2011; de Mey et al., 2012).
13
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For example, birds are found to be agricultural pests by feeding on crop seeds (Fig. B) like
almond (Emlen, 1937), sunflower (Ahmad et al., 2011), and rice (de Mey et al., 2012).

Figure B: left side: Eurasian Jay (Garrulus glandarius L.) in a sunflower field perching on a
sunflower head, right side: Eurasian Jay feeding on sunflower seeds. Photos by Noam Weiss.

Furthermore, non-crop plants can reduce agricultural productivity by competing for resources
(Stoller et al., 1987). Water consumed by wild plants can reduce water available to agricultural
plants (van Wilgen et al., 1998; Zavaleta, 2000) and competition for pollination between
flowering weeds and non-crop plants can reduce crop yields (Free, 1993).
Ecosystem services and dis-services can be closely linked when involving interactions of
different trophic levels, services and dis-services that can influence each other (Fig. C). Pest
insects provide dis-services by destroying crops but their natural parasitoids provide a service
by reducing numbers of pest insects (Schmidt et al., 2003). For sustainable agricultural
planning, combined studies of ecosystem services and dis-services and the effect of different
habitats on these functions are necessary, and should ideally lead to useful management
strategies in agricultural areas to support ecosystem services without increasing dis-services
(Lavandero et al., 2006; Isaacs et al., 2009).
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Figure C: Ecosystem services and dis-services to and from agriculture. Solid arrows indicate
services, whereas dashed arrows indicate dis-services. Modified after Zhang et. al., 2007.

Some animal groups can provide services as well as dis-services, depending on the species,
ecosystem or time. For example, insectivorous birds might have a negative effect on beneficial
insects and frugivorous and granivorous birds might destroy large quantities of fruit or seed
harvests (Linz et al., 2011; de Mey et al., 2012), thereby providing a dis-service.
However, insectivorous birds can provide an ecosystem service by reducing the negative impact
of insect pests to agriculture such as the coffee berry borer in coffee plantations (Johnson et al.,
2010; Karp et al., 2013) or caterpillars in apple orchards (Mols & Visser, 2007). Ecosystem
services by granivorous birds are mostly unknown, but there is evidence that granivorous birds
contribute to weed control by consuming large quantities of weed seeds (Kelly & McCallum,
1990) and also pest insects (Wenny et al., 2011). Yet limited knowledge exists on the factors
that influence seed predation by vertebrates. Largely unexplored are the relationships between
natural and semi-natural habitats surrounding production areas with regards to abundance and
richness of vertebrate crop predators and seed predation rates.
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The relevance of this topic for Israel
In Israel, agriculture is an important source of income. Most of the consumed vegetables and
fruits in Israel are also produced within the country. However export of fruits and vegetables to
other countries is important for Israel economically (Tubi, 2005). Therefore, great effort is
made to make agriculture as lucrative as possible. The prevention of pest outbreaks (e.g.
insects, diseases) in agricultural fields is one of the main issues for farmers and the Ministry of
Agriculture (personal communication with Yoav Motro, Ministry of Agriculture in Israel).
Hence the monetary amounts that are currently invested by farmers to buy insecticides,
fungicides etc. are extremely high (personal communication with farmers of the study area).
But in recent years, the “organic movement” also arrived in Israel and increasing numbers of
consumers aim to buy food that is produced without chemical pest suppressors. A company in
Israel called bio bee was founded to match these needs (http://www.biobee.com/). Bio bee
breeds different species of bio-control agents, mainly against pest insects, which can be applied
directly in the fields and on plants of concern. This method of biological pest control is reported
by farmers to be effective and the demand for more bio-control agents against other pests is
growing. Furthermore, farmers are highly interested in gaining knowledge on how to enhance
the surrounding of their fields to support naturally occurring bio-control agents (personal
communication with the farmers). Unfortunately many pests still have to be controlled with
chemical inputs, because no suitable agents have been found yet or breeding them
commercially is just not feasible. This increases the costs of agricultural production by reducing
yield and by the additional agro-chemical inputs (Ghazoul, 2007). One of the crops of Israel is
the almond and one of its main pests is the almond wasp (Eurytoma amygdalii Enderlein). The
larvae of the wasp are destroying large amounts of the almond harvest in Israel, by feeding on
seeds before harvest. In spring the adult wasp lays an egg in an almond, which is just at the
beginning of its development. The larva of the wasp grows in the almond shell, feeds on the
seed and overwinters in the almond. The adult wasp emerges in the next spring to mate and lay
new eggs (Plaut, 1971; Kouloussis & Katsoyannos, 1994). Infested almonds are not useable for
the farmers and worse, if they remain on the trees after harvest, the next generation of almond
wasps develops within them. Invertebrates which could be bio-control agents of the almond
wasp have not been identified yet. However, seed eating birds and rodents, which live in the
almond orchards or their surroundings, might break this circle by feeding on infested almonds
and thus destroying the nut-destroying wasps. But whilst granivorous birds could act as biocontrol agents after harvest, they can also act as a pest while feeding on healthy non-infested
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almonds before harvest. Birds are known to attack agricultural crops like almond (Emlen,
1937), sunflower, maize (Ahmad et al., 2011; Linz et al., 2011) and rice (de Mey et al., 2012).
In sunflower fields in Israel, birds are considered to be one of the main pests and farmers suffer
high losses because of birds feeding on sunflower seeds (Nemtzov, 2003). Furthermore, farmers
in Israel fear wildlife will spill over from natural habitats surrounding their fields to the crop
plants (Batáry et al., 2010; Kleijn et al., 2011) and that this wildlife might act as pest. Scientific
evidence for almond and sunflower in Israel on this matter is missing and the real impact of
semi-natural and natural habitat on agriculture is unknown. Natural habitat in my study area
contains open shrub land with different grasses, herbs and shrubs but no high trees; while seminatural habitat is a mixture of shrub land with planted, mostly not native high trees (higher than
5 m) like eucalyptus species or planted forests of mostly different pine species.
To improve our knowledge about pests and bio-control agents (parasitoids, predators), how
their abundances are connected to the surrounding of the fields and if the provisioning of
services and dis-services changes along a landscape gradient and within the year, I conducted a
series of studies in almond orchards and sunflower fields of the Judean Foothills in Israel. I
investigated the influences of birds (Fig. D), rodents and invertebrates on almond and sunflower
seed predation, if they act as pests or bio-control agents and the impact of the landscape (natural
and semi-natural habitat) on services and dis-services.

