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Abstract 

Vineyard landscapes impact bird community and interactions in Mediterranean-climate 

agroecosystems 

 

by 

Andrés Sebastián Muñoz-Sáez 

 

Doctor of Philosophy in Environmental Science, Policy, and Management 

University of California, Berkeley 

Professor Adina M. Merenlender, Chair 

 

Agriculture is a primary driver of global change and biodiversity loss. Several approaches 

have been proposed to enhance biodiversity conservation in agriculture in order to protect 

ecosystems while maintaining agricultural production, a critical strategy to stave off a sixth mass 

extinction.  

 

Globally, I reviewed 205 studies to evaluate different conservation strategies within 

agroecosystems that may impact bird conservation. The results reveal that agroecological practices 

such as increasing structural heterogeneity in agricultural fields, eliminating reliance on 

agrochemical inputs, and providing supplementary habitat within farms can enhance bird wildlife 

within agroecosystems. Interestingly, there is a paucity of studies quantifying the influence of 

vineyards on bird communities in Mediterranean-climate ecosystems. 

 

Human settlement preference for mediterranean type ecosystems globally has resulted in 

constant agricultural pressure on these areas. These ecosystems have high rates of endemic biota 

and include some of the 35 global conservation priority sites. This dissertation addresses the 

influence of the vineyards on wildlands and vice versa in two new world mediterranean-climate 

regions, Chile and California. I evaluated the impact of vineyards on bird communities using two 

natural experiments across gradients of increasing vineyard proportion in the landscape. The first 

study, conducted in oak woodland fragments surrounded by a vineyard matrix in California, 

revealed that a subset of birds were significantly associated with increasing vineyard proportion. 

These birds, designated as agricultural adapters, negatively interacted with the rest of the bird 

community, revealing a secondary mechanism of the influence of agricultural land use change, in 

addition to the well-characterized primary mechanism involving loss of habitat. Secondly, in Chile, 

I assessed the influence of surrounding native Matorral vegetation and habitat fragments within 

vineyards on birds. Findings showed that proportion of fragments within the vineyard and the 

proportion of native vegetation surrounding vineyards increase abundance of endemics, 

insectivores, granivores, and omnivores, indicating that the proportion of fragments can be 

managed to enhance conservation efforts within vineyard landscapes. Lastly, I compared the 
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influence of vineyards on bird communities in Chile and California. Results from this comparative 

study reveal that vineyards significantly influence bird communities in both study regions, 

increasing the abundance of agriculturally adapted species. Co-occurrence analysis showed that 

these agricultural adapter species are often found together and, importantly, negatively interact 

with other species in surrounding natural areas.  

 

These results provide new insight for conservation efforts in agroecosystems as well as 

information to guide conservation strategies in mediterranean-climate agroecosystems. 

Specifically, the results suggest that conservation efforts should emphasize the importance of large 

patches of native vegetation and maintaining fragments of native vegetation within vineyards. 

These results can help conservation practitioners and farmers promote biodiversity conservation 

in agricultural landscapes.  
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Introduction  
 

High rates of ecosystem modification and subsequent consequences for biota, climate and 

geochemical natural cycles characterize the Anthropocene (Barnosky et al. 2012; Ceballos et al. 

2015). To date, agriculture has modified nearly 40% of terrestrial ecosystems (Foley et al. 2011) 

and drives biodiversity depletion via multiple direct and indirect effects associated with wildlife 

decline (Balmford et al. 2012). These mechanisms include intensive use of agrochemicals, 

conversion of natural areas to simplified monocultures, fragmentation associated with land use 

change, soil erosion and sediment runoff, and greenhouse gas emissions, among others (Stoate et 

al. 2001; Benton et al. 2002; Rockström et al. 2009). These negative effects of agriculture 

consequently impact on species, habitat loss, and lack of connectivity, generating synergic 

detrimental effects on biodiversity, ecosystem functionality and provision of ecosystem services 

(Kremen & Miles 2012; Dirzo et al. 2014; Ceballos et al. 2015). Reconciling agricultural 

production and biodiversity conservation goals is a global priority in light of future scenarios 

pertaining to food consumption and land use change (Fischer et al. 2008; Cunningham et al. 2013). 

 

However, agricultural management is not homogenous and may differentially influence 

wildlife. Agricultural intensification which entails a shift from diversified small farming practice 

to large monoculture production relies on the use of agrochemicals and has taken a toll on 

biodiversity (Altieri 1999; Kremen & Miles 2012; Kremen et al. 2012). Adoption of agroecological 

principles and wildlife friendly farming can favor habitat suitability for wildlife and maintain 

sustainable crop yields (Pywell et al. 2015).  

 

Strategies to balance agricultural food production and wildlife conservation include land 

sharing and land sparing strategies (Green et al. 2005; Vandermeer & Perfecto 2007; Kremen 

2015). Land sparing proponents have focused efforts on increasing food productivity per land area 

often requiring high levels of agrochemical input, and argue that with high production in target 

crop areas, natural areas can be spared from conversion to crop production (Rockström et al. 2009; 

Balmford et al. 2012). One impact that this approach does not address is the agrochemical spill 

over and its negative impacts on non-target wildlife species leading – another detrimental 

externality resulting from agrochemicals (e.g. human health). The land sharing and “wildlife 

friendly farming” approaches stress the importance of incorporating biologically diversity into 

farming practices as a way to reduce the reliance on agrochemicals, and to increase the value of 

the agricultural matrix for wildlife habitat within the agroecosystems (Altieri 1999; Vandermeer 

& Perfecto 2005; Green et al. 2005). The main critique of the land sharing approach assumes lower 

yields from non-intensive agriculture coupled with the need for more agricultural land conversion 

(Green et al. 2005). More recently a combined approach of land sharing/sparing was proposed to 

disentangle the debate and co-op favorable  practices from both strategies (Kremen 2015). 

 

The importance of the surrounding natural ecosystem is equally important in both land 

sparing and land sharing strategies for biodiversity conservation purposes. Natural ecosystems 

provide irreplaceable habitat for wildlife, in particular for highly specialized forest-dependent 

specialist, migratory species, and local endemics (Anderson et al. 2011; Steel et al. 2017). Core, 

well-preserved, extensive areas as well as fragments play a role in the landscape connectivity and 

meta-population dynamics (Carneiro et al. 2012; Mendenhall et al. 2014; Şekercioğlu et al. 2015). 
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One proposed strategy to augment the quality of the agricultural matrix is to increase 

landscape complexity (include structures such as hedgerows, riparian corridors, stepping stones) 

through conservation of native vegetation fragments within simplified agroecosystems 

(Tscharntke et al. 2012).  These remnants of vegetation and restored some of the benefit of these 

vineyards as wildlife habitat that allow increased levels of biodiversity compared to agricultural 

fields without structural diversification (Kremen & Miles 2012; Tscharntke et al. 2012; Ikin et al. 

2015; Barbaro et al. 2017). Forest patches and fragments can contribute to higher species richness 

within the agricultural matrix (Heikkinen et al. 2004) and increase ecosystem services provide by 

biodiversity (Terraube et al. 2016). Non-cropped areas (e.g. tree and shrub hedgerows) increase 

the landscape heterogeneity in time and space, increasing sources of food, shelter, roosting, and 

nest sites which are important to support wildlife in agroecosystems (Benton et al. 2003).  

 

Most current literature on conservation in agroecosystems comes from tropical systems, 

whose climatic regimes and seasonality differ greatly from temperate ecosystems. These results 

provide new evidence of strategies for harmonizing food production with biodiversity 

conservation. extending these data to advance knowledge of the impact of agroecosystems on 

wildlife in mediterranean type ecosystems with not only provides regional insights but adds to the 

global land sparing- land sharing debate. In mediterranean type ecosystems, vineyards are a 

dominant land cover type and important for the economy of these regions (Viers et al. 2013). The 

remaining natural areas in these regions  correspond to some of the most unique and threatened 

ecosystems worldwide in terms of number of local endemic species that are at risk from continued 

land use change (Myers et al. 2000). The immediate and future impacts of vineyards on wildlife 

are poorly understood and research in these agroecosystems can help long-term protection of these 

biodiversity hotspots. 

 

Birds are one of the most visible vertebrates in agroecosystems and can be used as 

indicators of habitat quality or levels of disturbance (Overmars et al. 2014). Birds  provide 

significant ecosystem services such as pest control within agroecosystems (Sekercioglu 2006), 

although some species could be considered agricultural pests when they decrease yields (Linz et 

al. 2015). In these studies, I aimed to determine the influence of vineyards on bird communities in 

Mediterranean type ecosystems located in Chile and California, respectively. I utilized a natural 

experimental framework comprising a gradient of increasing vineyard land cover in both study 

areas. In Chapter one, I review the current literature to evaluate and summarize the impact of 

agroecological practices on bird conservation. Several practices, including increasing the structural 

complexity of habitat, organic management, and the supply of artificial habitats such as the 

addition of bird nest boxes, have been demonstrated to promote bird conservation. In Chapter two, 

I examine the how vineyard and several site variables explain bird species detection rates and 

explore species co-occurrence patterns corrected by vineyard and shrub influence. Results showed 

that vineyards promote a subset of species, referred to as agricultural adapter birds that interact 

with non-agricultural adapter birds and thereby can change community composition. In Chapter 

three, I evaluate the influence of within-vineyard fragments of native vegetation and surrounding 

native vegetation on bird communities of central Chile. Results showed a positive influence on not 

only surrounding native ecosystems, but also remnant fragments within vineyards, on bird 

functional groups, including local endemics birds. In Chapter four, the influence of vineyard at the 

landscape scale in compared across both study regions (Chile and California) by evaluating the 

influence of vineyards on species and co-occurrence patterns when corrected by vineyards. Results 
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were similar in both study regions, with increasing vineyard proportion favoring agricultural 

adapters and increasing negative interactions between agricultural adapters and the rest of the bird 

community. Indirect effects in ecology are difficult to assess but potential consequences for 

ecosystems could affect resilience and interspecific interactions leading to trophic cascades 

(Burkle et al. 2013; Estes et al. 2013). Similar findings in both California and Chile (Chapter 4) 

suggest indirect impacts from agriculturally adapted species on surrounding natural ecosystems 

may be important globally. 

 

Summarizing detailed information on birds and agriculture highlight the practical strategies 

that can be implemented across the vineyard landscape for the benefit of biodiversity conservation. 

The importance of not only the surrounding natural landscape but also fragments within vineyards 

highlights farm-scale management that can be implemented by growers seeking to conserve birds 

will have an impact on bird conservation.  This result can inform practical environmental policy 

and management and promoted to growers or non-governmental organizations to facilitate 

restoration strategies within vineyards. The landscape and farm-scale nature of these results are 

applicable not only for conservationists but also for growers implementing sustainable 

environmental programs, and may be part of a win-win strategy for conservation and sustainable 

wine production.     

 

References 

 

Altieri MA. 1999. The ecological role of biodiversity in agroecosystems. Agriculture, 

Ecosystems and Environment 74:19–31. 

Anderson SH, Kelly D, Ladley JJ, Molloy S, Terry J. 2011. Cascading Effects of Bird Functional 

Extinction Reduce Pollination and Plant Density. Science 331:1068–1071. 

Balmford A, Green R, Phalan B. 2012. What conservationists need to know about farming. 

Proceedings of the Royal Society B: Biological Sciences 279:2714–2724. 

Barbaro L, Rusch A, Muiruri EW, Gravellier B, Thiery D, Castagneyrol B. 2017. Avian pest 

control in vineyards is driven by interactions between bird functional diversity and 

landscape heterogeneity. Journal of Applied Ecology 54:500–508. 

Barnosky AD et al. 2012. Approaching a state shift in Earth’s biosphere. Nature 486:52–58. 

Nature Publishing Group. 

Benton TG, Bryant DM, Cole L, Crick HQP. 2002. Linking agricultural practice to insect and 

bird populations: A historical study over three decades. Journal of Applied Ecology 39:673–

687. Blackwell Science Ltd. 

Benton TG, Vickery JA, Wilson JD. 2003. Farmland biodiversity : is habitat heterogeneity the 

key ? Trends in Ecology & Evolution 18:182–188. 

Burkle LA, Marlin JC, Knight TM. 2013. Plant-Pollinator Interactions over 120 Years: Loss of 

Species, Co-Occurrence, and Function. Science (New York, N.Y.) 339:1611–1615. 

Carneiro AP, Jiménez JE, White jr. TH. 2012. Post-fledging habitat selection by the Slender-

Billed Parakeet (Enicognathus leptorhynchus ) in a fragmented agricultural landscape of 

southern Chile. The Condor 114:166–172. 



x 
 

Ceballos G, Ehrlich PR, Barnosky AD, García A, Pringle RM, Palmer TM. 2015. Accelerated 

modern human – induced species losses: entering the sixth mass extinction. Sciences 

Advances 1:1–5. 

Cunningham SA et al. 2013. To close the yield-gap while saving biodiversity will require 

multiple locally relevant strategies. Agriculture, Ecosystems & Environment 173:20–27. 

Elsevier B.V. 

Dirzo R, Young HS, Galetti M, Ceballos G, Isaac NJB, Collen B. 2014. Defaunation in the 

Anthropocene. Science (New York, N.Y.) 345:401–406. 

Estes J a, Brashares JS, Power ME. 2013. Predicting and detecting reciprocity between indirect 

ecological interactions and evolution. The American Naturalist 181 Suppl:S76-99. 

Fischer J et al. 2008. Should agricultural policies encourage land sparing or wildlife-friendly 

farming? Frontiers in Ecology and the Environment 6:380–385. 

Foley JA et al. 2011. Solutions for a cultivated planet. Nature 478:337–342. Nature Research. 

Green RE, Cornell SJ, Scharlemann JPW, Balmford A. 2005. Farming and the fate of wild 

nature. Science (New York, N.Y.) 307:550–5. 

Heikkinen RK, Luoto M, Virkkala R, Rainio K. 2004. Effects of habitat cover, landscape 

structure and spatial variables on the abundance of birds in an agricultural-forest mosaic. 

Journal of Applied Ecology 41:824–835. 

Ikin K, Mortelliti A, Stein J, Michael D, Crane M, Okada S, Wood J, Lindenmayer D. 2015. 

Woodland habitat structures are affected by both agricultural land management and abiotic 

conditions. Landscape Ecology 30:1387–1403. Springer Netherlands. 

Kremen C. 2015. Reframing the land-sparing/land-sharing debate for biodiversity conservation. 

Annals of the New York Academy of Sciences 1355:52–76. 

Kremen C, Iles A, Bacon C. 2012. Diversified Farming Systems: An Agroecological, Systems-

based Alternative to Modern Industrial Agriculture. Ecology and Society 17:44–63. 

Kremen C, Miles A. 2012. Ecosystem Services in Biologically Diversified versus Conventional 

Farming Systems: Benefits, Externalitites, and Trade-Offs. Ecology and Society 17:1–23. 

Linz GM, Bucher EH, Canavelli SB, Rodriguez E, Avery ML. 2015. Limitations of population 

suppression for protecting crops from bird depredation: A review. Crop Protection 76:46–

52. 

Mendenhall CD, Karp DS, Meyer CFJ, Hadly E a, Daily GC. 2014. Predicting biodiversity 

change and averting collapse in agricultural landscapes. Nature 509:213–7. 

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GAB, Kent J. 2000. Biodiversity 

hotspots for conservation priorities. Nature 403:853–858. 

Overmars KP, Schulp CJE, Alkemade R, Verburg PH, Temme AJAM, Omtzigt N, Schaminée 

JHJ. 2014. Developing a methodology for a species-based and spatially explicit indicator 

for biodiversity on agricultural land in the EU. Ecological Indicators 37:186–198. Elsevier. 

Pywell RF, Heard MS, Woodcock BA, Hinsley S, Ridding L, Nowakowski M, Bullock JM. 

2015. Wildlife-friendly farming increases crop yield: evidence for ecological 

intensification. Proceedings of the Royal Society B: Biological Sciences 282:20151740. 



xi 
 

Rockström J et al. 2009. A safe operating space for humanity. Nature 461:472–475. 

Şekercioğlu Ç, Loarie S, Oviedo-Brenes F, Mendenhall C, Daily G, Ehrlich P. 2015. Tropical 

countryside riparian corridors provide critical habitat and connectivity for seed-dispersing 

forest birds in a fragmented landscape. Journal of Ornithology 156:343–353. 

Sekercioglu CH. 2006. Increasing awareness of avian ecological function. Trends in Ecology & 

Evolution 21:464–471. 

Steel ZL, Steel AE, Williams JN, Viers JH, Marquet PA, Barbosa O. 2017. Patterns of bird 

diversity and habitat use in mixed vineyard-matorral landscapes of Central Chile. 

Ecological Indicators 73:345–357. Elsevier Ltd. 

Stoate C, Boatman ND, Borralho RJ, Carvalho CR, de Snoo GR, Eden P. 2001. Ecological 

impacts of arable intensification in Europe. Journal of Environmental Management 63:337–

365. 

Terraube J, Archaux F, Deconchat M, van Halder I, Jactel H, Barbaro L. 2016. Forest edges have 

high conservation value for bird communities in mosaic landscapes. Ecology and Evolution 

6:5178–5189. 

Tscharntke T, Clough Y, Wanger TC, Jackson L, Motzke I, Perfecto I, Vandermeer J, Whitbread 

A. 2012. Global food security, biodiversity conservation and the future of agricultural 

intensification. Biological Conservation 151:53–59. Elsevier Ltd. 

Vandermeer J, Perfecto I. 2005. The future of farming and conservation. Science (New York, 

N.Y.) 308:1257-1258-1258. 

Vandermeer J, Perfecto I. 2007. The Agricultural Matrix and a Future Paradigm for 

Conservation. Conservation Biology 21:274–277. 

Viers JH, Williams JN, Nicholas KA, Barbosa O, Kotzé I, Spence L, Webb LB, Merenlender A, 

Reynolds M. 2013. Vinecology: pairing wine with nature. Conservation Letters 6:287–299. 

 

 

 

 

 

 

 

 

 
 
 
 



1 
 

Chapter 1. Birds in agricultural landscapes: implications for 

conservation and agroecology  
 

Abstract 

 

Birds are one of the most conspicuous vertebrates in agricultural landscapes. Many birds 

use agroecosystems such as, for example, habitat and although some can become pests of crops, a 

great number play key roles such as in seed dispersal and biological control of insect pests. Birds 

are affected by agricultural intensification and habitat loss via land use change to agriculture. 

Given continued loss of biodiversity in part due to and agricultural expansion, conserving 

biodiversity within anthropogenic landscapes is an important focus of conservation biology. In this 

chapter I review how agroecological practices can increase bird populations in agricultural 

landscapes and I provide examples of how to enhance ecosystem services provided by birds.  

 

I synthesize research from different continents and agroecosystems.  Several 

agroecological management approaches such as conservation of native forest fragments, 

increasing structural diversity of habitat within fields, organic agriculture, and use of 

supplementary habitat (e.g. nest boxes) can provide interventions that will facilitate the 

conservation of birds and thereby enhance the ecosystem services they provide within 

agroecosystems.  

 

Introduction 

 

Approximately ten thousands bird species are distributed across terrestrial and marine 

ecosystems (Gill & Donsker 2014). A significant number of these species cannot adequately 

survive in anthropogenic ecosystems (Hobbs et al. 2006). Today, about 13% of bird species 

worldwide are threatened (Birdlife International 2013), including more than 25% of omnivorous 

and frugivorous birds, and approximately 30% of herbivorous, scavenger, and piscivorous birds 

(Sekercioglu et al. 2004). Expected changes in climate could affect the distribution of birds species 

and their ecosystem functionality and ability to adapt to anthropogenic environments (Frishkoff et 

al. 2016; Maas et al. 2016). Conservation beyond protected areas is needed to prevent mass 

extinctions (Cox & Underwood 2011; Dirzo et al. 2014), and improvement of suitability of 

agroecosystems for birds, will play an important role in conservation. 

 

Birds are one of the most visible vertebrates in agroecosystems. Many bird species have 

adapted to new anthropogenic environments through thousands of years of co-existence with 

humans, and  although some can become pests of crops, multiple species provide multiple 

ecosystem services through their roles as scavengers and pollinators and through contributions to 

pest control, seed dispersal, nutrient cycling, etc. (Sekercioglu 2006; Maas et al. 2016). However, 

land use change to agriculture and agricultural intensification have been reported as major threats 

to biodiversity conservation globally, as these activities have increased the extent of which natural 

habitat have become homogenized and simplified (Benton et al. 2003; Green et al. 2005). 

Agricultural intensification (defined here as a shift from diversified to monoculture farms with 

high inputs of agrochemicals)  have been documented to drive significant change in bird 
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phylogenetic diversity (Frishkoff et al. 2014). Loss of bird species is occurring at fast rates and 

therefore severely impacting ecosystem service provisioning in agricultural landscapes 

(Sekercioglu 2012; Dirzo et al. 2014). These trends can be somewhat reversed by adopting 

agroecological practices and designs that create favorable habitats for birds in agricultural systems 

while maintaining acceptable crop yields (Pywell et al. 2015). 

 

I review how agriculture drives land use change and its impacts on birds, and identify key 

threats to birds in agricultural systems. From an agroecological perspective I review field studies 

and meta-analyses to detail the role of the birds in agroecosystems, the associations of birds with 

specific crops, and the impacts of agricultural management on birds, including both generalizable 

trends and case studies from temperate and tropical agro-environments. I also explore 

opportunities to conserve birds through more biodiversity friendly farming systems and practices 

and how certain agroecological management strategies can enhance the beneficial roles birds play 

in agroecosystems. Literature was identified using search engines (Web of Knowledge, Google 

Scholar), first with general topics (“bird and agriculture”, “agroecology biodiversity”) then with 

refined phrases (“bird annual crops”, “birds grasslands”, “bird agroforestry”, “birds orchards”, 

“agroecosystem conservation”, “bird pest agriculture”, “agricultural management birds”). 

Different possible combinations of these key words were used in order to perform an extensive 

search on each specific topic. I compiled 205 documents used to conduct the review, consisting of 

198 journal articles, four online resources, and three books. Studied used where selected and 

characterized based on a) experimental/influence design, meta-analysis; b) region (multiple 

continents 67 global studies that were conducted in more than one continent:  59 from Europe,  33 

from North America,  11 from Central America, 11 from South America, 11 from Asia,  10 from 

Oceania, and 3 from Africa), temperate areas (121 documents), tropical areas (30 documents), and 

tropical and temperate areas (6 studies)), and publication date (67% documents were published in 

or after 2010).The studies used are publicly available and represent a non-random representation 

of this area of research.  The data may be geographically biased by three main factors: firstly, 

temperate European countries and the USA have a longer history of research in agroecosystem 

biodiversity, likely resulting in more studies in this field; secondly, tropical countries have more 

research conducted in agroforestry systems (e.g. shade coffee and shade cacao), especially from 

long term studies in Central America; thirdly, developing countries from the Global South were 

not well represented in this study due to gaps in information. However, this review compiles the 

most recent advances in this field, highlighting their significance for agroecological approaches 

for conservation.  

 

Role of birds in agroecosystems  

 

The ecological role of birds in agroecosystems range from the beneficial role of birds as 

predators of damaging arthropods to detrimental effect results from consumption of agricultural 

produce and consequently yield loses. Birds can also play an important role in the development of 

agrotourism, an important source of income for some farmers.  

 

Ecosystem services 

 

Biological control of insects by birds in agroecosystems is considered to be one of the main 

ecosystem services provided. It is estimated that reduction of 20-70% of the arthropod biomass in 
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crop fields can result from consumption by birds, although this depends on season and arthropod 

population size (Sekercioglu 2006). This ecosystem service provided by birds was recognized by 

the US Department of Agriculture in 1885, when the division of economic ornithology was 

created, but phased out in the second half of the 20th century when the use of chemical pesticides 

became prevalent (Evenden 1995). Recent research (e.g. Maas et al. 2016; Barbaro et al. 2017) has 

revitalized interest in biological control provided by birds in agroecosystems. 

 

In Mexico, an exclusion experiment in shaded coffee reported that birds and bats 

significantly reduced insect pest populations, particularly during the wet season, suggesting that 

both birds and bats play a role in the provision of ecosystem services (Williams-Guillen et al. 

2008). In Jamaica, an exclusion experiment in coffee demonstrated that bird predation on the 

coffee berry borer reduced production costs by US $310/ha, equivalent to ~12% of the crop value. 

In the case of California alfalfa fields, an exclusion experiment reported that bird biological control 

of pests reduced insect abundance by 33% (Kross et al. 2016). The introduction of the threatened 

New Zealand Falcon (Falco novaeseelandiae) in vineyards reduced grapes eaten by introduced 

song birds by 95% and by native birds by 55%, providing an ecosystem service that could reduce 

pest management costs by US $234-$326 per hectare (Kross et al. 2012). Western burrowing owls 

(Athene cunicularia hypugaea) consumed more prey (invertebrates and rodents) in irrigated fields 

(alfalfa, sugar beet, mint) in comparison with the semi natural shrub–steppe of sagebrush and 

perennial bush grasses in Idaho (USA) with no differences of prey abundance between the sites 

(Moulton et al. 2006). Woodpeckers can act as biological control agents of insect larvae in apple 

orchards. For example a study in Nova Scotia (Canada) between 52-90% of the insect predation 

was attributed to woodpeckers over seven years across 47 orchards (Maclellan 1958). In Chinese 

flooded rice fields Huang et al. (2014) reported that field leaf hopper abundance was reduced by 

63-77% and weed biomass by 50-94% in rice-duck systems, increasing the yield by 295 kg/ha 

while reducing the cost in agrochemicals. Further, the rice-duck system reported better quality rice 

of grains (Wang 2004 cited by Huang et al. 2014). In a cereal crop, biological control by birds was 

higher in an organic field within a diverse landscape than in conventional simplified monocultures 

(Winqvist et al. 2011). Interestingly, Maas et al. (2016) reported that birds and bats provide similar 

effects on biological control in the tropics as compared with temperate and boreal ecosystems. 

These noteworthy results provide novel quantitative insight into the role of birds in agroecosystems 

and their economic benefits.  

 

Multiple trophic interaction between organisms can occur in an agroecosystem. Birds form 

part of this interactions include intra-guild predation (Finke & Denno 2004; Kross et al. 2012), 

functional redundancy (Farias & Jaksic 2011), and facilitation or niche partitioning (Martin et al. 

2013). In agroecosystems where few organisms are top down predators, like birds, the presence of 

these predator organisms could drive shifts in communities (Estes et al. 2011). Consequently,  the 

effect of birds as biological control in agroecosystems could be considered essential for sustainable 

agriculture, and be based on direct predation decreasing abundance of arthropods or/and other 

vertebrates, or indirect by affecting the behavior of the prey (Kross et al. 2012; Díaz et al. 2013).   

 

Additionally, one of the most profitable activities related to birds, with potential to be 

implemented in agroecosystems, is bird watching. Bird watching is a popular activity in some 

countries with great potential to help meet conservation goals (Biggs et al. 2011). Biggs et al. 

(2011) found that empowering local communities in South Africa as guides for bird tourism 
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permitted significantly increases in their monthly earnings by ~$US 250. Further such activities 

also increased the guides sense self-worth and self-determination, and instilled a sense of pride in 

their local environment, with in turn led to direct conservation benefits.   

 

Another economic argument tied to birds in agriculture is that many consumers are willing 

to pay more for produce derived from wildlife friendly farming systems. Oh et al. (2015) showed 

that US consumers are willing to pay higher prices if the fruit (apples and grapes) were grown 

locally in a wild friendly farming way that conserve birds. Consumers considered falconry (use of 

falcons to displace other birds) and bird nest boxes as wildlife friendly food production practices 

(Oh et al. 2015). 

 

Ecosystem disservices 

 

Birds can also play a detrimental role in agroecosystems, specially species of blackbirds 

(Icteridae), cardinals (Cardinalidae), doves (Columbidae) and parakeets (Psitacidae). These 

species can take advantage of the concentration of food resources in agricultural fields causing 

reduction in yields (Linz et al. 2015).The degree of crop damage may be related to the type of crop 

grown and other habitat features. For example, in Argentina monk parakeets were found to prefer 

sunflower instead of corn (Canavelli et al. 2014). According to Fuller-Perrine and Tobin (1993) 

major grape damage in North American vineyards is caused by European starlings (Sturnus 

vulgaris), American crows (Corvus brachyrhynchos), House finches (Haemorhous mexicanus) 

and Common grackles (Quiscalus quiscula). Somers and Morris (2002) reported that grape 

damage in Canadian vineyards was related mainly to the presence of the exotic European starling 

that were found in flocks from 5-200 individuals/daily, although some other native birds were also 

found but in reduced numbers (Cedar waxwing Bombycilla cedrorum in flock of 5-10) and just a 

few times during the season. The same study showed that American crows were also found in large 

numbers but they did not forage in vineyards. There is spatial localization of bird grape 

consumption, where upper vine tiers and vineyard edges exhibited more damage than lower tiers 

and grapes growing at the center of the vineyard (Somers & Morris 2002). In California, bird 

damage was estimated to cause profit loss in nuts of 9.6%, in grapes of 9%, in berries of 5.7%, and 

in fruit orchards of 5% (Baldwin et al. 2014). 

 

Different techniques have been employed in order to reduce the damage caused by birds to 

crops. Berge et al. (2007) reported that one effective method was the utilization of electronic 

devices that emit alarm sounds and distress calls that drive off birds. Although netting the crops 

was the most effective method to avoid bird damage, it is expensive. The use of nets that cover 

grapes was proposed as an effective way to control bird grape consumption (Fuller-Perrine & 

Tobin 1993), but other studies did not find this method to be as effective (Somers & Morris 2002). 

Baldwin et al. (2014) reported that the most common methods used to avoid bird damage in 

California were frightening devices, exclusionary devices, and shooting. 

 

Agricultural land use planning and birds 

 

Agriculture has transformed nearly 40% of the earth’s surface (Foley et al. 2011), causing 

direct effects on wildlife populations, among them birds. Intensive agriculture is considered one 

of the main threats to biodiversity (Balmford et al. 2012). Agricultural intensification has been 
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linked with wildlife decline (Stoate et al. 2001; Benton et al. 2002). For example, Karp et al. (2012) 

found in tropical agroecosystems that beta diversity (turnover of species at larger scales) is reduced 

by 40% under intensive agriculture. 

 

Land use change 

 

Implications of land use change are related not only to habitat loss, fragmentation and lack 

of connectivity in the agricultural matrix, but direct impacts on species. Global vertebrate 

extinction has increased significantly since the rise of industrial society when compared to historic 

and prehistoric times (Ceballos et al. 2015). This process of “defaunation” corresponds not only 

to a loss of species but also to shifts in species composition, function and interactions that impact 

the provision of ecosystem services and human well-being (Anderson et al. 2011; Dirzo et al. 2014; 

Ceballos et al. 2015).  

 

Land use change is one of an interacting group of drivers of extinction (Dirzo et al. 2014). 

A worldwide multi-taxon study reported strongly negatively impacts on composition and diversity 

of species by land conversion from primary vegetation to agricultural landscapes, forest 

plantations, and urban areas (Newbold et al. 2015). In a global analysis of local diversity affected 

by increased human population and land use change (Representative Concentration Path- way 

(RCP) scenarios from the Intergovernmental Panel on Climate Change). Newbold et al. (2015) 

showed that by the end of the century the within-the same land use of the most impacted habitats 

species richness will be reduced by 76.5% on average, total abundance by 39.5% and rarefied 

richness by 40.3% of 47 taxonomic terrestrial groups (including plants and animals). These 

impacts are more likely to disproportionally occur in countries with high biodiversity but economic 

poverty although this projection could change if there is sufficient social pressure to revert trends 

(Newbold et al. 2015). For example, in Mexico the rate of crop expansion over native 

grasslands/shrubland in the Chihuahua desert, negatively impacted the overwintering habitat of 28 

migratory species in North America (Pool et al. 2014). Pan-tropical bird occurrence and abundance 

decreases along a anthropogenic land use intensity gradient compared to undisturbed habitats 

(Newbold et al. 2012).  

 

In Germany, models predict that conversion from agriculture to biofuel (corn) production 

in order to reduce carbon dioxide emissions will have negative effects on biodiversity. A loss of 

10% of the present farmland bird population by 2050 is estimated with expansion of biofuel 

monocultures (Sauerbrei et al. 2014). In another case study of land use change and bioenergy 

crops, Everaas et al. (2014) modeled the impact on bird breeding of changes from current farms to 

bioenergy monoculture crops, and reported negative impacts for the majority of species analyzed, 

suggesting that biodiversity impacts of the spread of intensive monocultures in Germany cannot 

be mitigated only by conserving 10% of land surface set aside within farms, a current European 

agro-scheme practice. 

 

Land sparing versus land sharing debate  

 

Under current global scenarios of land use change (Foley et al. 2005) and scaling rates of 

per capita consumption, reconciling agricultural production and biodiversity conservation goals is 

a priority (Fischer et al. 2008; Cunningham et al. 2013). Different approaches have been proposed 
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in order to achieve these goals. One of the most debated questions is how can we best produce 

crops to enhance food security while conserving natural areas (Fischer et al. 2014). Land sharing 

and land sparing strategies as well as a combination of both have been proposed (Green et al. 2005; 

Vandermeer & Perfecto 2007; Kremen 2015). The land sharing approach proposes agroecology as 

a strategy to spatially, temporally, and biologically diversify farms and to increase the value of the 

agricultural matrix for wildlife habitat (Altieri 1999; Green et al. 2005). This approach values the 

relationship of humans with nature and integrates traditional knowledge into management of 

agroecosystems (Altieri 2004). The main contention of the land sharing approach is that low yields 

from non-intensive agriculture (traditional and organic farming) will promote agricultural 

expansion detrimental to natural areas (Green et al. 2005). However, this yield gap argument has 

been contested by Ponisio et al. (2015) by meta-analysis showing that diversification of organic 

agriculture (multi-cropping and rotations) can reduce the yield gap between conventional and 

organic agriculture from ~19% to ~8%. 

 

Land sparing proponents have favored high agrochemical input levels aimed at enhancing 

crop yields and argue that with high production in target crop areas, natural areas land surface will 

be spared from conversion to crop production (Rockström et al. 2009; Balmford et al. 2012). 

However, current agrochemical use can impact non-target wildlife species. For example pesticide 

applications in arable farms decrease arthropods that are consumed by Yellowhammer (Emberiza 

citrinella) in the reproductive season, negatively impacting their breeding performance (Hart et al. 