Figure D: Bird data collection in an almond orchard. Photo by Jessica Schilde.
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General approaches and main research questions
The overall goals of my dissertation were to study the effects of landscape context on
vertebrate-invertebrate-plant interactions and to explore the potential functional consequences
of these effects on crop production. Since the results of my study were meant to improve our
knowledge of the sustainable use of the ecosystem service of natural pest control and how to
avoid the dis-service of seed predation in agro-ecosystems, I applied the following approaches.
One approach included real-world field experiments where I collected data about bird and
rodent abundances and species richness in almond orchards and sunflower fields in different
seasons of the year over several years, by using observation and trapping methods. I collected
invertebrate data by collection and storing almonds and seed predation rates in sunflower by
counting absent seeds. To add experimental evidence from controlled environments about seed
predation, I conducted an exclusion experiment in the almond orchards excluding birds and / or
rodents from almond access (Fig. E).

Figure E: Exclusion experiment in almond orchard. Black polygal wrapping on trunk against
rodents, bird net covering a branch against birds and red and white ties are marking the tree.
Photo by J. Schäckermann.
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My research included two aspects of functional biodiversity:
1) Ecological understanding of factors that determine diversity patterns of pests and bio-control
agents by:


Identification of pests and bio-control agents and habitats used.



Measuring changes in species richness, abundance and composition in almond orchards
and sunflower fields, along a gradient of natural and semi-natural habitat towards manmade habitats in the surrounding of the orchards and fields.

2) Finding functional consequences of changing community composition of pests and biocontrol agents by:


Measuring seed predation caused by vertebrates and invertebrates.



Measuring vertebrate and invertebrate pest control services provided by bio-control
agents.



Evaluating if ecosystem dis-services can turn to services for agricultural production
(seed predation versus removal of overwintering nuts by vertebrates).



Evaluating interactions between services and dis-services and their potential combined
effects on crop production.

Specifically I addressed the following research questions:
1) Which species of pests and bio-control agents (predators, parasitoids) and their hosts
inhabit almond orchards and sunflower fields and their surroundings? What are their
abundances?
a. For vertebrate species?
b. For invertebrate species?
2) How does a gradient of decreasing natural and semi-natural habitats influence
a. Vertebrate species?
b. Dis-services?
c. Invertebrate species?
3)
a. Do services / dis-services interact?
b. Can dis-services turn into services when considering different seasons?
c. What are the predictors of disservices?
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Summary of aims and methods
Chapter I aims to answer questions (1a), (2a, b). The motivation for this study was to find
scientific evidence for the claim of farmers that vertebrates, like birds and rodents, have a
severe negative impact on almond and sunflower yields in Israel. Furthermore, I investigated if
the fear of farmers, that natural and semi-natural habitats surrounding their fields attract higher
numbers of vertebrate seed predators was justified. Therefore I studied which vertebrates have a
negative impact on crop seed predation and if their impact is related to the percentage of natural
and semi-natural habitat (landscape gradient) in the surrounding of the fields. In 2010 I selected
20 almond and 20 sunflower study sites with varying percentages of natural and semi-natural
habitat in their surroundings within a 1000 m radius. To answer questions (1a) and (2a) I
observed birds, trapped rodents, counted seeds, noted feeding marks and related these to the
landscape gradient. In the almond orchards I conducted an exclusion experiment to answer
question (2b) and I determined the influence of birds and rodents on seed predation. Therefore,
I physically excluded birds, rodents, birds and rodents in combination and set up a control
without vertebrate exclusion.
Chapter II aims to answer question (1b), (2b, c), (3a, b). I investigated if the main pest to
almond in Israel, the almond wasp, is influenced by the surrounding natural or semi-natural
habitats and / or if these habitats influence parasitoids of the almond wasp. Additionally, the
role of granivorous birds in almond orchards was surveyed and their connections to surrounding
habitats were investigated. I chose 17 almond orchards with varying percentages of surrounding
natural and semi-natural habitat. To answer question (1b) and (2b, c) I harvested almonds and
identified invertebrate pests and parasitoids in almonds. To answer question (3a) I looked for
relations between the pests and parasitoids. To answer question (3b) I observed birds and
identified bird feeding marks on leftover nuts form the previous year and on nuts from the
recent year and studied their impact on harvestable nuts before harvest (recent year, dis-service)
and on leftover nuts from the previous year which are known to be breeding habitats for the
almond wasp (service).
Chapter III addresses questions (2b) and (3c). I studied how birds as seed predators of
sunflowers and therefore pests are influenced by the presence, abundance and distance of high
trees which function as bird perches. I suspected that high introduced, non-native trees have a
negative influence on harvest since they might attract birds, but scientific evidence was
missing. I chose a single sunflower field in 2010 for a field scale study and 20 sunflower fields
in 2012 for a landscape scale study. I assessed seed predation across the whole field in 2010
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with help of a grid system and on margin and interior sampling points in all fields in 2012. I
furthermore measured distances to the next high tree from each sampling point and measured
the percentage of high trees and natural habitat in the surrounding of the field. I then related the
seed predation with the different landscape variables.
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Summary of Results
In Chapter I, I investigated which species of vertebrates can be found in almond and sunflower
fields and if their impact on crop seed predation is related to the percentage of natural and
semi-natural habitat surrounding the crops. In almond orchards, I observed 795 individual birds
of 32 species, including 357 individuals and 11 species of granivorous and hence potentially
seed predating birds. In sunflower fields, I observed 620 individual birds of 33 species
including 422 individuals of 13 species of granivorous birds. I only trapped one Tristram´s jird
(Meriones tristrami Thomas) and one house mouse (Mus musculus L.) in the almond orchards.
The abundance of all birds and of granivorous birds in the study sites was not correlated to an
increasing percentage of natural habitats. I did find though that the bird species richness
increased with increasing percentage of semi-natural habitat. Furthermore, I observed that the
number of bird species was significantly higher at the edge compared to the interior of the
study sites (edge effect). This was not true for just granivorous birds or for the abundance of
birds. The percentage of natural and semi-natural habitat had no influence on seed predation.
But I found that also, seed predation was significantly higher in the edge than in the interior of
the study sites (edge effect). The percentage of seed predation increased with increasing
abundance and species richness of birds. I performed an exclusion experiment in the almond
orchards where I excluded birds, rodents, both or none from almond access. Compared to the
exclusion of both, the percentage of seed predation increased significantly when just birds had
access to the almonds, when just rodents had access to almonds and when both had access to
almonds.
In Chapter II, I focused on the question how natural and semi-natural habitats surrounding
almond fields influence almond pest infestation and predation by the almond wasp (disservice), the abundance of its parasitoids (service) and how these habitats influence
granivorous birds.
Almond wasps caused between 0 % and 77 % of almond predation and I observed higher
almond wasp predation at the edge of orchards than in the interior (edge effect), with seminatural habitat having a positive effect on almond wasp predation. I recorded 611 parasitoid
individuals with 43 individuals (7%) from the genus Adontomerus, but in general parasitoid
rates were low. Parasitoid abundance was not influenced by the percentage of semi-natural or
natural habitats surrounding the orchards and I did not detect an edge effect. I observed a total
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of 220 granivorous birds from 20 species in all orchards. I did not find that the surrounding
habitat had an effect on granivorous bird abundance, but the percentage of semi-natural habitat
negatively influenced the abundance of granivorous birds. I found that parasitoid abundance
was positively related to the percentage of almond wasp predation and that the percentage of
almond wasp predation of the current year was positively influenced by almond wasp predation
of the previous year (almond wasp predation in mummy nuts). On average, 56% of the almond
shells found on the ground in orchards had bird feeding marks, rodents accounted for 3% of the
damage and 41% of the almond shells did not show any feeding marks. I did not find a
correlation between granivorous bird abundance and the number of mummy nuts. Granivorous
bird abundance was also not related to the bird feeding marks on almond shells under the trees.
Different to the first two chapters, chapter III concentrated directly on birds as seed predators
and the drivers for bird seed predation. Here, seed predation on sunflower seeds (Fig. F) at the
field scale, decreased with increasing distance to the closest high tree within 50 m. At the
landscape scale, seed predation at the field margins was higher than in the interiors of the
fields. Similar to the findings at the field scale, seed predation at the margin sampling point of
sunflower fields decreased with increasing distance to the closest high tree with a threshold of
50 m. When testing the effect of the 50 m threshold at the landscape scale, seed predation at the
margin sampling point of sunflower fields was higher in fields surrounded by high trees within
50 m than in fields without high trees in this radius. At the margins, I found an average seed
predation rate of 37%, with a maximum of up to 92% if high trees were present within 50 m.
Less than 5% seed predation was observed at field margins if the closest high tree was further
than 50 m away. While seed predation at the margins decreased with increasing distance to the
closest high tree, it was not related to the overall percentage of tree cover in the surrounding
landscape. Seed predation by birds at both sampling points was not related to the percentage of
natural habitat surrounding the fields.
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Figure F: Sunflower heads with ripe seeds on the left. On the right, after feeding activity by
Rose-ringed parakeet (Psittacula krameri Scopoli).