2006).  Use of highly toxic pesticides have a direct effect on bird population in US grasslands 

(Mineau & Whiteside 2013). Intensive systems proposed by land sparing proponents are 

characterized by low levels of biodiversity (monocultures) and low heterogeneity of agricultural 

landscapes (Fischer et al. 2008). Monocultures can affect the bird species guild in different ways 

(Azhar et al. 2013) and deplete bird diversity (Frishkoff et al. 2014). The land sparing approach 

assumes that current natural areas will be preserved by preventing further land use conversion to 

agriculture, but this theoretical assumption does not always hold due to market-driven economic 

incentives (Perfecto & Vandermeer 2010), that promote land use changes linked to the expansion 

of biofuels and land-grabbing initiatives (Borras et al. 2012).  

 

A third approach for biodiversity conservation in agricultural landscapes proposes an 

integrated strategy where elements of land sparing and land sharing can be useful for conservation, 

depending on factors such as the levels of fragmentation, the socio-political conditions, and the 

level of previous disturbance of the environment (Duran et al. 2014; Kremen 2015; Michael et al. 

2016). For example, spatial prioritization for conservation in South America shows that when the 

top 17% of priority areas were analyzed, the land sharing alternative resulted in a better 

conservation outcome (25.9% of cases) than the land sparing alternative (7.3% of cases), although 

in some areas a mixed strategy better matched conservation priorities (Duran et al. 2014). In south-

eastern Australia, Michael et al. (2016) found that land sharing strategies were successful for birds, 

many of which are of conservation concern. However, land sharing had limited effects on 

conservation of other vertebrates (reptiles and marsupials), suggesting that mixed alternatives 

should be explored (Michael et al. 2016). 
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Native vegetation: riparian corridors, forest fragments, and forest edges 

 

Natural ecosystems provide irreplaceable biotic and abiotic conditions for birds, in 

particular for highly specialized forest-dependent birds, pollinators birds, migratory species, and 

endemics (Anderson et al. 2011; Steel et al. 2017). Forest patches and fragments can contribute to 

higher bird diversity within the agricultural matrix (Heikkinen et al. 2004) and increase ecosystem 

services provided by birds (Terraube et al. 2016). In Madagascar, Martin et al. (2012) compared a 

biological corridor of native vegetation and the surrounding agricultural matrix and found higher 

species richness in the agricultural mosaic of crops than in the corridor. In particular, some 

functional groups such as carnivores, terrestrial and sallying insectivores, and granivores were 

significantly more abundant within the agricultural mosaic, although the majority of these species 

were generalists and the endemic species remain associated to forest. It should be emphasized that 

the agricultural mosaic is defined as a complex diversified system of different crops, where 

scattered trees, small forest patches, and other secondary habitats support various species. In a 

fragmented native forest in southern Chile, Carneiro et al. (2012) found that isolated native trees 

supported the abundance of the endemic parakeet (Enicognathus leptorhynchus) within 

agricultural landscapes. Scattered trees provide key resources for refuge, roosting, nesting, feeding 

and connectivity within agroecosystems (Carneiro et al. 2012). Riparian corridors within  a mosaic 

of low intensity managed crops (that includes shade-coffee, pastures and forest remnants) provided 

significant habitat and connectivity  for two forest specialist frugivorous birds in Costa Rica 

(Şekercioğlu et al. 2015). Mangnall and Crowe (2003) found in South Africa that retaining native 

vegetation (Fynbos) within a landscape with arable crops (barley, wheat, oat) could increase bird 

species richness (specially for specialist native birds, as Cape Sparrow, Passer melanurus) in 

comparison with monoculture crops. In the agricultural landscapes of the US Midwest, fragment 

size of riparian forest was positively related with the occupancy by Neotropical migratory bird 

species and species richness (Chapman et al. 2015) 

 

Forest edges represent ecotones between agroecosystems and native vegetation. These 

transition zones can host different bird species. In the North American Corn Belt Best et al. (1990), 

reported that abundance of birds was higher along forest edges adjacent to corn fields in 

comparison with grassland edges or the center of cornfields. The same study, also stablished that 

bird abundance decreased in larger corn fields (which had fewer edges), which fits the patterns of 

land intensification suggested by Sauerbrei et al. (2014). Similar results were recovered by 

Terraube et al. (2016), who reported that the bird abundance of insectivores, understory gleaners, 

resident and migratory birds, cavity nesters and understory nesters  increased in the interior of 

forest edges. Floristic composition and habitat structure were relevant for bird abundance and 

composition within the forest edges (Terraube et al. 2016).   

 

Association of birds with different crop and livestock systems 

 

Ecological and biological traits as well as natural history of different birds influence the 

adaptability of the different species to anthropogenic environments. For example, Figure 1 shows 

a number of different species enhanced by agricultural land cover in central Chile, where  species 

composition changed between crop types but also between seasons (Muñoz-Sáez et al. 2017). 

Examples of these varying associations of birds with crops, agricultural land cover, management, 

and ecosystem type are summarized in Table 1. 
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Figure 1. Seasonal changes in bird community composition (number of species significantly 

positively affected by land cover (generalized linear mixed models, p < 0.05) in agricultural 

landscapes of central Chile in a) winter and b) spring. Modified from (Muñoz-Sáez et al. 2017). 
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Table 1. Agroecological practices and examples of conservation for birds for different 

agroecosystems 
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Grasslands and grazing lands 

 

Some bird species have a direct relationship with pastures and are considered grassland 

obligates, thus depending on agricultural management for their conservation (Kennedy et al. 2014). 

Cattle stocking at high density directly decrease habitat quality and influence the abundance of 

arthropods in prairie systems, which in turn influence the availability of prey for insectivorous 

birds (Dennis et al. 2008). In a grazing experiment in Florida (USA), Willcox et al. (2010) found 

that along with the loss of structural diversity in more intensively managed grasslands, total 

richness and abundance of birds decreased in monoculture grassland, although analysis by sub-

groups showed that some (i.e. urban birds, grassland birds) increased with the grazing intensity. 

Grasslands can also provide alternative feeding habitats, as in the case of the Austral Thrush (ing) 

in central southern Chile. Austral thrushes are considered frugivorous forest birds that, due to 

conversion of forest to grassland for cattle, were favored by the increase in soil annelids 

(earthworms) which complement their diet when fruit sources are scarce due to seasonal variation 

(Orellana et al. 2014). In the case of the native grasslands of the southern cone of South America, 

the Pampas, land use change has converted most of the Pampas to rangeland or croplands (Azpiroz 

& Blake 2016). In the Pampas, vegetation structure (patchiness, vegetation height) was the main 

driver of the bird community composition (Azpiroz & Blake 2016). In terms of grazing pressure, 

low rates of nest destruction were found in Canada, although the nest destruction was positively 

correlated with grazing pressure (Bleho et al. 2014). 

 

Silvopastoral systems combines grazing lands with trees and can be considered within the 

agroecological strategies of improve the agricultural matrix to support biodiversity (Perfecto & 

Vandermeer 2010). In Spain and Portugal ancient cork oaks known as “dehesa” and “montado” 

forest respectively, are used for different purposes (woodland products, annual crops, and grazing) 

but also can provide biodiversity and ecosystem services (Ferraz-de-Oliveira et al. 2016). In a 

“montado” systems, silvopastoral areas with higher heterogeneity (e.g. diversity of vegetation 

types) supported high richness of bird guilds (e.g. forest specialist) (Catarino et al. 2016). Similar 

results were found for tropical silvopastoral systems where the canopy cover and tree density were 

positively related with migratory bird flocks (McDermott et al. 2015). In a comparison of different 

structural complexity, silvopastoral systems supported less diverse bird flocks than shade coffee 

in Colombia, but it is likely that shade coffee could support more bird species than open grazing 

lands (McDermott & Rodewald 2014). In Romania traditional silvopastoral systems of open oak 

woodland forest-pastures harbored more diverse and significantly different bird communities than 

modern high intensity managed open pastures (Hartel et al. 2014). 

 

Arable lands 

 

In Europe and North American prairie bird populations are declining due to agricultural 

intensification, resulting from the redusction of crop rotations, use of pesticides, and landscape 

simplification (Krebs et al. 1999; Donald et al. 2001; Reif 2013). In terms of habitat preferences, 

Skylarks (Alauda arvensis) were significantly positively influenced by legumes and set-aside, 

(Wilcox et al. 2014), a field with no or low agrochemical inputs, with weeds and wild 

flowers/grasses and low/ no tillage. In a meta-analysis, Van Buskirk and Willi (2004) found that 

set-aside in conventional agriculture increased bird richness and abundance (in the case of 

European species most of them were in population decline), although set-aside parcels  had greater 
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benefit when surrounded by low intensity agriculture. Floral diversity associated with diversified 

farms was shown to support a variety of grains and plant biomass for granivores bird species 

(finches) that use arable land as habitat (Wilson et al. 1999), but depletion of these food resources 

via agriculture simplification and use of herbicides was found to negatively impact the granivorous 

populations (Wilson et al. 1999). The interactions between bird habitat associations at the 

plot/local scale and landscape scale factors are relevant for implementing conservation strategies 

in arable lands, for instance, granivores species were prone local extinctions when arable land 

decreased in the landscape (Robinson et al. 2001). 

 

Wetlands and rice fields 

 

Lowland (flooded) rice fields are useful for bird conservation due to their similarity to 

natural wetlands (Elphick 2010, 2015). In Asia, the integration of wildlife with rice crops in 

wetland areas drives synergies between nutrient cycling and pest control. In the case of rice fields, 

ducks provide ecosystem services such as consumption of weed seeds, aquatic arthropods and rice 

pests, release of nutrients (feces), and soil aeration, while rice fields provide ducks with shelter, 

nesting places, and food resources (Brogi et al. 2015). In an exclusion experiment in rice flooded 

in winter in France, Brogi et al. (2015) reported that domesticated mallards (Anas platyrhynchos) 

mimicked wild populations of mallards by removing rice crop residues (standing stacks), 

independent of duck density, thereby accelerating the decomposition process post-harvest in the 

field. Long et al. (2013) compared duck-rice agroecological management and conventional rice 

farms and showed that duck-rice management effectively controlled insects (leaf hoppers and 

rollers), improved soil fertility and organic matter content, and reduced greenhouse gas emissions. 

In addition, Cagauan et al. (2000) recommended integration of water fern (Azolla sp.) and fish in 

order to increase nutrient cycling within the duck-rice agroecosystem. The agroecological 

management of duck-rice farming is not only the reduced use of agrochemicals, but also improved 

yields and economic returns for low income farmers in Bangladesh (Hossain et al. 2005). 

 

To enhance conservation of waterbirds in rice fields, Elphick et al. (2010) suggested key 

agricultural management practices such as decreased use of pesticides and promoted field flooding. 

Harvest method (affecting the quantity of rice crop residue/grains), crop residue management 

(removal, incorporation, or left for natural decomposition), water management (flood period, 

seasonality), agricultural management (organic versus conventional), and manipulation of edge 

fields and provision of landscape ponds and ditches are all practices that can benefit birds.  

 

Orchards  

 

Orchards provide vertical structures that can be used as habitat for birds. In central Chile 

Muñoz-Sáez et al. (2017) found that orchards as land cover at two spatial scales favored the 

abundance of five species including granivores, insectivores, and omnivores birds. Woody crops 

such as olive orchards can be beneficial for frugivorous birds, especially in winter (Rey 2011). 

Castro-Caro et al. (2014) conducted a study relating bird richness with effects of ground cover 

(bare soil versus naturalized herbaceous plants in the understory) in olive orchards within 

homogenous and heterogeneous landscapes. Their results showed that the effect of the herbaceous 

ground cover was beneficial for passerine birds (including some species of conservation concern), 

independent of the landscape category, suggesting that landscape structure did not play a 
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significant role in determining bird species diversity in fruit orchards.  Almond orchards were 

reported to host higher bird richness in Eastern Australia than in apple orchards, vineyards, and 

Eucalyptus woodlots, including the threatened Regent Parrot (Polytelis anthopeplus 

monarchoides) (Luck et al. 2015). Apple orchards can also be useful for birds species, in particular 

when managed organically, increasing the number of insectivores in comparison with conventional 

orchards (Katayama 2016) or serve as habitat for woodpeckers (Maclellan 1958). Orchards can be 

sources of tree-cavities that are relevant for secondary cavity nester birds (Grüebler et al. 2013). 

 

Agroforestry systems 

 

Agroforestry is proposed as a multifunctional system where agricultural and forestry 

productivity, ecosystem services and biodiversity conservation are simultaneously enhanced 

(Torralba et al. 2016). In a meta-analysis Torralba et al. (2016) found that in agroforestry systems, 

biodiversity, soil fertility and soil erosion control is higher than in conventional agriculture and 

forestry. Leakey (2014) highlights the functional role of trees in agroforestry: increasing soil 

fertility (legumes), increasing water infiltration and habitat for mycorrhizae, and providing habitat 

for wildlife, among others.  

 

Several studies have shown that multi-strata and diverse agroecosystems can provide 

habitat for many species, and increase conservation potential in these areas (Harvey & González 

Villalobos 2007; Vandermeer et al. 2010; Karp & Daily 2014). In tropical ecosystems, cacao and 

coffee are usually grown in agroforestry systems, as these crops are naturally adapted to shade 

conditions. In a comparison, between shade (agroforestry) and sun (monoculture) coffee, Johnson 

et al. (2010) found higher diversity and abundance of insectivorous and resident birds in shade 

coffee than in sun coffee. Van Bael et al. (2008) reported a similar magnitude of bird predation in 

agroforestry systems in comparison with adjacent forests, and reduced insect abundance and plant 

damage, particularly due to migratory birds (insectivores and omnivores).  

 

 Nájera and Simonetti (2010b) found that increasing complexity (in dense undergrowth, 

abundant scrub, or multi-species canopy cover) can enhance biodiversity in forest plantations, 

although different species have a diverse response to management (Azhar et al. 2013). Colorado 

et al. (2016) found that highly structured coffee agroforests (multistrata shade with high shrub 

density, canopy cover, and tree density) favors Neotropical migratory birds, including the 

provision of overwinter habitat. In Malaysia, oil palm forest supports less birds and has lower 

abundance of insectivores, omnivores and granivores but higher abundance of raptors and wetland 

birds in comparison with logged peat swamp forest (Azhar et al. 2013).  

 

Although the bird communities supported by agroforestry remain high, the bird diversity 

is notably not the same as in the native forest. These agroecosystems were inhospitable for some 

of the forest specialist birds that rely primarily on food and resources present only in native 

ecosystems (Harvey & González Villalobos 2007). Interestingly, it has been reported that bird 

richness could be higher in cacao agroforest plantations in comparison with native forest, although 

species that inhabited agroforest cacao were common generalist (Greenler & Ebersole 2015). 

However, bird diversity supported by agroforestry systems is higher than supported by agricultural 

monocultures (Sekercioglu 2012). 
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Agricultural management and birds 

 

Although the adoption of agricultural techniques and practices dates back 10,000 years 

(Gignoux et al. 2011), agricultural landscapes were traditionally considered incompatible with 

conservation biology goals (Duran et al. 2014). More recently, agricultural management and the 

adoption of different techniques and approaches have the potential to reduce negative  impacts on 

bird populations and even enhance bird populations (Krebs et al. 1999; Donald & Evans 2006).  

 

Pesticides 

 

The use of pesticides has been recognized as detrimental for non-target species since 

Rachel Carson published Silent Spring, documenting the impacts of DDT on bird breeding. After 

the banning of DDT in several countries, a new family of chemicals appeared with new impacts 

for wildlife. Neonicotinoid pesticides have heavily impacted bird populations via depleting insect 

populations, a bird food resource. It was shown that neonicotinoid pesticide could disrupt the 

thyroid gland in birds which affects the endocrine and reproduction systems (Pandey & Mohanty 

2015). Neonicotinoids and other pesticides can persist in soil and soil water in the long term and 

their indirect effects are poorly understood (Geiger et al. 2010; Goulson 2014). Reduced 

reproduction rate (clutch size and survival) of secondary cavity nesters was reported in apple 

orchards sprayed with organochlorine pesticides (Bishop et al. 2000). Granivores birds are also 

affected by the ingestion of pesticide treated seeds (Lopez-Antia et al. 2016). It was reported that 

cumulative pesticides applications over multiple years decrease bird community specialization, 

favoring a few generalist species capable of persisting in simplified arable monoculture (Chiron et 

al. 2014). In contrast, Henderson et al. (2009), showed that use of polycultures and reduced 

pesticide amounts increased grassland bird populations. In a risk assessment using birds as an 

indicator species to compare alternative farming systems with genetically modified herbicide 

tolerant crop production in the UK, wildlife friendly farm management provided better 

conservation outcomes via better provisioning of food resources and nesting habitats, in 

comparison with transgenic crops (Butler et al. 2007).  Misuse of pesticides have unintended 

consequences for non-target organisms and undermine environmental health for wildlife and 

humans.   

 

Organic agriculture  

 

Organic agriculture is widely conceived of as a management approach that relies on 

optimization of natural cycles, avoids the use of synthetic fertilizers, pesticides and genetically 

modified crops, and minimizes external local impacts to the environment (Reganold & Wachter 

2016), although specific practices vary greatly between farms and certification schemes.  Common 

practices include use of organic matter additions (e.g. cash or cover crop residue, livestock 

manure), crop rotations, greater reliance on biological nitrogen fixation by legumes, mechanical 

weed control, and the use of biological control for pest regulation. Organic management enhances  

biodiversity (considering multiple taxa) as reported by Rahmann (2011) in 82% of the 396 papers 

analyzed.  

 

Although the total surface area of certified organic agriculture corresponds to about 1% of 

the global agricultural land worldwide (Willer & Lernoud 2016), organic agriculture has been 
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reported as beneficial for wildlife in comparison to conventional agriculture (Bengtsson et al. 

2005). Tuck et al. (2014) in their meta-analysis documented a 34% increase in species richness of 

multiple taxa in comparison with conventional agriculture, a gain that remained stable for three 

decades. Plants benefited most, but positive effects on arthropods, birds and microbes were also 

reported (Tuck et al. 2014). In a meta-analysis for Europe and North America Wilcox et al. (2014) 

found that for arable crops, bird abundance was higher in organic agricultural management than 

conventional management, although the response varied by species traits. Several studies on 

different taxa corroborate the positive effects of organic farming within the field and at its 

boundaries on plants (Fuller et al. 2005), birds (Genghini et al. 2006), insect pollinators (Gabriel 

& Tscharntke 2007), natural predators (Crowder et al. 2010), soil microbial activity, beneficial 

arthropods, and earthworms (Mader 2002). A smaller number of studies have reported a neutral 

influence of organic agriculture on biodiversity in comparison with intensive management, such 

as for birds within vineyards in Italy (Assandri et al. 2016). Some authors contend that the benefit 

of organic farming varies with the taxa studied and the landscape context. For example, Gabriel et 

al. (2010) reported that landscape context (semi natural grassland and its spatial configuration) 

interact significantly with organic management practices, such that conservation strategies should 

be considered from a ‘local perspective’. The effectiveness of organic practices to increase 

biodiversity likely depends not only on agricultural management, but also on structural diversity 

at different landscape scales (Benton et al. 2003). In terms of bird dietary groups, Genghini et al. 

(2006) found that in fruit orchards in Italy insectivorous birds were more abundant in organically 

managed fields than in conventionally managed fields. Similarly, Smith et al. (2010) reported that 

organic farms positively influenced insectivores birds only in monocultures surrounded by borders 

of semi-natural grassland. However, organic management had a positive effect on  non-passerine 

birds richness independent of the vegetation context (Smith et al. 2010).  

 

Tillage and its conservation implications 

 

Tillage is a common management practice worldwide to homogenize and standardize land 

cover surface, increase contact between the seed or crop root and soil, and for weed control and 

pest turnover. The practice however releases carbon to the atmosphere and increases the 

probability of soil erosion (West & Marland 2002; Quinton et al. 2010). Tilled crop lands are not 

considered high quality habitat due to frequent soil disturbance and typically monoculture planting 

and high agrochemical application levels common in intensive agriculture (Wilson et al. 2009). In 

terms of soil conservation, zero tillage or conservation tillage is a more environmentally friendly 

technique due to low impact on soil structure, reduced soil erosion, and increased soil carbon 

sequestration, with similar medium- and long-term yields in comparison to conventional tillage 

(Cooper et al. 2016), however high levels of herbicide application on such systems remains a 

concern. Positive impacts of conservation tillage in comparison to conventional tillage has been 

reported for some farmland birds (skylarks, granivores and gamebirds) in the UK, particularly in 

late winter (Cunningham et al. 2005). Zero tillage can also increase seed and invertebrate 

availability which are key food sources for birds (Cunningham et al. 2004). In a comparison 

between no-till and conservation tillage in a soy monoculture, VanBeek et al. (2014) reported a 

higher abundance of birds with conservation value, higher nesting and higher nest success in no-

till in comparison with tilled farms. Shutler et al. (2000) reported higher abundance of birds in no-

till than in conventional farms in Canada, although all of the species were more prevalent in 

wetlands and wild sites than on farms. In Illinois (USA) a study compared the nesting success of 
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birds under till and no-till soy crops and found a higher nesting density and nest success in no-till 

farms probably due to shelter and food resources provided by crop residues and weeds (VanBeek 

et al. 2014). However, it has been reported that no-till in corn–soy rotations can act as an ecological 

trap, due to birds’ perception of no-till cropland as suitable habitat and the subsequent negative 

impacts on nesting of farm equipment traffic and herbicide/pesticide applications  common in such 

systems (Best 1986; VanBeek et al. 2014). 

 

Wildlife friendly farming  

 

 Diversified agroecosystem generally sustain wildlife and foster biodiversity conservation 

(Kremen et al. 2012; Mendenhall et al. 2014) because low intensity farming systems mimic 

attributes of natural systems and thus enhance biodiversity (Dudley et al. 2005). Wildlife friendly 

farming include  protection of shrub and forest remnants, fallows,  crop rotations,  grassland strips, 

low applications of agrochemicals, among others (Marja et al. 2014). 

 

Most formal scientific knowledge on wildlife friendly agriculture emerged in Europe, 

North America, and in lesser amounts in Australia and Central America, particularly in 

agroecosystems such as grasslands, arable crops, coffee and cacao (Ansell et al. 2016). In Europe, 

fruit and nut orchards and perennial crops received less but some attention (Myczko et al. 2013; 

Assandri et al. 2016). In a dry cereal farmland in Spain, fallow fields, those with crop residue 

(stubble) or legumes, total seed biomass and arthropod biomass were important for bird 

communities during different biological stages (wintering, mating, fledging). For example, during 

wintering bird richness was significant increased by fallows, seed and arthropod biomass (Ponce 

et al. 2014). Elsen et al. (2017) showed in the Himalayas that low and medium intensity agriculture 

can harbor high levels of bird richness in particular during winter. In a systematic review Sokos et 

al. (2013) reported for the Mediterranean basin that among the practices that have high positive 

impact on wildlife (mainly birds and mammals) at lower economic cost were intercropping, 

conservation tillage, and organic farming. In Estonia, Marja et al. (2014) reported that wildlife 

friendly farming support higher bird richness in comparison with conventional agriculture. In 

planning bird friendly management bird traits must be considered. Bird species differ in breeding 

habitat use, nesting sites, habitat specialization (e.g. wetland birds versus shrubland birds), climatic 

and dietary niches, population/metapopulation size, conservation status, home range, disturbance 

tolerance, and life history (Newbold et al. 2012; Reif 2013). Integration of ecological, biological 

and agronomic knowledge is necessary to develop better bird friendly management strategies in 

agroecosystems.  

 

Landscape complexity 

 

Increasing landscape complexity through diversification within simplified agroecosystems 

benefits wildlife through creating multiple habitats and niches that allow high levels of biodiversity 

in comparison with simple conventional monocrops (Kremen & Miles 2012; Tscharntke et al. 

2012; Ikin et al. 2015; Barbaro et al. 2017). Increasing landscape structure is important to support 

wildlife in agroecosystems. Benton et al. (2003) argue that the lack of structural and temporal 

heterogeneity in many landscapes is a consequence of intensive agriculture, and the way to restore 

biodiversity in agroecosystem is enhancing structural heterogeneity via management of non-crops 

habitats. Non-crop areas (hedgerows, field margins and edges, natural vegetation, wetland and 



16 
 

ditches) create habitat refuges for wildlife in temperate and tropical ecosystems and increasing 

landscape complexity is an important strategy to provide habitat and food resources (Bengtsson et 

al. 2005; Nájera & Simonetti 2010b; Azhar et al. 2013). Trees and shrub hedgerows, fallows and 

residue covered soil, and neighboring native vegetation remnants can be sources of food, shelter, 

roosting, and nest sites.  

 

An agroecosystem can be considered as a matrix among fragments of native vegetation 

(Perfecto & Vandermeer 2010). It has been shown in Neotropical ecosystems that diversified 

agroecosystems help achieve conservation goals by hosting a rich variety of wildlife (Vandermeer 

et al. 2010; Mendenhall et al. 2014). On the other hand, impacts of agronomic management that 

occur in agroecosystems (e.g. pruning, harvest, seeding, transplanting, crop rotations, etc.)  can 

affect the temporal and spatial availability of resources and thus impact the connectivity levels and 

quality of the matrix (Driscoll et al. 2013). The matrix surrounding forest fragments also affects 

biodiversity. For example, in Australia a temporal change from agriculture (cattle grazing) to forest 

plantation (Pinus radiata) reduced the functional diversity in nearby fragments of native forest 

over time following the establishment of the plantation. Such temporal changes in the matrix could 

favor some species to the detriment of others (Mortelliti & Lindenmayer 2015).  

 

 Tscharntke et al. (2005) proposed the hypothesis that landscape complexity level is non-

linearly related to effectiveness for enhancing wildlife in agroecosystems. They predict that the 

positive effect on biodiversity of planting hedgerows, for example, will be lower in extremely 

simple (large monocultures) or complex (farms with high levels of native vegetation) landscapes 

and most effective at intermediate levels of landscape complexity. This hypothesis was supported 

by a study of multiple taxa conducted in grasslands and annual crop fields in Europe (Concepción 

et al. 2012). Batary et al. (2011) found via meta-analysis that increasing landscape structural 

heterogeneity in agroecosystems significantly increased species richness and abundance, but that 

the hypothesis of intermediate landscape complexity applies to cropland but not to grassland, 

indicating that management should be tailored for target species and their landscapes. In a study 

conducted in French vineyards, Barbaro et al. (2016) found that biological control by birds was 

related to the levels of heterogeneity within and surrounding the vineyard, suggesting that high 

levels of heterogeneity at different scales increased avian insectivores if the ensemble of birds 

predators remained even and showing the importance of bird functional group approaches for 

biological control in agroecosystems (Tscharntke et al. 2012). In a study of birds in Italian 

vineyards Assandri et al. (2016)  found that landscape heterogeneity (e.g. woodlands, croplands, 

orchards, meadows) favor several bird species, some of conservation concern. In terms of spatial 

configuration, (Lindenmayer et al. 2007) found that intersections of strips (hedgerows) of 

vegetation significantly enhanced bird richness in an Australian agroecosystem. In terms of 

landscape configuration Belfrage et al. (2005) found that small organic farms (<52 ha) host 

significantly more bird species that large conventional farms (>135 ha). These findings resulted in 

suggestions for management in agricultural landscapes, for example creating a network of 

hedgerows instead of concentrating isolated woody stands (Rey 2011; Castro-Caro et al. 2014).  

 

In intensively managed apple orchards in Italy (Brambilla et al. 2015) reported the 

importance of relict patches of forest, scrubland and wetlands for abundance of common European 

bird species (blackcaps Sylvia atricapilla, chaffinches Fringilla coelebs, and greenfinches 

Carduelis chloris). Mendenhall et al. (2011) found that fine-scale elements (forest fragments, 
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single trees, hedgerows, etc.) provide critical habitat for bird communities in Central America, 

which increased effectiveness of natural reserve area. Terraube et al. (2016) also found that species 

with high conservation value were higher in the interior edges of the forest patches surrounded by 

an agricultural matrix in France, highlighting the conservation value of these areas. In agricultural 

landscapes of Switzerland, Bailey et al. (2010) reported that connectivity of orchards with natural 

habitat was more important than orchard size for shaping bird species and richness.  

 

Hedgerows  

 

Hedgerows are commonly found in agricultural landscapes around the world. Their 

primary agronomic function is to delimit territories or properties but they also provide wood, wind 

breaks, habitat for beneficial insects, and soil erosion control, among other services (Baudry et al. 

2000; Nicholls et al. 2001). In terms of biodiversity conservation they serve as habitat for wildlife 

and native plants (Baudry et al. 2000; Wehling & Diekmann 2009). According to (Hinsley & 

Bellamy 2000), hedgerow size, the presence and numbers of trees, and the floristic richness of the 

hedgerow is directly related with its quality as bird habitat. Hedgerows play a relevant conservation 

role in agroecosystems, not only for birds but also for many vertebrates (e.g. reptiles) and 

invertebrates, in particular when they include microhabitats such as logs, rocks and others that can 

be sources of burrows (Lecq et al. 2017). Kross et al. (2016) showed that hedgerows and trees can 

increase the richness and abundance of birds in a temperate alfalfa field, reporting a positive 

relationship among bird insect pest consumption and hedgerow complexity. For olive orchards, 

Rey (2011) proposed to increase hedgerows and woody vegetation, composed of plant species that 

provide food resources (fruit), and to reduce the amounts of pesticides in the field to enhance 

conservation of frugivorous birds. Castro-Caro et al. (2014) documented the positive effect of 

hedgerows for insectivorous birds year-round. In agricultural landscapes in central Chile Muñoz-

Sáez et al. (2017) reported that hedgerows increase significantly bird richness over winter. In 

contrast, Genghini et al. (2006) did not find a positive relationship between hedgerows and bird 

richness in fruit orchards, which they attributed to the recent planting of the hedgerows in that 

area. The bird species or groups that are targeted for conservation should be considered for 

hedgerow management implementation. For example, grassland birds (abundance and richness) in 

France showed a negative correlation with hedgerows (Besnard & Secondi 2014). 

 

Supplementary habitat 

 

In addition to vegetation structures, some birds require hollows and cavities to nest. Nest 

boxes have increased in popularity in modified landscapes, providing a critical habitat resource for 

obligate cavity nesters  (Jedlicka et al. 2011, 2014).  Le Roux et al. (2016) conducted a study 

evaluating the influence of the size of the entrance hole, the landscape influence and the size of 

the tree in the occupancy of the nest box. They found that, in Australia, occupancy of the boxes 

was higher for medium–large holes, although the majority of species that were using tree boxes 

were common or invasive species. They also found that the size of the tree where the nest box was 

placed did not influence occupancy. This study suggests low relevance of nest boxes for harboring 

endemic or threatened species. In California, use of nest boxes in vineyards was highly effective 

at increasing abundance and ecosystem services provided by insectivorous birds (Jedlicka et al. 

2011). However, in a separate study nest boxes did not increase the abundance of woodland forest 
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birds within highly intensive vineyards. Instead, proximity to riparian vegetation increased bird 

species richness in California vineyard agroecosystems (Jedlicka et al. 2014). 

 

Other structures considered relevant for wildlife in agricultural lands are ponds and water 

reservoirs. Casas et al. (2012) reported that ponds can be useful as habitat for species with low 

dispersal abilities. They are also relevant as complementary habitat at the regional level, although 

the effect of agriculture on biogeochemical cycles may reduce water quality in comparison with 

natural water resources thus negatively affecting some bird species. In the same way, it has been 

reported that the quality of the ponds is related with the levels of aquatic macrophytes and canopy 

of the surrounding vegetation (Davies et al. 2016). Open canopy ponds allow macrophyte plants 

to grow and increase the richness and abundance of birds, although bird groups respond differently 

to open canopy ponds. For example, farmland birds have a positive association with open ponds, 

while woodland birds were positively associated with overgrown ponds more similar to wetlands 

(Davies et al. 2016). 

 

Enhancing birds in agroecosystems: case studies 

 

Temperate crops: vineyards 

 

Vineyards are spread across different world regions and wine consumption has increased 

globally. Generally wine grape regions worldwide overlap with highly threatened Mediterranean 

type ecosystems which are hotspots of endemic biodiversity (Viers et al. 2013). Vineyard-driven 

land use change in these ecosystems is an ongoing threat, in the past and under current climate 

change scenarios (Myers et al. 2000; Merenlender 2000; Viers et al. 2013; Hannah et al. 2013). 

Avifauna could be impacted not only by land use change to vineyards but also by transition from 

traditional low-intensity wine grape cropping systems to highly intensified agriculture. Changes 

include methods of trellising system,  grape  plant densities, pest management and fertilization 

regimes (Assandri et al. 2016, 2017).  

 

In terms of their impacts on biodiversity, different vineyard management approaches have 

been proposed in order to enhance wildlife and ecosystem services that include: protection and 

conservation of native vegetation (forest fragments, isolated trees, riparian vegetation, wetlands), 

planting of flower patches, cover crops, and inter-row crops, use of organic practices, use of bird 

boxes/ perches, conservation of water resources and restoration of hydrological balance, and soil 

conservation and erosion control, among others (Thrupp et al. 2008; Viers et al. 2013). Some of 

these practices have resulted in positive outcomes for biodiversity and ecosystem functionality. 

Landscape heterogeneity and remnants of native vegetation enhance bird richness (Michael & 

Tietje 2008; Jedlicka et al. 2014; Assandri et al. 2016; Steel et al. 2017) and patches of bare soil/ 

grassland were also beneficial for ground dwelling insectivore birds in vineyards (Schaub et al. 

2010). Vineyards can also provide nesting habitat for birds. It has been reported that vineyard 

training system influences nesting site preference, although breeding success was low in the case 

of Italian vineyards and likely affected by human activities related to agricultural management 

(Assandri et al. 2017). In France, vineyards provide habitat for a breeding population of the highly 

threatened Lesser Grey Shrike (Lanius minor) (Isenmann & Debout 2000).  
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Bird nest boxes successfully improved habitat for cavity nester birds in vineyards, 

increasing the population size of Hoopoe (Upupa epops) in Switzerland (Arlettaz et al. 2010; 

Berthier et al. 2012) and providing habitat for Western Bluebirds (Sialia mexicana) (Jedlicka et al. 

2011) and Barn Owls (Tyto alba) (Wendt & Johnson 2017) that provided biological control in 

California, French (Barbaro et al. 2017), and New Zealand (Kross et al. 2012) vineyards. In terms 

of cover crops, a case study of vineyards with three different inter-row cover crop managements 

(mechanically managed cover crop, chemically managed cover crop, and bare soil/tillage) found 

that the mechanically managed inter-row cover crop increased bird abundance and richness of 

song-birds, in particular flycatcher abundance (Tyraniidae) (Duarte et al. 2014). In Chilean 

vineyards, (Steel et al. 2017) founded that bird richness was positively related with ecotones and 

remnants of native vegetation around vineyards, although this relationship varied by species.  

 

Example of agroecological practices implemented in vineyards is presented in Figure 2. 

Integrating practices at multiple landscape scales, such as the conservation of native vegetation, 

fragments of native forest within the vineyards (Chapter 3). Cover crops between vines, insectary 

flower strips, birds boxes and biodynamic or organic agricultural management are other practices 

that can have a positive impact on bird communities.  