General Discussion
Species of pests (dis-service) and natural bio-control agents (service)
My results show that birds and rodents occur in almond fields and birds also occur in
sunflower fields, acting as seed predators (Fig. G). Even though I did not catch many rodents in
almond fields, I found them acting as seed predators in the almond exclusion experiment.
Additionally, I found rodent as well as bird feeding marks on nuts under the trees. Therefore,
vertebrates foraging in almond and sunflower fields are birds and rodents of different species.

Figure G: Almonds on tree with vertebrate feeding marks. Considering the appearance of the
feeding marks, they most likely resulted from rodents.
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Other studies also report birds in agricultural crops like the Canada goose (Branta canadensis
L.), the Chukar partridge (Alectoris chukar Gray), the Rose-ringed parakeet (Psittacula
krameri Scopoli), the Ring-necked phesant (Phasianus colchicus L.) and Blackbirds
(Icteridae), some of them are severe pests to agriculture (Moran, 2003; Linz et al., 2011;
Radtke & Dieter, 2011). The main bird species I observed damaging the sunflower harvest by
predating sunflower seeds was the Rose-ringed parakeet (Psittacula krameri Scopoli). This
bird has been described as one of the main bird pests to agriculture in Israel (Nemtzov, 2003).
To a lesser extent I also observed Hooded crows (Corvus cornix L.) and Eurasian jays
(Garrulus glandarius L.) in the sunflower study sites, while collecting seed predation data. The
exclusion experiment and the feeding mark collection in almond fields showed that birds are
the main drivers for seed predation in almond fields. Rodents were found to do less but still
significant damage due to seed predation. In the exclusion experiment, I furthermore observed
that also invertebrates caused some seed predation in almonds; I especially observed ants to
feed on almond seeds. Invertebrates are known seed predators (Andersen, 1988; Cummings et
al., 1999) and could access almonds, which were protected from birds and rodents. The other
main invertebrate I found infesting and destroying almonds was the almond wasp (Fig. H). I
recorded predation rates between 0% and 77%. I furthermore found invertebrate parasitoids in
the collected almonds from the genus Adontomerus, but in very low rates. Little is known
about parasitoids of almond wasps and to the best of my knowledge; no research exists for the
parasitoid species of the almond wasp in Israel. The difficult identification of these parasitoids
that requires expert identification skills might play a role in this. With low parasitoid rates
effective bio pest control is not possible. Further studies are necessary to find the limiting
factors for parasitoids like suitable habitats (Lewis et al., 1998; Shaw, 2006; Holzschuh et al.,
2009) which can provide food, nesting sites and refuges for natural pest enemies (Thies &
Tscharntke, 1999; Bianchi et al., 2006). Research is needed to create fitting habitats according
to the needs of specific natural enemies, which is a key issue for the successful application of
functional agrobiodiversity (Pfiffner, 2014).
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Figure H: On the left: The almond wasp emergence holes marked with black arrows. On the
right: adult almond wasps. Left picture modified after
http://cultivodelalmendro.blogspot.co.il/2013/03/avispilla-del-almendro-eurytoma.html,
right picture modified after H. Dumas.

The influence of natural and semi-natural habitat on pests and service agents and their
interactions
The concerns of farmers, that natural habitat might be a driver for pests in almond and
sunflower fields; were miscalculated. I did not find bird abundance or bird species richness, for
all and for granivorous birds, to be related to the percentage of natural habitat in the
surrounding. Also almond wasp infestation and parasitoid abundance in almond and bird seed
predation in sunflower fields was not related to natural habitat. In total, I did not find any
negative impact of natural habitat on agriculture, not by enhancing pests or by reducing
services. Therefore, farmers do not need to fear any dis-service or disadvantage from natural
habitat with regards to bird seed predation and almond pests. Future landscape planning can
consider promoting natural habitats in agricultural areas adjacent to crops for nature
conservation reasons (Batáry et al., 2010; Fischer et al., 2010b; Tscharntke et al., 2012) and for
enhancing services to agriculture like pollination by wild pollinators or pest control services by
vertebrates and invertebrates (Bianchi et al., 2006; Mandelik et al., 2012). Similar studies
should be conducted in other study regions to understand to which landscapes and regional
conditions these recommendations concerning natural habitat can be transferred.
For semi-natural habitat I found a more diverse set of results. The bird species richness was
higher with a higher percentage of semi-natural habitat in the surrounding of almond and
sunflower fields. Semi-natural habitat in my research area is interspersed with trees that might
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act as perches for birds. This can result in higher species richness in adjacent fields, because of
a more diverse habitat compared to natural habitat which is lacking trees (Miller & Cale,
2000). Therefore, the positive relationship of bird species richness with semi-natural habitat
but not with natural habitat may be explained by absent perches in the natural habitat. When I
investigated the abundance of granivorous birds in almond fields I found a negative influence
of percentage semi-natural habitat on the bird abundance. The availability of high trees, which
are often used by raptors for perching (Hall et al., 1981; Preston, 1990), can attract a higher
number of raptors and their presence might scare off granivorous birds, since they may be prey
for the raptors (Darawshi et al., 2006). Even if semi-natural habitat did improve the species
richness of birds, I did not find a higher abundance of granivorous birds, which could act as
seed predators and thus would be classified as pests.
Semi-natural habitat did have a positive effect on almond wasp predation rates, but their
parasitoids were not influenced by semi-natural habitat. Hence the dis-service was enhanced by
semi-natural habitats but not the service. The link between semi-natural habitat and almond
wasp seed predation might be through wild seeded almond trees in the semi-natural habitat,
providing habitat for almond wasps (Plaut, 1971; Kouloussis & Katsoyannos, 1994) but also an
indirect link through predation pressure might be possible. Granivorous birds that act as seed
predators were less abundant in sites with higher semi-natural habitat in their surroundings.
Granivorous birds possibly act as cleaning agents after harvest by feeding on leftover
(mummy) nuts that are breeding habitats for the next generation of almond wasps and the birds
would therefore provide a valuable service to farmers by controlling the pest abundance of the
next season. If these birds appear in lower numbers in the sites, the cleaning effect might be
less effective leading to higher pest abundances. This would also mean that the dis-service of
bird seed predation before harvest could turn into a service after harvest by destroying the
habitat for invertebrate pests. To investigate this theory, exact relations between granivorous
birds, semi-natural habitat and almond wasp abundances need to be surveyed in more detail as
well as the exact influence of bird seed predation after harvest. Hence data collection of bird
feeding behaviour after almond harvest and almond wasp abundances of several years would
be needed. With in-depth knowledge of these links it would be possible to develop
management strategies for agricultural areas that support beneficial organisms without
increasing pest pressures (Isaacs et al., 2009; Martin et al., 2013), and to give more precise
management recommendations to farmers. Hence detailed knowledge about specific pests and
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bio-control agents for different services and dis-services is needed to plan the location,
distribution, and size of agricultural fields in an advanced matter.

Predicting Services and Dis-services
In the field and landscape scale study I conducted in sunflower fields, I found that the disservice of seed predation increased strongly with decreasing distance to the closest high tree or
tree group within 50 m. Birds were the main sunflower seed predators and therefore pests in
my study area. Our results agree with the findings of Hanspach et al. (2011) who found that
scattered trees were key habitat structures for birds in semi-natural open areas. In areas with
higher bird abundance, the pressure to locate food might be stronger and the foraging distance
of 50 m might be exceeded. In the field scale study I found the highest dis-service of bird seed
predation at the margin of the field adjacent to a high tree or small group of trees. The
dependence of granivorous birds on trees might explain the high spatial variance in seed
predation between different fields but a higher percentage of tree cover did not result in higher
seed predation. Hence, this dis-service seems to be related to bird perches like high trees. Also
Fischer et al., (2010a) found that the number of trees is not important but the general presence
of a single tree drives the bird richness. Therefore, individual trees and other perches should be
taken into account in land-management planning and growing sunflowers distanced from high
trees as well as removing non-native trees in agricultural areas might decrease this dis-service.
If granivorous birds, which are pests of almond before harvest (dis-service), would destroy
almond wasp habitats after harvest, they could provide an important service of “bird cleaning”.
Especially during bird migration, high numbers of birds pass through Israel in spring and
autumn, thus before almonds are attractive to birds and after harvest. Migratory and
overwintering granivorous birds can therefore not damage the crop but might act as service
agents after harvest. The timing of pest predator arrival to agricultural fields was found to be an
important issue for mediating pest control in agro ecosystems (Costamagna et al., in press) the
same might apply for bird seed predation. In my study, I did not find that bird abundance was
related to almond losses before harvest (dis-service) or destruction of mummy nuts (service).
However, bird abundance data was collected after harvest but a change in bird abundance
before and after harvest is likely due to migration. To examine the “bird cleaning” impact, bird
feeding rates on almonds need to be investigated after harvest for a couple of months and to be
compared with almond wasp predation rates of several years. Furthermore, the exact species
64

General Discussion

providing the potential “bird cleaning” should be identified. Bird species which are known to
be service agents could be supported by improving their habitats for example with feeding
stations (Robb et al., 2008) or water sources (Johnson, 2007). Also land sharing (e.g. agrienvironment schemes, organic agriculture, environmental certification (Law & Wilson, 2015))
was found to benefit bird populations and crop production, due to the service of pest control
provided by beneficial birds (Railsback & Johnson, 2014).