 

Tropical crops: coffee and cacao 

 

Coffee and cacao are two widespread crops in tropical areas. Both crops, managed 

agroecologically (i.e. shaded coffee, agroforestry) have been shown  to contribute directly to 

biodiversity conservation, crop pest regulation and increased incomes of local farmers (Maas et al. 

2013). Figure 3 shows the contrasting ecological structure between agroecological shade coffee 

and sun coffee monocultures. Although coffee and cacao do not contribute to the basic 

requirements for human diet, they contribute to supplementary nutrition and are profitable for 

many farmer communities in the global south (Perfecto et al. 2009; Cunningham et al. 2013). 

Under agroecological management coffee and cacao can be designed to mimick the surrounding 

natural landscape to promote wildlife friendly practices that enhance synergetic interactions 

between organisms and provide sustainable food products that increase food sovereignty for local 

communities (Altieri 1999; Francis et al. 2003). In the case of shade-grown coffee this 

management is reflected in habitat provision for wildlife, increased levels of connectivity between 

natural ecosystem through the agricultural matrix, with high levels of plant diversity which in turn 

maintains a variety of birds serving key functions within the ecosystem (Sekercioglu 2012). Some 

of these services include: increasing levels of biodiversity and conservation within the agricultural 

lands (Perfecto et al. 2004, 2009; Cunningham et al. 2013), biological control provided by birds 

and bats within agroecological coffee (Williams-Guillen et al. 2008), and the local benefit for 

peasant (smallholder) organizations and their empowerment (Altieri & Toledo 2011).  

 

Diversified tropical agroecosystems support higher bird phylogenic diversity and species 

richness compared with intensive monocultures, although the persistence of these groups cannot 

replace the phylogenetic losses of forest birds resulting from the increased land use change and 

agricultural intensification (Frishkoff et al. 2014). In terms of feeding guild composition nearly 

50% of birds in tropical agroecosystems are insectivores (Maas et al. 2016). However, in terms of 

birds, biodiversity changes from tropical forest to agroforestry (i.e. shade cacao and  coffee) to 

open agricultural lands impact the bird communities in the tropics (Sekercioglu 2012). In a review 



20 
 

analysis for tropical ecosystems it was reported that the abundance of functional groups changes: 

frugivorous and terrestrial insectivorous decrease in agroforestry systems, nectarivores, small-to-

medium insectivores (e.g. migrants), omnivores, and sometimes granivores and small frugivores 

are better adapted to agroforestry systems, and granivores were more adapted to open agricultural 

landscapes (Sekercioglu 2012). These landscape changes create less specialized bird communities, 

with consequences for the ecosystem services provided by birds, such as increases in pest 

outbreaks in simplified agricultural systems without insectivore birds (Perfecto et al. 2004; 

Sekercioglu 2012). An exclosure experiment in a cacao agroforestry plantation showed that yield 

was 31% lower in the exclosure trees, highlighting the significant contribution of birds and bats to 

biological  pest control (Maas et al. 2013).  

 

 

 

 



21 
 

 
 

Figure 2. Bird communities associated with vineyard landscapes in central Chile. Different birds 

are found within native forest fragments, vineyards, and native vegetation. Isolated trees within 

vineyards, bird boxes, weed control with lamas (Lama glama), legume cover crop, and insectary 

flower strips are some of the agroecological practices that can support bird populations.  Photo 

credits: A. Muñoz-Sáez. 
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Figure 3. Comparison between shade coffee managed with agroecological methods (left picture) 

and sun coffee (high intensive agriculture, right picture). Photo credits: M. Altieri. 

 

Gaps for future research  

 

Studying the relationship between birds and agroecosystem structure and management is 

an important and growing area of research linking agroecology and conservation biology. Birds 

not only provide valuable regulatory ecosystem services in agroecosystems but also offer cultural 

services and their own intrinsic value from a conservation perspective. Current and future uses of 

land will increase pressure on biodiversity if sustainable agroecosystem management that takes 

into account conservation and resource stewardship goals is not implemented.  

 

Research should be prioritized in understudied areas where land use change is occurring 

quickly, such as in Latin America, Africa and South Asia. Less research related with birds and 

agriculture has been reported from these areas, yet the impacts of land use change towards export 

commodity crops at the expense of more diverse traditionally grown crops in these regions is 

proceeding at high rates (Borras et al. 2012; Sekercioglu 2012). More research should test, the 

intermediate landscape complexity hypotheses proposed by Tscharntke et al. (2005), developed in 

other regions to elaborate local hypotheses that can provide new approaches to agroecosystem bird 

friendly management.  

 

Transfer of knowledge to and collaboration with local farmers could play a key role in 

achieving conservation goals and changes in agricultural practices to have concrete impact at the 

local scale (Bengtsson et al. 2005). Multiple stakeholder collaborations at different organizational 

levels (e.g. government, non-governmental organizations, scientists, local farmers, communities) 

can promote understanding and respect for nature and capitalize on the tight linkages between 

agroecosystems, society, and native ecosystems. Examples of this include the restoration of the 
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endangered hoopoe (Upupa epops) in Switzerland agroecosystems (Arlettaz et al. 2010), and 

citizen science naturalist program in California (Merenlender et al. 2016). One of the drivers of 

agroecological knowledge is the application of a scientific methodology that integrates local 

knowledge and its application to a local context. From this point of view the application of this 

knowledge to an agroecosystem it is not necessarily guaranteed to reach a target result. Rather, the 

capacity to reevaluate the goals and methods to reach the objectives (known by conservationist as 

“adaptive management”) is key in environmental sciences. For example, (Tscharntke et al. 2016) 

discussed and exemplified potential causes of failure of biological control in a variety of  

agroecosystems, illustrating potential challenges of agroecological management that depend on 

the local context (crops, climate, landscape scale, target specie or target community) (Gonthier et 

al. 2014).  Hence, conservation strategies should not be a national “one size fits all” because 

species are limited by different factors in different regions. Strategies should further take into 

account the contingency and uncertainty associated with landscape management by adapting a 

variety of management options (Lindenmayer et al. 2008, 2010). 

 

Conclusions 

 

Intensification of agriculture continues to lead to landscape simplification in many regions, 

affecting wildlife habitat and reducing bird diversity. However, agroecologically managed 

agroecosystems can provide desired bird conservation outcomes in particular when techniques are 

applied at the field and/or landscape levels. Bird suppression of pest outbreaks support food 

security and provide an alternative to the use of agrochemicals. Landscape configuration and 

habitat complexity are key to improving the agricultural matrix as a permeable habitat. The 

maintenance and conservation of natural ecosystems and native vegetation around croplands is 

important for conserving pristine biodiversity but also, as discussed, to enhance on-farm ecosystem 

service provisioning by birds. Different vegetation structures have been recognized as relevant for 

birds and other wildlife: hedgerows, isolated trees, remnant of native vegetation and forest edges, 

ponds, and low-strata structural changes such as no-till management. Agroecosystem structure and 

management shape bird communities according to the different crops grown and input intensity. 

Although agroecological or wildlife friendly farming can generally provide habitat for greater 

numbers and higher abundance of many bird species, specialist birds (e.g. ground forest birds) do 

not benefit as they cannot tolerate an anthropogenic environment. Agroecologically managed crop 

systems can positively influence the connectivity between natural and agricultural areas, 

maintaining higher levels of functional biodiversity, while at the same time increasing the 

functional redundancy and ecosystem resilience under global change scenarios.  
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Chapter 2. Spillover effects of agriculturally-adapted birds on 

native communities 
 

Abstract 

 

It is widely appreciated that agricultural land can have local and landscape scale impacts 

on animal communities favoring agricultural adapters over more sensitive native species. 

Agricultural expansion promotes homogeneous landscapes, changing wildlife community 

composition. In addition to quantifying the influence that agricultural land cover has on woodland 

bird communities, I show co-occurence patterns that suggest birds commonly associated with 

vineyards are negatively interacting with native species in adjacent oak woodlands, providing 

evidence that competition with agricultural adapters may be an important driver of biological 

community homogenization. I conducted community-wide bird surveys at 130 mediterranean-

climate oak woodland locations across a gradient in the amount of surrounding vineyard 

development. I further characterized survey sites at local and landscape scales using vegetation 

plot data and land cover information from aerial photographs, respectively. I used zero-inflated 

Poisson N-mixture models to analyze the relationship among bird species detections, local 

vegetation, and surrounding vineyard land cover. Northern Flicker, Western Kingbird, warbling 

Vireo, American Crow, European Starling, Western Bluebird, American Robin, House Finch, 

Lesser Goldfinch, Bullock’s Oriole, and Chipping Sparrow were more commonly detected in 

woodlands surrounded by an expansive vineyard matrix. Thus, I define these species as 

agricultural adapters. After accounting for the influence of environmental variables, I detected 

negative species interactions by examining co-occurrence patterns between species considered to 

be agricultural adapters and species associated with oak woodland, as well as between oak 

woodland species. The indirect impacts of habitat conversion to intensive agriculture (e.g. 

vineyards), on adjacent natural ecosystems need to be accounted for in an effort to stave off 

continued global biotic homogenization.  

 

Introduction 

 

Agriculture undoubtedly contributes to biosphere change in the Anthropocene era (Foley 

et al. 2005; Barnosky et al. 2012; Tscharntke et al. 2012). Agricultural land use has fundamentally 

altered both the spatial configuration and function of ecosystems often resulting in a mosaic of 

residual natural habitat patches surrounded by agricultural development and associated roads and 

infrastructure (Viers et al. 2013; Cameron et al. 2014). This agricultural matrix influences wildlife 

communities at local (Karp et al. 2011) and landscape (Karp et al. 2012) scales and increasing 

agricultural intensification tends to deplete biodiversity (Ekroos et al. 2010a; Karp et al. 2011; 

Doxa et al. 2012), though some of the impacts can be mitigated by diversified farming practices 

(Fischer et al. 2011; Karp et al. 2011; Kremen et al. 2012; Mendenhall et al. 2014; Ponisio et al. 

2016). Not all species can persist within agricultural landscapes, due to different levels of 

specialization (e.g., diet, habitat requirements, social behavior) (Kremen & M’Gonigle 2015). In 

an effort to minimize impacts to biodiversity, different approaches to agricultural land use have 

been debated. The land sharing approach focuses on agricultural matrix management for wildlife 

conservation, increasing the quality of the agroecological matrix as habitat via crop diversification 

and organic/agroecological management (Altieri 1999; Vandermeer & Perfecto 2007; Kremen et 
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al. 2012; Tscharntke et al. 2012; Iverson et al. 2014; Ponisio et al. 2015). By contrast, land sparing 

focuses on the intensification of agricultural production, through increased use of agrochemicals 

to increase yield, in order to spare land for nature conservation (Green et al. 2005; Balmford et al. 

2012; Lamb et al. 2016). Alternative, integrative approaches include both (Fischer et al. 2014; 

Kremen 2015). Consequently, much evidence underscores the relevant role of the agricultural 

matrix to wildlife conservation outside protected areas (Vandermeer & Perfecto 2007; Cox & 

Underwood 2011).  

 

In practice, some species benefit from agricultural landscapes as habitat while others 

decline or become displaced and restricted to remnant natural areas where their persistence may 

be uncertain (Devictor et al. 2008a, 2008b). This can promote biotic homogenization, an effect 

shown to be positively related to the level of agricultural intensification (Ekroos et al. 2010b; 

Clavel et al. 2011; Doxa et al. 2012; Frishkoff et al. 2016). Biotic homogenization is typically 

defined as the replacement of native biotas by non-natives in genetic, taxonomic, and functional 

forms (Olden et al. 2004) and is driven by local extinctions and colonization of alien species 

(Lambdon et al. 2008). However, an extended definition of biotic homogenization includes 

colonization by more disturbance-tolerant native species (McCune & Vellend 2013) that results in 

increased competition between species (Lambdon et al. 2008). While genetic and taxonomic 

homogenization are more intuitive to understand, functional homogenization refers to a lack of 

diversity in species’ traits and ecological roles within the ecosystem (Olden et al. 2004). 

Communities that have experienced biotic homogenization are often less resilient due to their 

reduced capacity to adapt to change (Olden et al. 2004; McGill et al. 2015).  

 

The prevalence and expansion of vineyards in Mediterranean ecosystems underscores the 

need for empirical investigation of the influence of vineyards on native communities, which is 

poorly understood. Worldwide, vineyards have expanded rapidly over the past two decades 

(Merenlender 2000; Merenlender et al. 2009; Viers et al. 2013). This habitat conversion has 

fundamentally altered both the spatial configuration and function of ecosystems (Lambdon et al. 

2008; Cameron et al. 2014). In California, assessing local impacts on biodiversity is a priority for 

effectively managing oak woodland ecosystems (Myers et al. 2000), and could also provide 

insights for conservation planning and understanding across vineyards more broadly (Viers et al. 

2013). In general, research on biodiversity in agroecosystems typically focuses on species, guilds, 

or diversity indices (Karp et al. 2011, 2012; Maas et al. 2016; Muñoz-Sáez et al. 2017), while 

studies examining the interactions between species are scarce. However, biotic interactions can 

influence ecological and evolutionary patterns in ecosystems (Wootton 1994), and can be used to 

predict the abundance of other species (Araújo & Luoto 2007). 

 

Here I investigated how oak woodland bird communities are shaped by a gradient in the 

amount of vineyard development. Importantly, I additionally explored the potential interactions 

among species adapted to agricultural environments (hereafter referred to as “agricultural 

adapters”) and species associated with oak woodlands (hereafter referred to as “oak woodland 

birds”) by examining patterns of co-occurrence while accounting for the influence of several 

landscape variables on species detection rates.  I predicted that some species would be favored as 

the vineyard proportion of the landscape increased due to their tolerance of anthropogenic 

environments, that is, by habitat filtering. Secondly, I expected that the patterns of co-occurrence 

between species would reflect negative interactions between agricultural adapters and oak 
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woodland birds as the presence of agricultural adapters increased. My aim was, firstly, to 

determine which birds are influenced by the extent of vineyards in the surrounding landscape and 

secondly, to quantify interactions between agricultural adapters and oak woodland birds while 

controlling for landscape variables.  

 

To test my predictions, I used data collected during the breeding season for two years from 

130 bird plot survey stations within oak woodland fragments surrounded by a gradient of vineyards 

in northern California. This includes examining the extent to which both plot and landscape scale 

vegetation variables can explain detection rates of 19 of the most commonly detected species, as 

well as exploring patterns of co-occurrence among agricultural adapters and oak woodland birds. 

I used zero-inflated Poisson N-mixture (ZIP N-mixture) models to identify the association between 

species and environmental variables. I defined agricultural adapters species based on these ZIP N-

mixture model results. Individual models for each species allowed us to identify relevant variables 

(proportion shrub at plot scale and proportion vineyard at landscape scale) to test our hypothesis 

of species co-occurrence. Joint species distribution models (JSDM) were used to evaluate species 

co-occurrence, integrating environmental and other ecological processes in a single model 

(Pollock et al. 2014; Royan et al. 2016). This approach allowed me to investigate the influence of 

shrub and vineyard on oak woodland birds. This method permitted exploration of different 

potential mechanisms of species co-occurrence: (i) a strong environmental correlation and a broad 

dispersal of residual correlation would suggest a secondary mechanism of species turnover (i.e. 

habitat filtering in which species are benefited by a specific habitat type) that is complementary to 

land use change and fragmentation, (ii) a strong residual correlation and a weak environmental 

correlation would suggest that the community is shaped by species interactions. and (iii) 

alternatively, when no significant association is detected, a random community organization is 

suggested (Pollock et al. 2014; Royan et al. 2016). 

 

Methods 

 

Study area 

 

The study was conducted in eastern Sonoma County and western Napa County, California 

(Figure 1) where bird plot survey stations were established in oak woodland habitat in the internal 

Coast Ranges. Mixed oak woodland (Quercus spp., n=8) is the dominant cover type and is 

interspersed with chaparral, grassland, conifers, riparian woodland, and vineyards. Most valley 

bottoms are highly modified, having largely been converted from a mosaic of oak woodland, oak 

savannah, seasonal and perennial wetlands, riparian forest, and grassland to vineyards and rural 

residential development (Merenlender 2000; Merenlender et al. 2009; Viers et al. 2013; Cameron 

et al. 2014). Remnant natural habitat generally occurs along creeks and in the hillsides and hilltops 

within the agricultural matrix. The region is characterized by a Mediterranean climate with cool, 

wet winters and warm, dry summers (Viers et al. 2013; Cameron et al. 2014).  

 

Bird surveys 

 

Birds were sampled at 130 survey stations on 20 study sites during the breeding season 

(May and June) in 2002 and 2003. Survey stations were located at least 250 m apart within oak 

woodland habitat and distributed across a general gradient of vineyard development intensity (Fig 
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1). Areas near moderate to high-density residential development were avoided. For a period of 5 

minutes, all birds seen or heard within a radius of 50 meters of the survey station were recorded. 

Counts were conducted in the early morning between 6:00 and 10:00 AM, when birds are highly 

active. Each survey station was visited and surveyed two or three times during each season (2002 

and 2003). All the bird counts were conducted at least 10 days apart.  

 

 
 

Figure. 1. Study Area in northern California. N=130 bird survey stations located in a gradient of 

vineyard influence (only study site were shown for better visualization). 