Agricultural management recommendations
Because I did not find a negative effect of natural habitat considering crop seed predation I
recommend the consideration of conserving or restoring natural habitats adjacent to crop fields,
to increase possible services to agriculture like pollination and pest control. Semi-natural
habitat did have different positive and negative influences on agriculture and thus should be
considered carefully in agricultural planning. Converting semi-natural habitat to a more
“natural” state by reducing the abundance of non-native trees might mitigate this dis-service.
But trees in Israel are protected by law, hence I think this might be a difficult and time
consuming task and to convince pro forest activists like the Keren Kayemeth LeIsrael
(www.kkl.org.il) whose goal is a “green Israel” will be tough. Regardless future landscape
planning should take the impact of non-native trees into account when creating recreational
sites in agricultural areas. In my opinion landscape planning should work in partnership with
the farmers and scientists of the area to mitigate negative effects created by human hand before
they exist. My findings highlight the importance to manage natural and semi-natural habitats in
agricultural landscapes proactively to mitigate yield gaps (Bommarco et al., 2013). This
requires information of potential benefits (ecosystem services) and costs (ecosystem disservices) for different habitats and ecosystems. Considering trade-offs and interactions of
multiple ecosystem services and dis-services as well as different interspecific interactions
between pests, their parasitoids, vertebrates and the influence of adjacent habitats as well as the
time of seed predation before or after harvest are crucial for land managers and policy makers
to enable sustainable management and maximize yields without compromising biodiversity.
Birds which were counted after harvest were not found to be related to bird seed predation on
almonds before harvest. These birds could potentially provide an ecosystem services to
agriculture by removing over-wintering and infested nuts after harvest, reducing the impact of
almond wasps in following seasons. Birds and other vertebrates are known for controlling pest
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populations (Dix et al., 1995; Mols & Visser, 2007; Railsback & Johnson, 2014), and the
conservation and management of natural habitats in agricultural landscapes to enhance
beneficials habitats should be further considered and studied. Gilroy et al. (2014) for example
recently concluded that agri-environmental schemes on farmland (land sharing) are most
effective for bird conservation when large blocks of natural habitats are available in these
landscapes (land sparing).
According to my findings farmers should avoid growing crops, which are susceptible to seed
predation by birds, adjacent to high trees that act as perches. The location and shape of fields
should therefore be planned according to surrounding conditions. By growing bird seed
predation sensitive crops at least 50 m away from bird perches and reducing the abundance of
non-native trees bird suppression methods like culling or poisoning, could possibly be replaced
by these advanced crop planning methods. These results show that for the planning of
agricultural landscapes information on the habits of target pest species are valuable. Hence,
future research should aim to understand the habitat requirements of pests and their foraging
behavior.

General conclusions and future directions
My study highlights that connections between ecosystem dis-services and specific habitats or
habitat structures exist. Interestingly, I did not observe that natural habitat increase ecosystem
dis-service, which would allow combined conservation and agricultural management efforts in
maintaining natural habitats in agricultural settings. Semi-natural habitat should be considered
carefully in agricultural planning, due to its possible different influence on different services
and dis-services. Single landscape structures like high trees can be predictors for dis-services,
here seed predation by birds, and should be therefore taken into account in agricultural
planning.
My study could address and answer some important questions concerning services and disservices in agricultural areas but like any other research project I also opened up new research
questions. In future research I would deepen the investigation about the effect of different
habitat types and structures on multiple ecosystem dis-services. In my study I could show that
semi-natural habitat has an effect on almond wasps, in future studies I would investigate which
structures in semi-natural habitat are influencing almond wasp abundance. I would continue
my research on parasitoids of the almond wasp, their limiting factors and if improved
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surrounding habitat conditions can improve their abundance. Maalouly et al. (2013) for
example found, that the parasitoid community of codling moth in apple orchards is dependent
on the presence of local hedgerows. Similar studies would also be sensible for the parasitoids
of the almond wasp. I would find it highly interesting to investigate the tradeoffs between
multiple ecosystem services and dis-services, since they can have different effects on each
other. Would, for example a high abundance of granivorous birds, doing a leftover almond
clean up in in almond fields after harvest, influence parasitoid abundances in the following
year by destroying their habitats? If so, which of these two services has the higher value for
farmers and should be supported?
I would continue my research on birds, but would go more into detail concerning bird seed
predation in almond fields after harvest, mainly in winter for overwintering birds. Seed eaters
like Chaffinch (Fringilla coelebs L.) or Greenfinch (Carduelis chloris L.) would be species of
interest because the bird cleaning they could conduct might be fairly high since these birds are
moving in flocks. In addition, I would continue to collect data about almond wasp predation
rates over several seasons to compare this dis-service with the overwintering bird data to see if
bird cleaning is an effective ecosystem service to agriculture.
I personally understood in the years of the preparation of my PhD the importance of scientists
working hand in hand with the people of the research area, in my case farmers. In my mind
applied science and research should try to address real world problems, find better solutions
and help people and nature to live friendlier, more sustainable and healthily together. This is
just possible if scientists really understand the needs and problems of people and nature, then
try to find the reasons for the problems and provide possible solutions. There is no point in
investigating a problem and offering a solution which cannot be applied in “real life”. Hence
scientists also need to know the limitations of applying their findings and should be in close
exchange with farmers or other locals. In my case it was very helpful to talk to farmers and
hear their side of the problem and also what they think could be a solution. Much knowledge is
gathered and passed from one generation to the next without any involvement of science.
Therefore it seems sensitive to approach farmers right at the beginning, before data collection
starts and keep them updated all the way. Like this they will also feel as part of the research
and more likely agree to implement the findings in the end. I discussed my findings with Yoav
Motro from the Ministry of Agriculture, who presented them in a conference especially for
farmers in Israel. Following my presentation some farmers phoned me to ask further questions.
Furthermore some of my findings were presented in the National Geographic Journal of Israel.
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General Discussion

Another life experience I gained through my PhD was that problems bring people together even
in conflict areas. The communication between Palestine and Israel is not always easy and many
people from each side never met anyone from the other side.
The coordinator of a cross border project about biological pest control in agriculture heard
about my research and invited me as a lecturer for an exchange visit between Palestinians,
Israelis and Jordanians. At the beginning of the exchange people kept sitting together in groups
connected to their country of origin. Then they started to talk about their challenges in crop
management practices. On the second day new groups had come together. The sunflower
farmers, the almond farmers, the olive farmers and so on of each country were sitting together
discussing their problems and possible solutions. At that point none of them cared about any
political conflict anymore as they all aimed to find solutions working for all of them. I was
amazed by the fact that simple life problems, like how to keep wild boar away from your crop,
can bring people together that would have never talked to each other otherwise. One quote of
one farmer at the end of the exchange visit was “I was surprised that we are all the same, they
are so much more like us than I thought”. If solving problems in farming can help bring people
together in crisis areas then we as scientists can be part of a peace process.
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Fig. S1: The bird was observed feeding on the same sunflower for several minutes. Missing
seeds were removed by the shown individual.

Fig. S2: The picture shows the mouse before removal from the trap, marking with colour codes
in the neck and release.
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Table S1: Correlation matrix of the explanatory landscape variables used to analyse wildlife
and seed predation. Correlation coefficients are given on white background, p-values on grey
background
Natural
habitat (%)

Semi-natural
habitat (%)

Field size
(ha)

Field age
(years)

Almond
Natural habitat (%)

-

0.6747

0.0591

0.4495

Semi-natural habitat (%)

-0.0759

-

0.5375

0.8152

Field size (ha)

-0.3320

-0.1113

-

-

0.1363

-0.0423

-0.0260

-

-

0.5573

0.2733

-

Semi-natural habitat (%)

-0.1096

-

0.0076

-

Field size (ha)

-0.2030

0.4702

-

-

-

-

-

-

-

0.5051

0.0520

0.5523

Semi-natural habitat (%)

-0.0848

-

0.7514

0.7506

Field size (ha)

-0.2441

0.0404

-

0.0513

0.0757

0.0405

0.2450

-

Field age (years)
Sunflower
Natural habitat (%)

Field age (years)
Almond and sunflower
Natural habitat (%)

Field age (years)
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Table S2: Wildlife abundance and species richness in relation to the crop systems (almond or
sunflower). Tested with generalized linear mixed model, fit by maximum likelihood.
Significant relationships are highlighted in bold.
Response variable

Estimates

Std. Error

DF

t - Value

p - Value

Abundance of all birds

-0.1303

0.1204

6

-1.0818

0.3209

Species richness of all birds

-0.2026

0.0868

6

-2.3333

0.0584

0.1792

0.1475

6

1.2147

0.2701

-0.1553

0.0904

6

-1.7179

0.1366

Abundance of rodents

3.2280

0.0850

4

37.9400

0.0000

Species richness of rodents

2.2640

0.6840

4

3.3100

0.0297

Abundance of granivorous birds
Species richness of granivorous birds
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Table S3: Correlation matrix of the response vertebrate variables. Correlation coefficients are
given on white background, p-values on grey background

Species
richness
of all
birds

Abundance
of all birds

Abundance
of graniv.
birds

Species
richness of
graniv. birds

Abundance of
rodents

Species
richness
of rodents

Abundance of
all birds

-

<0.0001

<0.0001

<0.0001

0.0985

0.4933

Species
richness of all
birds

0.7158

-

0.0018

<0.0001

0.8804

0.8569

Abundance of
graniv. birds

0.8167

0.4844

-

<0.0001

0.0050

0.1215

Species
richness of
graniv. birds

0.6940

0.7674

0.6677

-

0.3339

0.7911

Abundance of
rodents

0.2684

-0.0249

0.4401

0.1589

-

<0.0001

Species
richness of
rodents

0.1130

-0.0298

0.2521

0.0438

0.7462

-
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Table S4: Bird and rodent species in the almond sunflower study sites. Numbers present the
total abundance per species
Species
Birds
Acrocephalus scirpaceus
Alectoris chukar
Bubulcus ibis
Burhinus oedicnemus
Carduelis cannabina
Carduelis carduelis
Carduelis chloris
Circus aeruginosus
Circaetus gallicus
Columba livia
Corvus corvus
Corvus monedula
Dendrocopos syriacus
Falco tinnunculus
Galerida cristata
Garrulus glandarius
Halcyon smyrnensis
Hippolais pallid
Hirundo daurica
Hirundo rustica
Locustella fluviatilis
Merops apiaster
Milaria calandra
Nectarina osea
Parus major
Passer domesticus
Passer hispaniolensis
Phylloscopus collybita
Prinia gracilis
Psittacula krameri
Pycnonotus xanthophygos
Serinus serinus
Streptopelia decaocto
Streptopelia turtur
Sylvia atricapilla
Sylvia communis
Sylvia crasirostris
Sylvia curruca
Sylvia melanocephala
Turdus merula
Vanellus spinosus
Rodents
Mus musculus
Meriones tristrami
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Almond

Sunflower

0
1
14
21
0
26
15
0
1
4
32
1
2
3
93
45
0
1
0
2
0
0
0
4
39
79
5
9
63
23
11
1
228
7
2
0
1
10
13
30
9

20
1
0
0
2
52
5
1
0
0
7
6
1
4
215
2
1
0
11
3
1
10
4
7
6
43
0
0
73
34
44
1
13
25
6
1
0
1
16
1
3

1
1

46
2
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Table S1:
Summary of recent studies focusing on seed predation by birds in sunflowers published
between 2002 and 2014 and their main findings in the specific countries. For a full list of
vertebrate species feeding on crops in Israel see: Moran, S. (2003). Checklist of vertebrate
damage to agriculture in Israel, updated for 1993–2001. Phytoparasitica 31, 109–117.
doi:10.1007/BF02980779.
Study title

Species

Country

Main findings

Chronology and
spatial
distribution of
cockatoo damage
to two
sunflower hybrids
in south-eastern
Australia, and the
influence of plant
morphology on
damage
Optimizing the
use of decoy plots
for blackbird
control in
commercial
sunflower

Cockatoos
(Cacatua
spp.)

Australia

Taller or lager sunflower heads
were more, down-facing heads
were less susceptible to seed
predation. Early seed predation
occurred near margins; later the
whole crop was predated.