 

Plot vegetation data 

 

I collected data on vegetation structure and composition within circular plots with a 50 m 

radius for each survey station (Table 1). Percent of tree canopy cover by oak species (Oak 

woodland plot), shrub cover (Shrub cover plot), and herbaceous cover (Herbaceous cover plot) 

were estimated visually. Woody species were identified, and those with greater than 1% absolute 

cover were totaled (Woody plant diversity). Average height of the tree canopy (Tree height) was 
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estimated visually, and the number of snags with diameter at breast height (dbh) greater than 10 

cm (Snags plot) was recorded.  

 

Landscape data 

 

All vineyard boundaries were manually digitized on screen from orthorectified aerial 

photos from 1993, 2000, 2002, and 2004 and corroborated its accuracy in field. The compiled 

vineyard layer was converted to a raster layer with a 25 m cell size, which was used to calculate 

the proportion of vineyard within a circular plot of radius 1000 m from each bird survey station. 

This vineyard layer from 2003 was used to update the California Land Cover Mapping and 

Monitoring Program (LCMMP) (Levien et al. 2003). The LCMMP vegetation data  used 1998 

satellite imagery (Landsat Thematic Mapper) satellite imagery (spatial resolution of 30 m x 30 m), 

radiometrically corrected, containing information of 7 bands of data, to map vegetation and derive 

land cover change in polygon format data (available at http://frap.cdf.ca.gov)  (Levien et al. 2003). 

The created vineyard layer from aerial photos was updated the LCMMP, which was used to 

generate land cover variables at landscape scale (Table 1). The proportion of conifer, hardwood, 

or mixed conifer-hardwood was calculated within circular plots with 250 m, 500 m, and 1000 m 

radii. Other variables calculated including proportion of shrub and herbaceous land cover. Road 

density (measured as [m road/m2] ×10,000) was calculated within circular plots with 250 m, 500 

m, and 1000 m radii. Finally, the number of habitat types at the three different scales was calculated 

based on California Wildlife Habitat Relationships (WHR) habitat designations in the LCMMP 

data (Table 1). All landscape variables were extracted from a geographic information system using 

ArcGIS 9 (ESRI 2006) and visually checked on the field to insure their accuracy.  

 

Table 1. Summary of environmental variables used in statistical analyses.

 

Variable Description Scale (radius) Measurement 

method

Variable type

Vineyard Proportion of vineyards 1000 meters GIS† Continuous

Shrub Proportion of shrubland 1000 meters GIS Continuous

Road density Road density (road meters by square 

meters*10,000) 

1000 meters GIS Continuous

Different habitat type Number of different habitat types  

according  California Wildlife Habitat 

Relationships System 

1000 meters GIS Discrete

Oak woodland Percentage of oak tree species 50 meters Field Continuous

Shrub Percentage of different shrub plant 

species 

50 meters Field Continuous

Tree heigh Average height of tree canopy 50 meters Field Discrete

Snags Number of snags with diameter at 

breast height >10 cm

50 meters Field Discrete

Woody plant richness Number of trees and shrubs woody 

species

50 meters Field Continuous

†
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Statistical analysis 

 

Statistical analyses were conducted using R 3.4.2 (R Development 2017), with the 

packages unmarked (Fiske & Chandler 2011) and AICcmodavg (Mazerolle 2017). Species were 

determined to meet criteria for analysis in two stages. First I identified all species that were present 

in greater than 30 sites, with an abundance range of 43 to 1252 individuals to run ZIP N-mixture 

models, in order to avoid problems of modeling rare species and to account for detection error 

(Stockwell & Peterson 2002; Pelosi et al. 2014). Thus, a subset of 30 species were selected and 

analyzed (Table 2). Second, I selected the species models that had R-squared >0.20, to run co-

occurrence analyses. 

 

I used ZIP N-mixture to model the relationship between birds counts and the predictor 

variables listed in Table 1 (Burnham & Anderson 2002). Data from multiple-visits can be 

accommodated using ZIP N-mixture and result in more accurate estimates of abundance than 

methods that do not explicitly incorporate  detection error (Dénes et al. 2015; Elsen et al. 2017).  

ZIP N-mixture models take in account imperfect detection and other phenomena that cause zero 

inflation and can induce error in the ecological patterns,  allowing accommodate  for  an increased 

number of zeros in the observed data set – false zeros that result from missing potential detections 

due to low abundance  or the false zeroes that can result from detection error across visits, and the 

true zeroes reflecting the potential occupancy of the species at the location (Dénes et al. 2015). I 

included observational covariates that could influence probability of detection:  Julian date of bird 

count sampling and year (year, two levels: 0, 1); and nine main habitat variables of interest that 

could influence bird abundance at two landscape scales were used (Table 1).  

  

I choose five candidate sets (Table 3) rather than one global mixed effects model to enable 

calculations of model-averaged coefficients (Burnham & Anderson 2002). Within each candidate 

set, I kept site covariate constant and applied the abundance model to our detectability model set 

(Julian date, year), calculating model-averaged coefficients for each parameter affecting 

abundance while accounting for imperfect detection (Elsen et al. 2017). I ranked the models 

according to their corrected Akaike’s Information Criteria (AICc) value and selected the models 

with ΔAICc<4 from the top-ranked model (Burnham & Anderson 2002). I then used model 

averaging to obtain estimates for coefficients, standard errors, and to assess the relative importance 

of the predictor variable from the set of top models. To allow for comparison of effect sizes 

between explanatory variables in model-averaged estimated coefficients, input variables were first 

standardized to a mean of 0 and standard deviation of 1 for continuous variables (Kelly et al. 2016).  
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Table 2. Species that met the selection criteria (See methods) 

 

 
 

 

 

 

 

Species symbol Common name Scientific name Family

CAQU California Quail Callipepla californica Odontophoridae

MODO Mourning Dove Zenaida macroura Columbidae

ANHU Anna's Hummingbird Calypte anna Trochilidae

NUWO Nuttall's Woodpecker Picoides nuttallii Picidae

ACWO Acorn Woodpecker Melanerpes formicivorus Picidae

NOFL Northern Flicker Colaptes auratus Picidae

WEWP Western Wood-Pewee Contopus sordidulus Tyrannidae

PSFL Pacific-slope Flycatcher Empidonax difficilis Tyrannidae

ATFL Ash-throated Flycatcher Myiarchus cinerascens Tyrannidae

WEKI Western Kingbird Tyrannus verticalis Tyrannidae

HUVI Hutton's Vireo Vireo huttoni Vireonidae

CAVI Cassin's Vireo Vireo cassinii Vireonidae

WAVI Warbling Vireo Vireo gilvus Vireonidae

AMCR American Crow Corvus brachyrhynchos Corvidae

OATI Oak Titmouse Baeolophus inornatus Paridae

BUSH Bushtit Psaltriparus minimus Aegithalidae

HOWR House Wren Troglodytes aedon Troglodytidae

BEWR Bewick's Wren Thryomanes bewickii Troglodytidae

WBNU White-breasted Nuthatch Sitta carolinensis Sittidae

EUST European Starling Sturnus vulgaris Sturnidae

WEBL Western Bluebird Sialia mexicana Turdidae

AMRO American Robin Turdus migratorius Turdidae

HOFI House Finch Carpodacus mexicanus Fringillidae

LEGO Lesser Goldfinch Spinus psaltria Fringillidae

OCWA Orange-crowned Warbler Vermivora celata Parulidae

BUOR Bullock's Oriole Icterus bullockii  Icteridae

CALT California Towhee Pipilo crissalis Emberizidae

SPTO Spotted Towhee Pipilo maculatus Emberizidae

CHSP Chipping Sparrow Spizella passerina Emberizidae

DEJU Dark-eyed Junco Junco hyemalis Emberizidae
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Table 3. Model sets and parameters used in the average of the ZIP N-Mixture model for bird 

abundance prediction. Model average was made within all the models with ∆AICc<4. 

 

 
For co-occurrence analysis based on presence/absence information, I selected 22 species 

for analysis based on the ZIP N-Mixture models results. A species was recorded as present if it 

was detected during at least one survey of the 5 or 6 visit per site, combined across visits to the 

survey locations in order to reduce the bias related to detection probability (McCarthy et al. 2013). 

First, I analyzed significant (alpha = 0.05) number of ways (probabilities) of pairwise species co-

occurrence based on the independent distribution of each species among all the sites (Veech 2014). 

Species association was categorized as positive, negative or random (neutral) according to the 

difference between observed and expected co-occurrence (Veech 2014). Second, I used a joint 

hierarchical species distribution model (JSDM) developed by Pollock et al. (Pollock et al. 2014) 

that accounts for the influence of the environmental variables (Vineyard landscape and Shrub plot) 

in the evaluation of potential patterns of co-occurrence between pairs of species (Pollock et al. 

2014; Royan et al. 2016). I chose a subset of the environmental variables for this analysis, which 

cannot accommodate a large number of environmental variable due to limitations related to 

computer processing  based on the land cover variable that influenced a greater number of species 

according the ZIP N-Mixture model at each landscape scale (shrub plot and vineyard landscape) 

(Fig 2). I used Markov Chain Monte Carlo Bayesian software JAGS 4.2.0 package R2jags to run 

the JSDM (Su & Yajima 2015). I ran five chains for 1,000,000 iterations with the first 15,000 

discarded as burn-in and the remaining samples thinned by a value of 1,000 such that 985 samples 

were retained for the analysis. Model convergence was evaluated using a diagnostic plot. I used 

vague normal priors (mean=0, SD=1) for all model parameters.  

 

Results 

 

I found that the proportion of vineyard at the landscape scale significantly affected the 

relative abundance of 57% of the species analyzed (10 species positively and 7 negatively) (Fig. 

2, Table 4), different habitat types influenced 60% of the species analyzed (12 positively and 6 

negatively), Shrub proportion at landscape scale was related with 60% of species (7 species 

positively and 11 species negatively). At plot scale, the most relevant variables were Shrub 

proportion at plot scale was significant for 53% of species (7 species positively and 9 negatively), 

and woody plant richness (57% of the species, 9 positively and 8 negatively). All other land covers 

at landscape and plot scales influenced less species (Fig. 2, Table 4).  

 

Model Detection covariate

 <----------------------------------Landscape scale--------------------------------> <----------------------------------------Plot scale---------------------------------------------->

Bird abundance ~ Julian + Year ~ Vineyard + Shrub + Road density + Different habitat type  + Oak woodland + Shrub + Tree height + Snags + Woody plant richness

Bird abundance ~ Julian ~ Vineyard + Shrub + Road density + Different habitat type  + Oak woodland + Shrub + Tree height + Snags + Woody plant richness

Bird abundance ~ Year ~ Vineyard + Shrub + Road density + Different habitat type  + Oak woodland + Shrub + Tree height + Snags + Woody plant richness

Bird abundance ~ 1 ~ Vineyard + Shrub + Road density + Different habitat type  + Oak woodland + Shrub + Tree height + Snags + Woody plant richness

Bird abundance ~ 1 ~ 1

Site covariate
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Figure 2. Number of species significantly (positive and negative) influenced by land covers at two 

landscape scales,  according the results of the N-Mixture model averaged. For details see Table 4. 
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Table 4. Results of the ZIP N-Mixture model average by species at two scale of analysis. Model 

coefficients, ± (Standard Error) estimates, and R-squared are shown. Significant values are 

represented in bold (P < 0.05). For species acronyms see Table 2. 

 

 
 

 

Pairwise co-occurrence of the probabilistic model without considering environmental 

variables revealed 31 (13.4%) positive pair-wise associations and 22 (9.5%) negative relationships; 

135 pairs (77.1%) were randomly associated (Figure 3). 
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CAQU -0.17 (0.27) 0.42 (0.28) -0.05 (0.20) -0.32 (0.25) -0.08 (0.25) 0.12 (0.28) 0.02 (0.21) -0.40 (0.29) -0.36 (0.22) 0.11

MODO -0.11 (0.13) -0.01 (0.17) 0.07 (0.13) -0.08 (0.13) -0.08 (0.14) -0.04 (0.14) 0.14 (0.14) 0.14 (0.11) -0.26 (0.14) 0.12

ANHU -0.04 (0.12) 0.31 (0.10) 0.20 (0.11) 0.19 (0.09) -0.05 (0.12) -0.09 (0.10) -0.13 (0.11) -0.07 (0.12) 0.05 (0.11) 0.36

NUWO -0.05 (0.10) 0.03 (0.13) -0.04 (0.11) 0.17 (0.10) 0.08 (0.12) -0.33 (0.14) 0.11 (0.11) -0.19 (0.11) -0.18 (0.10) 0.22

ACWO -0.13 (0.06) -0.70 (0.16) 0.14 (0.07) -0.06 (0.07) 0.15 (0.07) -0.31 (0.12) 0.11 (0.07) 0.13 (0.05) -0.18 (0.07) 0.46

NOFL 0.46 (0.23) -0.12 (0.31) -0.16 (0.19) -0.27 (0.21) 0.09 (0.22) 0.09 (0.25) 0.02 (0.23) 0.34 (0.26) 0.25 (0.22) 0.18

WEWP 0.08 (0.12) -0.50 (0.23) 0.14 (0.12) 0.12 (0.11) -0.07 (0.13) 0.11 (0.17) -0.03 (0.13) 0.08 (0.09) -0.19 (0.14) 0.17

PSFL 0.06 (0.20) 0.10 (0.19) 0.14 (0.18) -0.19 (0.18) -0.13 (0.19) 0.30 (0.15) 0.76 (0.19) -0.20 (0.17) -0.04 (0.18) 0.20

ATFL -0.01 (0.11) -0.42 (0.21) 0.14 (0.12) 0.00 (0.11) -0.07 (0.13) 0.10 (0.14) -0.06 (0.16) 0.05 (0.11) -0.03 (0.12) 0.06

WEKI 0.45 (0.30) -1.34 (0.60) 0.69 (0.25) 0.02 (0.18) -0.94 (0.31) -0.03 (0.33) 0.68 (0.26) 0.32 (0.19) 1.39 (0.31) 0.30

HUVI -0.08 (0.13) 0.20 (0.11) -0.21 (0.11) 0.02 (0.11) 0.15 (0.12) 0.25 (0.09) 0.07 (0.11) 0.07 (0.09) -0.11 (0.10) 0.19

CAVI -0.11 (0.16) -3.74 (1.32) -0.01 (0.16) 0.20 (0.16) 0.44 (0.21) -1.17 (0.39) 0.16 (0.20) 0.05 (0.16) 0.14 (0.19) 0.36

WAVI 0.31 (0.16) 0.12 (0.20) 0.09 (0.14) 0.18 (0.16) 0.24 (0.19) 0.13 (0.15) 0.37 (0.16) 0.08 (0.15) 0.31 (0.18) 0.16

AMCR 0.47 (0.43) 0.35 (0.35) 0.47 (0.34) 0.52 (0.41) -0.26 (0.36) 0.17 (0.13) 0.04 (0.29) 0.04 (0.15) -0.27 (0.22) 0.21

OATI 0.00 (0.04) 0.04 (0.04) 0.05 (0.04) -0.02 (0.04) -0.03 (0.04) -0.13 (0.04) -0.02 (0.04) 0.09 (0.03) -0.02 (0.04) 0.27

BUSH -0.13 (0.10) -0.11 (0.09) 0.09 (0.11) 0.01 (0.06) -0.21 (0.10) 0.09 (0.08) -0.17 (0.08) -0.06 (0.09) -0.03 (0.06) 0.24

HOWR -0.67 (0.21) -2.07 (0.61) -0.06 (0.15) 0.23 (0.22) -0.49 (0.23) 0.20 (0.21) -0.23 (0.20) -0.62 (0.27) 0.00 (0.22) 0.24

BEWR -0.63 (0.16) 0.03 (0.11) -0.11 (0.12) 0.05 (0.11) -0.31 (0.14) -0.07 (0.12) -0.24 (0.12) -0.13 (0.14) 0.04 (0.11) 0.29

WBNU -0.18 (0.10) -0.30 (0.15) 0.18 (0.09) 0.13 (0.09) 0.14 (0.11) -0.49 (0.15) -0.29 (0.12) -0.01 (0.07) -0.08 (0.10) 0.49

EUST 0.45 (0.22) -0.64 (0.49) 0.05 (0.15) 0.17 (0.14) -0.08 (0.13) -0.21 (0.27) 0.07 (0.14) -0.18 (0.39) -0.04 (0.19) 0.34

WEBL 0.49 (0.21) 0.31 (0.19) 0.00 (0.25) 0.00 (0.19) -0.06 (0.20) -0.87 (0.38) -0.09 (0.20) -0.16 (0.18) 0.02 (0.23) 0.21

AMRO 0.22 (0.14) -0.68 (0.40) -0.12 (0.17) 0.15 (0.14) 0.40 (0.17) -0.64 (0.31) -0.32 (0.19) -0.24 (0.16) 0.13 (0.17) 0.25

HOFI 0.55 (0.15) 0.24 (0.21) 0.77 (0.19) -0.05 (0.12) 0.03 (0.15) -0.77 (0.28) -0.21 (0.17) 0.06 (0.07) -0.09 (0.18) 0.43

LEGO 0.23 (0.06) -0.07 (0.08) -0.07 (0.06) 0.06 (0.05) -0.10 (0.06) 0.15 (0.07) 0.02 (0.06) 0.05 (0.05) -0.08 (0.07) 0.34

OCWA -0.42 (0.12) -0.44 (0.13) -0.17 (0.09) -0.17 (0.09) 0.07 (0.10) 0.46 (0.10) -0.02 (0.10) -0.01 (0.09) 0.15 (0.09) 0.33

BUOR 1.37 (0.35) 0.48 (0.29) 1.00 (0.33) -0.59 (0.24) -0.47 (0.28) -0.19 (0.30) -0.19 (0.23) 0.39 (0.39) 0.51 (0.29) 0.34

CALT 0.08 (0.11) -0.19 (0.14) 0.21 (0.10) -0.05 (0.09) -0.38 (0.11) -0.03 (0.11) 0.12 (0.09) -0.04 (0.09) 0.17 (0.11) 0.17

SPTO -0.21 (0.11) 0.09 (0.08) 0.02 (0.08) 0.11 (0.09) -0.12 (0.09) 0.22 (0.07) 0.04 (0.08) 0.09 (0.08) 0.14 (0.08) 0.42

CHSP 0.32 (0.14) -0.12 (0.27) -0.55 (0.21) -0.41 (0.17) 0.09 (0.18) -0.25 (0.23) -0.37 (0.19) 0.09 (0.10) 0.24 (0.15) 0.32

DEJU 0.02 (0.05) -0.01 (0.06) 0.06 (0.05) 0.04 (0.05) 0.04 (0.06) 0.02 (0.05) 0.04 (0.05) 0.15 (0.04) 0.12 (0.05) 0.30

<----------------------------------------------Plot scale-------------------------------------------><-----------------------------Landscape scale------------------------------>
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Figure 3. Species co-occurrence matrix showing pairwise associations between 22 bird 

species calculated according to the probability model (Veech 2014). Significant positive (in blue) 

and negative (in red) associations are displayed where species co-occurred more (or less) 

frequently than by chance. For species acronyms see Table 2. 

 

The results of the JSDM showed stronger interactions (pairwise coefficient considering all 

correlation values) between species increases when the model accounted for environmental 

variables (vineyards at the landscape scale and shrub cover at plot scale) (Figure 4 and 5). A 

comparison between the strongest species co-occurrence relationships of the JSDM with (Figure 

4b) and without (Figure 3 and 4a) accounting for environmental variables showed that few co-

occurrences remained constant (i.e. White-breasted Nuthatch-Nuttall’s Woodpecker, Spotted 

Towhee-Bewick’s Wren, Bewick’s Wren-Cassin’s vireo). 
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Notably, six agriculturally adapted birds (House Finch, Lesser Goldfinch, European 

Starling, Chipping Sparrow, American crow, Western Bluebird, and American Robin) had a strong 

negative interaction with oak woodland birds when environmental variables were accounted for 

(Figure 4b). For example, Lesser Goldfinch, House finch, European Starling, Chipping Sparrow, 

Western Bluebirds, and American Robin were negatively associated with Orange-crowned 

Warbler (Figure 4b). Other multiple pair of interactions between agricultural adapters (House 

finch, European Starling, Chipping sparrow and Western Bluebird) negatively interacted with oak 

woodland birds (Spotted Towhee, Bewick’s Wren, Anna’s Hummingbird) (Figure 4b). American 

Crows were also negatively related with White-breasted Nuthatch, Cassin’s Vireo, and Nuttall’s 

Woodpecker (Figure 4b). Positive pair association between agricultural adapters and oak 

woodland birds include Western Bluebird, American Robin and Chipping Sparrow with Cassin’s 

Vireo among others (Figure 4b). Bullock’s Oriole and Western Kingbird did not present strong 

correlations with other birds (Figure 4b). 

 

Some oak woodland birds co-occurred more often when vineyards and shrubs were 

considered. Orange crowned Warbler, Spotted towhee, Bewick’s Wren and Anna’s Hummingbird 

presented positive association, similarly happens with Nuttall’s Woodpecker, Acorn Woodpecker 

and White-breasted Nuthatch (Figure 4b). Negative interaction between oak woodland birds 

include Acorn Woodpecker with Orange-crowned Warbler, Spotted Towhee, Bewick’s Wren and 

Anna’s hummingbird. Nuttall’s Woodpecker also presented negative interactions with Anna’s 

Hummingbird, Spotted Towhee and Orange-crowned Warbler (Figure 4b). House Wren and 

Bushtit did not presented strong correlations with other birds (Figure 4b).  

 

In terms of pairwise co-occurrence of all species analyzed, the highest percentage of agricultural 

adapter pairs positively co-occurred with each other more frequently than expected and shared 

habitat preference and/or positively interacted, suggesting habitat filtering (64%) (Figure 5a, Table 

3 quadrant I). In California, the highest percentage of pairs of agricultural adapters and oak 

woodland birds co-occurred shared habitat preferences and /or positively interact (32%, Figure 5b, 

Table 3 quadrant I) while closely 28% of the pairs occurred less frequently than expected and did 

not share habitat preference and/or negatively interacted (Figure 5b, Table 3 quadrant III). Oak 

woodland bird pairs in California 31% occurred less frequently than expected and did not share 

habitat preference and/or negatively interacted (Figure 5c, Table 3 quadrant III). 

 

Table 3. Summary of species pair associations in Figure 5 in a) Chile b) California. Quadrant I = 

upper right, quadrant II = upper left, quadrant III = bottom left, quadrant IV = bottom right. 

Quadrant I species pairs that occur more than expected and share habitat preferences or positively 

interact. Quadrant II species pairs that occur more than expected and do not have habitat 

preferences. Quadrant III species pairs that occur less than expected and do not have habitat 

preferences or negative interact. Quadrant IV species pairs that occur less than expected and have 

habitat preferences. 

 

I II III IV

Agricultural adapters-Agricultural adapters 64% 17% 8% 11%

Agricultural adapters-Oak woodland birds 32% 22% 28% 18%

Oak woodland birds-Oak woodland birds 26% 21% 31% 21%

Quadrant
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Figure 4. Network diagrams showing modeled residual correlation (a) and environmental 

correlation (b) between 19 species, where the blue lines represent positive correlations and red 

lines represent negative correlations at Rs > 0.25 and Rs > 0.80, respectively. Correlations at Rs 

smaller than 0.25 and 0.80 repectively were omitted in the figure for better visualization. Line 

thickness represent correlation strength. Yellow species correspond to agricultural adapter birds, 

and green species correspond to oak woodland birds. For species acronyms see Table 2. 
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Figure 5. Modeled environmental and residual correlations between pairs of all 22 bird species 

(i.e. 231 pairs) averaged across all 130 survey locations. Pairs of birds that contain only 

Agriculturally adapted species (a),  pairs of birds that contain a agriculturally adapted and oak 

woodland bird (b), and pairs of birds that contain only oak woodland interactions (c).  

 

Discussion 

 

It is well known that the amount and type of matrix surrounding natural areas can influence 

community composition within natural areas (Andrén & Andren 1994; Steffan-Dewenter et al. 

2002; Slancarova et al. 2014). Here, too, I document that the extent of the agricultural matrix, in 
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this case vineyard, helps explain high detection rates of agricultural adapters and lower detection 

rates of oak woodland birds in oak woodlands. Our environmental correlation results provide 

evidence for a habitat filtering process in which agricultural adapters are promoted by vineyard 

expansion, while co-occurrence of and negative interactions between agricultural adapters and oak 

woodland birds provide evidence for indirect detrimental effects of land conversion.  

 

These findings support a more pluralistic hypothesis that community structure is not 

influenced solely by habitat filtering or by species interactions, but rather is influenced by both 

mechanisms and interactions between them. It is not surprising that agricultural adapters and 

woodland dependent birds co-occur in oak woodlands where they can take advantage of woodland 

resources, such as food or nesting sites that may not be abundant in the vineyard matrix. Habitat 

filtering can act as a driver of change in communities (Edwards et al. 2014); considering that 

vineyards favor agricultural adapters (Michael & Tietje 2008; Jedlicka et al. 2014), the relatively 

high abundance of these species within the agricultural matrix may increase the probability of 

percolation of these species into oak woodlands. Accounting for the influence of the vineyard 

matrix and other environmental site and landscape variables, our results reveal negative 

interactions between several agricultural adapters and a host of native woodland species – some of 

which are species of conservation concern.  

 

To the best of my knowledge this is the first report of these types of indirect interactions, 

in addition to predation and parasitism, related to birds near agroecosystems. Vineyards appear to 

influence bird communities at different scales, with increased vineyard influence in small 

fragments of oak woodland, which are more likely to be used by agricultural adapters and perhaps 

more vulnerable to indirect spillover effects that could devalue the remaining wildlands. The 

species identified by our study as agricultural adapters are among the most commonly recorded 

species in Californian vineyards (DeMars et al. 2010; Jedlicka et al. 2011, 2014) suggesting that 

vineyards likely promote these species more broadly.  

 

My results suggest that vineyard expansion threatens bird diversity not only directly via 

habitat conversion, but also by promoting changes in community composition and species 

abundance that then have indirect, negative consequences for species in remaining natural habitat. 

Over time, competitive interactions could change the community composition of oak woodlands, 

undermining their conservation value. The combined impact of habitat conversion and reduced 

habitat quality is concerning for bird conservation. For instance, body condition and fitness are 

important for successful migration for Neotropical (e.g. Orange-crowned Warbler) 

(Macmynowski et al. 2007) and altitudinal (e.g. Anna’s Hummingbird) (Boyle 2017) migratory 

species and are related to habitat quality. Abundance of some Neotropical migrant species is 

associated with large forest patches (i.e. low proportion of edges) and negatively associated with 

agricultural/urban landscapes (Flather & Sauer 1996). Equally important are impacts to species 

with declining populations, in our context Spotted Towhee, Orange-crowned Warbler, and 

Bewick's Wren (Sauer et al. 2017) or oak woodland specialist species as Nuttall’s Woodpeckers. 

 

The method I used does not explicitly model species unidirectional interactions, instead it 

directly estimates reciprocal interactions (Pollock et al. 2014). I assume negative interactions to be 

negative effects of agricultural adapters on oak woodland birds. Several mechanisms documented 

in other studies may help interpret our results. Firstly, direct biotic interactions may be at play. For 
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instance, starlings are extremely aggressive birds that displace other species from nest sites they 

want to use, which are mainly cavities (Cabe 1993), and are considered among the most spread 

invasive species worldwide (Global Invasive Species Database 2017) that threaten species with 

extinction (Bellard et al. 2016). Aggressive behavior by native birds towards European Starlings 

has also been observed during nesting (Olsen et al. 2008). Similarly, nest usurpation and/or 

depredation by starlings has been recorded (Olsen et al. 2008). Studies in fragmented forest 

reported a higher predation by birds (e.g. American crow) or parasitism by Brown headed cowbirds 

on Neotropical migrants birds in small than in larger fragments (Wilcove 1985). I suggest that 

European starlings can have similar effects on oak woodland birds, but with a different mechanism. 

There is at least three mechanism of species loss, high predation, low dispersal abilities, and 

detrimental conditions of the environment (Robinson & Sherry 2012).Other evidence of these 

direct interactions include American crows, which aggressively chase away other birds and eating 

the eggs and nestlings of other birds (Verbeek & Caffrey. 2002), and Brown headed cowbirds, 

which are a brood parasite of several bird species (Lowther 1993).  

 

Secondly, indirect biotic interactions also be a role but are more difficult to observe and 

understand than direct interactions (Estes et al. 2013) and could make community dynamics 

difficult to predict (Wootton 1994). In some cases, the mere presence of one bird can affect 

another’s feeding behavior (Peck et al. 2014) or the interspecific interactions of the community 

(Cresswell 2008). This gap in behavioral knowledge for some of these species could be elucidated 

with future research. 

 

Thirdly, changes in bird community composition could affect the ecosystems functions and 

services through promote or attenuate complex interactions, that can cause cascade effects that 

change the ecosystem properties and affect biodiversity (Estes et al. 2011; Anderson et al. 2011).  

Changes in composition of the landscape matrix, in our study vineyard extension, influence the 

bird community composition. Other studies previously documented the importance of landscape 

context and habitat quality for wildlife communities. Species benefitting from exotic plantations 

were promoted by mechanisms such as habitat filtering (Barnagaud et al. 2014), temporal changes 

in the surrounding matrix causing shifts in species interactions (Lindenmayer et al. 2015), and new 

species introductions that change co-occurrence patterns in a community (Betts et al. 2010). 

 

Some of the relationships in our analysis appear to have a complex pattern of interactions 

with an unclear mechanism, for instance, the negative relationship of Orange-crowned Warbler 

with shrubs at the plot scale. Previous studies report varying bird-habitat relationships depending 

on the landscape context or interaction between species, such as in the case of a negative 

relationship between some Neotropical migrants and forest patch size (Flather & Sauer 1996). It 

is probable that for some species the proportion of oak woodland forest will be a better predictor 

than the proportion of vineyards, but these variables have a highly negative correlation at the 

landscape scale so are hard to address independently. Different landscape scales may more 

accurately predict the relationship between landscape variables and different species according to 

biological and ecological traits (Hilty et al. 2006; Guyot et al. 2017). Documenting these 

relationships may be important for conservation management in working landscapes.  

 

Fragmentation and agricultural intensification have led to reductions in beta diversity and 

biological community homogenization in many temperate and tropical systems (Devictor et al. 
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2008a; Clavel et al. 2011; Karp et al. 2012). These changes in native communities can have 

cascading effects on ecosystem function (Estes et al. 2011; Dirzo et al. 2014) and resilience (Burkle 

et al. 2013). Here, I show that vineyards can lead to regional biotic homogenization of neighboring 

natural areas through the expansion of the vineyard matrix, by increasing the abundance of birds 

adapted to vineyards, and by increasing competition between agricultural adapter and oak 

woodland birds. It is unlikely that all species will be equally affected (Tscharntke et al. 2005), as 

habitat specialists are more likely to be threatened than generalists (Devictor et al. 2008a). The 

underappreciated, indirect effects need to be considered as the agricultural footprint continues to 

expand across California’s coastal ranges and vineyards regions globally. 

 

Agriculture land conversion is recognized as one of the main threats to biodiversity due to 

habitat loss and fragmentation. In this study I found that the effects of agricultural land can spill 

over into natural areas. I see a clear relationship between the extent of agricultural land and bird 

species detection rates in adjacent natural areas. More surprisingly, I detected strong negative 

interactions through co-occurrence patterns between agriculturally adapted bird species and oak 

woodland associated birds. This research provides evidence that competition from species adapted 

to agricultural land use could be another driver of biotic homogenization in addition to habitat loss 

and fragmentation associated with habitat conversion. To the best of our knowledge, this is the 

first report of these types of indirect interactions beyond predation or parasitism between birds 

related to agroecosystems. 
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Chapter 3. Forest fragments in agricultural landscapes 

advance bird conservation in a biodiversity hotspot 
 

Abstract 

 

 Agriculture is a widely recognized driver of biodiversity loss and considerable efforts are 

being made to conserve biodiversity in agroecosystems. However, providing tested management 

strategies to enhance species conservation remains somewhat elusive. Here a natural experiment 

was conducted to assess the influence of remnant natural habitat on bird community composition 

at multiple scales. Birds were surveyed over multiple years at 120 sites equally distributed in 

vineyards with and without remnant vegetation as well as in surrounding natural habitat in central 

Chile.  Results provide clear evidence that maintaining natural vegetation remnants within the farm 

affects community composition of birds, with positive impacts on specific functional groups 

(insectivores, granivores, omnivores and endemics birds). The extent of surrounding wildlands 

also, as expected, explains in part the bird community found within the vineyards.  

 

Introduction 

 

 Conserving biodiversity in agroecosystems is a global challenge (Gonthier et al. 2014). 

Agricultural impacts on biodiversity are widely recognized, and land use change and fragmentation 

are major drivers of species extinction and ecosystems degradation (Barnosky et al. 2012; Dirzo 

et al. 2014). Wine grapes are one of the most important crops in terms of land cover surface and 

economic relevance in Mediterranean type ecosystems worldwide, which also  overlapping with a 

designated biodiversity hotspot (Myers et al. 2000; Viers et al. 2013). Future projections for 

vineyards predict advancement to new areas, where climatic conditions will be favorable for wine 

grape production, in addition to demand from new markets, can increase vineyard expansion 

(Hannah et al. 2013). Different strategies are proposed to increase biodiversity conservation in 

agricultural landscapes (Fischer et al. 2014). Some studies indicate that biodiversity can best be 

conserved while increasing yield by dividing surface area into conservation zones and intensively 

managed agriculture (“land sparing”, e.g. (Phalan et al. 2011). Others propose that increasing the 

quality of agroecosystem as habitat via agroecological management, enhances biodiversity (“land 

sharing”, e.g. (Perfecto & Vandermeer 2010)). Still others propose an integration of both 

aforementioned strategies according the specific traits of the area of study/species (Duran et al. 

2014; Kremen 2015; Michael et al. 2016). Finding new alternative approaches that enhance 

biodiversity within the agricultural matrix is part of the current policy efforts of “protect wildlife 

beyond the protected areas” of Chilean President M. Bachelet 

(http://michellebachelet.cl/pdf/50medidasMB.pdf). 

  

  The spatial configuration of the natural vegetation surrounding agriculture can 

significantly influence in the occurrence and abundance of bird species (Cunningham et al. 2008; 

Lindenmayer et al. 2010). It is recognized that increasing landscape complexity within 

agroecosystem can increase niche availability and thus host higher levels of biodiversity (Kremen 

& Miles 2012; Tscharntke et al. 2012; Ikin et al. 2015; Barbaro et al. 2017). An increasing number 

of studies indicate that remnant native vegetation can contribute to the persistence of birds. Birds 

can be favored by the presence of forest fragments (including isolated trees), forest edges, and 

http://michellebachelet.cl/pdf/50medidasMB.pdf
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riparian vegetation in agroecosystems (Heikkinen et al. 2004; Carneiro et al. 2012; Martin et al. 