Blackbirds
(Icterinae)
(Agelaius
phoeniceus
, Quiscalus
quiscula,
Xanthocep
halus
xanthocep
halus)

USA
(northern
Great
Plains)

Effect of
morphological
traits of plant,
head and seed of
sunflower hybrids
on house sparrow
damage rate

House
Sparrow
(Passer
domesticus
)

Iran
(Karaj)

Comparisons
between
blackbird damage
to corn and
sunflower in
North Dakota

Blackbirds
(Icterinae)

USA
(North
America,
Prairie
Pothole
Region)

Application

Red-

USA

Lower blackbird seed predation
was found in commercial
sunflower fields that were closer
than 2.4 km to decoy sunflower
plots, than commercial
sunflower fields >10 km away
from decoy plots. In reference
sunflower fields, birds removed
3.2 times more sunflower seed
than in commercial sunflower
fields near decoy plots.
Sunflower heads suffering lower
seed predation by birds showed
flower head traits such as greater
diameter, flat and convex shape,
fewer angles to the horizon,
more down-faced heads, open
and longer bracts, longer
distances between adjacent stems
or heads, longer distance of
petiole from head, and lower
seed density.
Annual seed predation was on
average 5.0 x 10³ t (12 kg/ha, US
$1.3 million) for corn, 7.2 x 10³ t
(45 kg/ha, US $3.5 million) for
sunflower. Percent seed
predation was significantly
higher in sunflower than in corn
fields.
A positive concentration -

Journal and
Year
Agriculture,
Ecosystems
and
Environme
nt 91
(2002)
127–137

Authors

Crop
Protection
27 (2008)
1442–1447

Heath M. Hagy,
George M.
Linz, William J.
Bleier

Crop
Protection
30 (2011)
360-367

Abolghasem
Khaleghizadeh

Crop
Protection
53 (2013)
1-5

Megan E.
Klosterman,
George M.
Linz, Anthony
A. Slowik, H.
Jeffrey Homan

Crop

Scott J. Werner

Peter J.S.
Fleming, Arthur
Gilmour, Jim
A. Thompson
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strategies for an
anthraquinonebased repellent to
protect oilseed
sunflower crops
from pest
blackbirds

Winged
Blackbird
(Agelaius
phoeniceus
)

Non-Blackbird
Avian
occurrence and
abundance in
North Dakota
sunflower fields

61 bird
species
(for full
list see
article,
granivores
see in
findings)

USA
(northern
Great
Plains)

Bird damage to
sunflower
harvest.

Oriental
Turtle
Dove
(Streptopel
ia
orientalis),
Oriental
Greenfinch
(Carduelis
sinica),
Eurasian
Tree
Sparrow
(Passer
montanus)
RedWinged
Blackbird
(Agelaius
phoeniceus
), Common
Grackle
(Quiscalus
quiscula),
YellowHeaded
Blackbird
(Xanthoce
phalus
xanthocep
halus)
Blackbirds
(Icteridae)

Japan
(National
Agricultu
ral
Research
Center in
Tsukuba
city)

Impact of
blackbird damage
to sunflower:
Bioenergetic and
economic models

Assessment of
birdmanagement str
ategies to protect
86

response relationship among
Blackbirds exposed to
anthraquinone and an insecticide
(a.i. 8.4 % esfenvalerate), or
anthraquinone and a fungicide
(a.i. 23.6 % pyraclostrobin) was
observed. Blackbirds avoided
fields treated with 1810 ppm
anthraquinone and 0.1 % of the
insecticide or 1700 ppm
anthraquinone and 0.14 % of the
fungicide in preference
experiments.
Birds of the family Emberizidae
(Sparrows) accounted for 33 %
of the species and 38 % of the
individuals. The families
Fringillidae (Finches) and
Columbidae (Doves) made up 17
% and 8 %, of the birds counted.
Other granivores included
Gallina-Ceous birds (Family
Phasianidae), Crows and Jays
(Family Corvidae), and BlackCapped Chickadee (Poecillus
articapillus) (Family Paridae).
The total number and the
appearance ratio in the fields
were highest for the Greenfinch.
The ratio of predated sunflower
heads was 72.1 % in earlier sown
fields and 30.8 % in later sown
fields.

Protection
59 (2014)
63-70

Shelagh K.
Tupper, Susan
E. Pettit,
Jeremy W. Ellis
, James C.
Carlson, David
A. Goldade,
Nicholas M.
Hofmann, H.
Jeffrey
Homan, Georg
e M. Linz

The Prairie
Naturalist
40 (2008)
73-86

Dionn A.
Schaaf, Georg
M. Linz, Curt
Doetkott, Mark
W. Lutman,
William J.
Bleier

Japanese
Journal of
Ornithology
61 (2012)
124–129

Yasuhiro
Yamaguchi,
Hoshiko
Yoshida,
Masayuki Saito,
Midori Saeki

USA
(northern
Great
Plains)

The annual loss was $ 5.4 ± 1.3
x 10′6 for all three species (RedWinged Blackbirds did 52 % of
the loss). Seed predation by
Blackbirds represented 1.7 % of
the dollar value of the 1999
sunflower harvest in the northern
Great Plains.

Ecological
Application
s 13 (2003)
248–256

Brian D. Peer,
H. Jeffrey
Homan, Georg
M. Linz,
William J.
Bleier

USA

Population suppression was
intuitively appealing, but it
typically fails beyond local
scales because of avian mobility,

BioScience
61 (2011)
960-970

George M.
Linz, H. Jeffrey
Homan, Scott J.
Werner, Heath
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sunflowers

Roost
composition and
Damage
Assessment of
Rose-Ringed
Parakeet
(Psittacula
krameri) on
maize and
sunflower in
Agro- Ecosystem
of Central
Punjab, Pakistan
Anthraquinonebased bird
repellent for
sunflower crops

Loss of sunflower
seeds to
columbids in
South Africa:
economic
implications and
control measures
Evaluation of
registered
pesticides as
repellents for
reducing
blackbird
(Icteridae)
damage to
sunflower
Evaluation of
Bird Shield^TM
as a blackbird
repellent in
ripening rice and
sunflower fields

RoseRinged
Parakeet
(Psittacula
krmaeri)

Pakistan
(Punjab)

RedWinged
BlackBird
(Agelaius
phoeniceus
), Common
Grackle
(Quiscalus
quiscula)
, YellowHeaded
Blackbird
(Xanthoce
phalus
xanthocep
halus)
Doves and
Pigeons,
(Columbid
ae)

USA

population dynamics, and public
antipathy. Scare devices,
repellents, habitat management,
and decoy crops were found
more likely to meet the test of
predictable efficacy and
practicality.
The highest damage to sunflower
seeds, (37.8 ± 4.58) was found
on the mature sunflower stage.
The minimum damage, (20.7 ±
2.3) occurred on the milky stage.
For three crop sections, high
damage (41.7 ± 9.9) was
reported on the mature stage.

M. Hagy,
William J.
Bleier

Internationa
l Journal of
Agriculture
and
Biology 13
(2011)
731–736

Shazad Ahmad,
Hammad A.
Khan,
Muhammad D.
Javed, Khalil
Ur-Rehman

A threshold concentration (i.e.,
80 % repellency) of 9200 ppm
anthraquinone for common
grackles was predicted, when
they were offered offered
Avipel® -treated confectionery
sunflower seed. During a field
efficacy study for ripening
confectionery sunflower, 18 %
damage among anthraquinonetreated enclosures and 64 %
damage among untreated
enclosures populated with
common grackles (P < 0.001)
was observed.

Applied
Animal
Behaviour
Science 129
(2011)
162–169

Scott J. Werner,
George M.
Linz, James C.
Carlson, Susan
E. Pettit,
Shelagh K.
Tupper,
Michele M.
Santer

South
Africa

Most seed predation occurred in
the center of the sunflower fields
with a mean loss of 10.09 %, on
the edges the mean loss was 4.76
%

Ostrich 80
(2009) 47–
52

Johann van
Niekerk

RedWinged
Blackbird
(Agelaius
phoeniceus
)

USA
(north
Dakota)

Crop
Protection
25 (2006)
842-847

Georg M. Linz,
H. Jeffrey.
Homan,
Anthony A.
Slowik, Linda
B. Penry

Blackbirds
(Icteridae)

USA
(north
Dakota)

The feeding repellency of 8
pesticides was evaluated.
Compared to untreated reference
groups, feeding rates were
reduced for 4 of the 5 pyrethroid
insecticides. Only the
organophosphorus
(chlorpyrifos), however,
significantly decreased feeding
rates.
Daily bird counts from the first
day of application until 5-7 days
after the second application
showed similar numbers of
blackbirds within treated and
control fields. No difference in
bird seed predation on sunflower

Wildlife
Society
Bulletin 33
(2005)
251-257

Scott J. Werner,
H. Jeffrey
Homan,
Michael L.
Avery, George
M. Linz, Eric
A.
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Lethal control of
Red-Winged
Blackbirds to
manage damage
to sunflower: an
economic
evaluation

88

RedWinged
Blackbird
(Agelaius
phoeniceus
)

USA
(northern
Great
Plains)

before and after application was
observed. Bird Shield was not
effectively repelling blackbirds
from sunflower fields.
Potential population effects of
the removal of up to 2 million
Red-Winged Blackbirds
annually under a 5-year program
of baiting during spring with
DRC-1339 (3-choloro4methalalanine) treated rice were
studied. Mean annual removals
of 1,240,560 birds with density
compensation and 1,231,620
birds without density
compensation, with cost-benefit
ratios of 1:2.3 and 1:3.6,
respectively were reported.
Annual intrinsic rates for the
model population ranged from 1.4 to -4.8 %. Therefore only a
marginal economic justification
exists for spring baiting of RedWinged Blackbirds, considering
current nonlethal management
efforts.

The Journal
of Wildlife
Manageme
nt 67
(2003) 818828

Bradley F.
Blackwell, Eric
Huszar, George
M. Linz,
Richard A.
Dolbeer
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Script S2:
#Statistical analyses script to be used in R software, to test our four hypotheses about the
influence of the presence, distance and percentage of high trees on seed predation. We used
generalized linear mixed models (glmm) with penalized quasi likelihood (PQL) and poisson or
quasipoisson error distribution.

#correlation matrix correlating explanatory variables field size, presence of high trees, distance
to high trees, percentage natural habitat, percentage high trees (Table 1)
suncor<- cbind(sizeha,PresenceHighTree,DistanceHighTree,percentnathab,percenttree)
colnames(suncor)
c("sizeha","PresenceHighTree","DistanceHighTree","percentnathab","percenttree")

<-

suncor<- as.data.frame(suncor)
cor.prob <- function(X, dfr=nrow(X) -2) { R <- cor(X) above <- row(R) < col (R) r2 <R[above]^2 Fstat <- r2 * dfr / (1-r2)R[above] <- 1-pf(Fstat,1,dfr) R }
suncor<- na.omit(suncor)
X <- suncor
cor.prob(X)

#Field scale
#seed predation in relation to high tree distance within the entire field sampled in 2010 (Fig. 4)
model<glmmPQL(seed_predation~DistanceHighTree,random=~1|location,family=quasipoisson)

#Landscape scale
#seed predation in relation to location (margin or interior) within the fields (Table 2)
model<-glmmPQL(seed_predation~location,random=~1|field,family=poisson)

#seed predation in relation to the presence of high trees within 50 m (Table 2)
model<-glmmPQL(seed_predation~PresenceHighTree,random=~1|field,family=poisson)

#seed predation in relation to the distance to the closest high tree for field margins (Table 2)
(Fig.4)
model<-glmmPQL(seed_predation~DistanceHighTree,random=~1|field,family=poisson)
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#seed predation in relation to the distance to the closest high tree for field interiors (Table 2)
model<-glmmPQL(seed_predation~DistanceHighTree,random=~1|field,family=poisson)

#seed predation in relation to the distance to the closest high tree for field margins and interiors
(Table 2)
model<glmmPQL(seed_predation~DistanceHighTree,random=~1|field/location,family=poisson)

#seed predation in relation to percentage of natural habitat (percentnathab), percentage of high
trees (percenttree) in a 1 km radius surrounding the fields and field size (ha) (sizeha) (Table 2)
model<-glmmPQL(seed_predation~percentnathab,random=~1|field,family=quasipoisson)
model<-glmmPQL(seed_predation~percenttree,random=~1|field,family=quasipoisson)
model<-glmmPQL(seed_predation~sizeha,random=~1|field,family=quasipoisson)
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