2012; Jedlicka et al. 2014; Şekercioğlu et al. 2015; Steel et al. 2017). Assessing the impacts of the 

native habitats on biodiversity in a dominant agroecosystem such as vineyards in central Chile is 

vital for conservation management within this biodiversity hotspot, and could provide 

management insight for other Mediterranean type ecosystems.  

 

 I used a natural experiment based on a gradient of landscape complexity (quantified as the 

proportion of native vegetation in a given area) within vineyards to investigate: (i) whether bird 

trophic guilds change between continuous forests, fragments and vineyards, (ii) if changes in the 

presence and/or proportion of forest fragments influence birds communities, and (iii) if the 

proportion of continuous native vegetation influence birds communities. I hypothesized that 

vineyards promote some species, and that these functional guilds are different between vineyards 

and fragments within vineyards. My aim is to disentangle the changes in bird communities due to 

vineyards at different landscape scales. 

 

Methods 

 

Study area 

 

 The study was conducted in vineyard landscapes of central Chile. The region has a 

Mediterranean type climate (Santibáñez & Uribe 1993). The native vegetation in the area is 

dominated by sclerophyllous forest (e.g. Quillaja saponaria (Molina)) and shrubland “Matorral” 

(e.g. Acacia caven (Molina)) (Gajardo 1994). The study sites were placed in 20 vineyards selected 

to establish a gradient of surrounding native vegetation (Figure 1). I sampled 120 survey stations, 

evenly distributed across vineyards with and without habitat fragments, and undeveloped 

shrublands in neighboring hillsides. Each sampling point was separated by approximately 250 m. 

 

Bird surveys 

 

 I recorded all the birds seen or heard in 10-minute, 50-meter radius point counts at 120 

survey locations (Figure 1) during spring-summer (October-January ) of 2014 and 2015 (Ralph et 

al. 1995; Merenlender et al. 2009). Three bird counts were done at each site, the first one in 2014 

and two in 2015 during early and late breeding season respectively. Birds were surveyed between 

08:00 and 12:00 hours by the same observer (A.M.-S.), always under fair weather conditions. The 

feeding behavior of all birds analyzed in the study was summarized (Table 1) from (Estades 1997) 

and (Martinez & Gonzalez 2004), and scientific and common names were obtained from (Remsen 

et al. 2014). 

 

Land cover analysis  

 
   
 Recent satellite imagery (year 2013-2014) from ESRI World Imagery with a spatial 

resolution of ≤1 m2 was used to classify landscape variables at landscape and plot scales (ESRI 

2017). Object based image analysis (OBIA) was used to identify and quantify ‘Fragments’, 

‘Vineyards’ and ‘Forest-Matorral’ classes using eCognition Developer (Trimble 2012) and 

ArcGIS 10.5 software (ESRI 2016). An object-based analysis tool that used color band values (e.g. 

brightness and color mean), and texture (e.g. compactness and density) to classify image objects. 
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This classification was exported to ArcGIS (ArcMap) and corrected using visual inspection and 

on screen via manual classification. This image classification was verified based on field 

observations at each study site and its accuracy corroborated with Google Earth Images 

(https://www.google.com/earth/) from the same year and season of the bird surveys. I evaluated 

four scales of natural land cover using buffer radii of 50 m, 250 m, 500 m and 1000 m from each 

survey station. I created annulars (ring-shaped areas with hollow centers) for land cover estimates 

in order to decrease correlation between the scales. I set a threshold of Pearson correlation lower 

than 0.65 in order to consider variables at plot (50 m) and landscape (500 m and 1000 m) scales in 

the bird abundance predicted model (see next section), (Burnham & Anderson 2002; Bowen et al. 

2009; Kang et al. 2015). 

 

Data analysis  

 

 I used two methods to analyze the influence of the vineyard landscape variables on bird 

relative abundance. First, I used analysis of variance (Anova) to compare the bird communities 

(Table 1) at each studied landscape (Vineyard, Fragment, and Forest-Matorral). I used multiple 

comparison test to evaluate the influence of land cover class on bird communities. In order to 

provide a more comparable result with other studies, Figure 2 and Figure 3 include the relative 

abundance of birds per hectare to allow these results to be compared with other studies.  

 

 Secondly, to examine the influence of fragments on bird abundance I used 80 sites that 

correspond to vineyard sites with fragments of native vegetation and vineyards without fragments. 

I used N-mixture models to account for imperfect detection in evaluating the influence of 

fragments and surrounding vegetation on bird species abundance. Detectability of species could 

change within vineyards and fragment remnants, especially for cryptic birds or species that occur 

naturally at low abundance, leading to true and false absences. Therefore, I used zero-inflated 

Poisson N-mixture (ZIP N-mixture) models which incorporate the probability of detecting a 

species given its abundance adjusted by zero inflation (Burnham & Anderson 2002; Zuur et al. 

2009; Elsen et al. 2017). In order to avoid problems related to modeling rare species, I restricted 

analysis to birds that had more than five records in at least five different sites per season 

(Cunningham et al. 2008). Model average was made within the models that presented ∆AICc<4 

(Table 2) which allows incorporate uncertainty of several models, instead of selecting only one 

best model, resulting in a more robust prediction (Burnham & Anderson 2002; Zuur et al. 2009). 

ZIP N-Mixture models were performed on bird communities and individuals. I selected the survey 

Julian day number and year as covariates expected to affect the probability of detection, and used 

these covariates to create five different parametrizations, that composed the detectability model 

set to apply to the site covariates to predict bird abundance. Site covariates were: the categorical 

variable “Fragment-category” (two levels: 0, 1), which was used in order to evaluate if the mere 

presence of a fragment influences the abundance of the species rather than the proportion of the 

fragment; Fragment, which quantified the proportion of the native vegetation patch within the 

vineyard within a 50 m plot radius; and Forest-Matorral, which represented the proportion of native 

vegetation at the landscape annular. The conceptual model of the parametrization is shown in Table 

2. In order to confirm the effect of Fragment proportion on the models, I ran the model a second 

time only in the 40 sites with that variable, without the Fragment–category as a covariate in the 

vineyards where fragments were present, allowing a comparison of the effects of the fragments 

between the two models (Table 3 and 4).     

https://www.google.com/earth/
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Figure 1. Study Area in central Chile. N=120 bird survey stations located in a gradient of vineyard 

influence.  
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Table 1. Complete list of the 49 species recorded in this study. Arrows indicate 29 species that met 

our selection criteria for analysis. Bird species analyzed and dietary group (G granivores; I 

insectivores; O omnivores; C carnivores; D detritivore; F Folivore) and feeding behavior. Ex 

Exotic. En Endemic. 

 

 
 

Common name Scientific name Diet Feeding behavior

Chilean Tinamou Nothoprocta perdicaria G (En) Ground forager

Spectacled Duck Speculanas specularis  F Dabbler

→ California quail Callipepla californica G (Ex) Ground forager

Rock Pigeon Columba livia G (Ex) Ground forager

Chilean Pigeon Patagioenas araucana   G Ground forager

→ Eared Dove Zenaida auriculata G Ground forager

→ Picui Ground Dove Columbina picui   G Ground forager

Band-winged Nightjar Systellura longirostris   I Aerial forager

Green-backed Firecrown Sephanoides sephaniodes    N Hovering

Giant Hummingbird Patagona gigas   N Hovering

→ Southern Lapwing  Vanellus chilensis   O Ground forager

Snowy Egret Egretta thula  P Stalking

Great Egret Ardea alba  P Stalking

→ Turkey Vulture Cathartes aura D Soaring

Black Vulture Coragyps atratus  D Soaring

→ Harris's Hawk  Parabuteo unicinctus C Soaring

Variable Hawk Geranoaetus polyosoma C Soaring

→ Black-chested Buzzard-Eagle  Geranoaetus melanoleucus C Soaring

Austral Pygmy-Owl Glaucidium nana   C Aerial forager

Striped Woodpecker Veniliornis lignarius   I Bark forager

→ Chilean Flicker  Colaptes pitius   I Ground forager

→ Chimango Caracara Milvago chimango   O Soaring

→ American Kestrel Falco sparverius  C Soaring

Aplomado Falcon Falco femoralis   C Soaring

Moustached Turca Pteroptochos megapodius   I (En) Ground forager

White-throated Tapaculo Scelorchilus albicollis   I (En) Ground forager

→ Dusky Tapaculo Scytalopus fuscus   I (En) Ground forager

→ Plain-mantled Tit-Spinetail  Leptasthenura aegithaloides  I Foliage forager

→ Dusky-tailed Canastero Pseudasthenes humicola   I (En) Foliage forager

→ White-crested Elaenia  Elaenia albiceps   I Foliage forager

→ Tufted Tit-Tyrant Anairetes parulus   I Foliage forager

Great Shrike-Tyrant Agriornis lividus   C Aerial forager

→ Fire-eyed Diucon Xolmis pyrope I Aerial forager

→ Rufous-tailed Plantcutter  Phytotoma rara   F Foliage forager

Blue-and-white Swallow Pygochelidon cyanoleuca   I Aerial forager

→ Chilean Swallow Tachycineta leucopyga   I Aerial forager

→ House Wren Troglodytes aedon   I Foliage forager

→ Austral Thrush Turdus falcklandii   O Ground forager

→ Chilean Mockingbird Mimus  thenca   O (En) Ground forager

→ Grassland Yellow-Finch  Sicalis luteola   G Ground forager

→ Band-tailed sierra-finch Phrygilus alaudinus G Ground forager

→ Mourning sierra-finch Phrygilus fruticeti G Ground forager

→ Common diuca finch Diuca diuca G Ground forager

→ Rufous-collared Sparrow Zonotrichia capensis   G Ground forager

→ Austral blackbird Curaeus curaeus O Ground forager

→ Shiny cowbird Molothrus bonairensis O Ground forager

→ Long-tailed medowlark Sturnella loyca O Ground forager

→ Black-chined siskin Spinus barbata G Ground forager

House sparrow Passer domesticus G (Ex) Ground forager
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Table 2. Details of the five model parameters used in the average of the ZIP N-Mixture model for 

bird abundance prediction. a) Models run for 80 sites (Vineyards and Fragments); b) Models run 

for 40 sites (only Fragments). Model average was made within all the models with ∆AICc<4. 

 

a) 

 

Model   Detection covariate Site covariate 

Bird abundance ~ Julian + Year ~ Fragment + Forest-Matorral + Fragment category 

Bird abundance ~ Julian  ~ Fragment + Forest-Matorral + Fragment category 

Bird abundance ~ Year   ~ Fragment + Forest-Matorral + Fragment category 

Bird abundance ~ 1   ~ Fragment + Forest-Matorral + Fragment category 

Bird abundance ~ 1   ~ 1 

 

b) 

 

Model   Detection covariate Site covariate 

Bird abundance ~ Julian + Year ~ Fragment + Forest-Matorral  

Bird abundance ~ Julian  ~ Fragment + Forest-Matorral  

Bird abundance ~ Year   ~ Fragment + Forest-Matorral  

Bird abundance ~ 1   ~ Fragment + Forest-Matorral  

Bird abundance ~ 1   ~ 1 

 

 

Results 

 

 I recorded 49 species (ranging from 1 to 14 species per site) across all vineyard landscapes 

(Table 1). Only 29 birds were selected for the individual species analysis, while all species were 

used for community analysis. Bird abundance was significantly lower in vineyards compared to in 

Fragments and Forest-Matorral (mean = 10.141, SE= 0.534) (Figure 2). Bird abundance was not 

different between Fragments (mean = 15.791, SE= 0.534) and Forest-Matorral (mean = 16.441, 

SE = 0.534) (F2,357 = 42.034, P<0.01). Richness was significantly different between the land covers 

(Anova; F2,357 = 142.61, p<0.001), with lowest values in Vineyard (mean = 4.175, SE = 0.215) 

followed by Fragments (mean = 7.750, SE = 0.215) and Forest-Matorral (mean = 9.175, SE = 

0.215) (Figure 2).  
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Figure 2. Comparison of abundance of individuals and species richness (± SE) between sites. 

Different letters represent significant differences between study sites. 

 

 In terms of bird guilds, endemic bird abundance was different between land covers (Anova; 

F2,357 = 115.96, p<0.001), and was lower in Vineyard (mean = 0.03, SE = 0.140), than in Fragments 

(mean = 1.108, SE = 0.140) and Forest-Matorral (mean = 3.016, SE = 0.140) (Figure 3). Granivore 

abundance was higher in Fragments (mean = 7.350, SE = 0.403) than other land covers, and with 

no differences between Vineyard (mean = 5.508, SE = 0.403) and Forest-Matorral (mean = 5.558, 

SE = 0.403) (Anova; F2,357 = 6.768, p=0.013) (Figure 3). Insectivore abundance was lower in 

Vineyard (mean = 0.450, SE = 0.236) than in Fragments (mean = 2.983, SE = 0.236) and Forest-

Matorral (mean = 6.806, SE = 0.236) (Anova; F2,357 = 156.39, p<0.001). Finally, omnivores were 

found in higher abundance in Fragments (mean = 5.158, SE = 0.281) than in Vineyard (mean = 

3.983, SE = 0.281), while the abundance in Forest-Matorral (mean = 4.650, SE = 0.281) was 

intermediate between the precedents land covers (Anova; F2,357 = 4.389, p = 0.013) (Figure 3). 
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Figure 3. Comparison of species detections by species communities (± SE) between study sites. 

Different letters represent significant differences between study sites. Endemics= 6 species, 

Granivores= 13 species, Insectivores= 14 species, omnivores= 7 species.  

 

Community models 

 

 All the community models evaluated showed at least two positive significant relationships 

with landscape covers evaluated (Figure 4a, Table 4a). Fragment presence at plot scale was the 

most frequent positive predictor of bird communities, affecting all the ensembles evaluated. 

Secondly, the Fragment proportion positively predicted groups, with exception of granivores. 

Finally the proportion of Forest-Matorral was positively associated with overall bird abundance, 

richness and granivores.   

 

Individual species models  

 

 Out of the 29 species analyzed in this study, 26 species presented a significant relationship 

with land covers (Figure 4b, Table 4b). At plot scale 45% of the birds analyzed were positively 

associated with the proportion of Fragment (California quail, Picui Ground-Dove,Chilean Flicker, 

Dusky Tapaculo, Dusky-tailed Canastero, White-crested Elaenia, Tufted Tit-Tyrant, Chilean 

Swallow, House Wren, Chilean Mockingbird, Common Diuca-Finch, Austral Blackbird, Long-

tailed Meadowlark), although 14% had a negative relationship with fragments (Eared Dove, 

Southern Lapwing, Chimango Caracara, Rufous-collared Sparrow). Similarly, Fragment presence 

was a positive predictor of 48% of the birds analyzed (California quail, Eared Dove, Picui Ground-

Dove, Turkey Vulture,  Chimango Caracara,  American Kestrel, White-crested Elaenia, Rufous-

tailed Plantcutter, House Wren, Austral Thrush, Chilean Mockingbird, Austral Blackbird,  Shiny 
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Cowbird, and Black-chinned Siskin) and a negative predictor of only 7% of the birds (Southern 

Lapwing and Band-tailed Sierra-Finch). At landscape scale, the proportion of Forest–Matorral was 

most important predictor for the majority of the species analyzed, positively influencing 52% of 

the species (California quail, Picui Ground-Dove, Turkey Vulture, Black-chested Buzzard-Eagle, 

Tufted Tit-Tyrant, Rufous-tailed Plantcutter, House Wren, Chilean Mockingbird, Grassland 

Yellow-Finch, Band-tailed Sierra-Finch, Common Diuca-Finch, Austral Blackbird, Shiny 

Cowbird, Long-tailed Meadowlark, Black-chinned Siskin) and negatively influencing 14% (Eared 

Dove, Southern Lapwing, White-crested Elaenia, Rufous-collared Sparrow). 

 

 Results from the comparison between the full model (Table 2a, Table 3) and the reduced 

model (Table 2b, Table 4) showed that Fragments proportion consistently predicted abundance. 

At plot scale the reduced model showed that 45% of the species (California quail, Picui Ground-

Dove, Chilean Flicker, Dusky Tapaculo, Dusky-tailed Canastero, White-crested Elaenia,  Tufted 

Tit-Tyrant, Chilean Swallow,  House Wren, Chilean Mockingbird, Common Diuca-Finch, Austral 

Blackbird, Long-tailed Meadowlark) were significantly positively influenced by Fragments 

proportion and 7% of the species (Eared Dove, Southern Lapwing, Chimango Caracara, Rufous-

collared Sparrow) were negatively affected (Table 4b). At landscape scale, the reduced model 

showed a significant positive relationship between Forest-Matorral and 35% of the species 

analyzed (California quail, Turkey Vulture, Tufted Tit-Tyrant, Rufous-tailed Plantcutter, Chilean 

Mockingbird, Band-tailed Sierra-Finch, Common Diuca-Finch, Shiny Cowbird, Long-tailed 

Meadowlark, Black-chinned Siskin), and a negative relationship with 7% of the species (Eared 

Dove, White-crested Elaenia, Rufous-collared Sparrow) (Table 4b). 
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Figure 4. Relationship between (a) species assemblages and (b) individual species with land 

covers. Only significant results are shown (p<0.05).  
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Table 3. Coefficients (± Standard Error) of N-mixture model covariates by communities (a) and 

species (b) listed in taxonomic order for 80 sites (vineyards and fragments). Significant values 

(p<0.05) are in bold. 

 
 

R-squared

a)

Abundance 0.06 (0.03) 0.10 (0.02) 0.11 (0.03) 0.49

Richness 0.13 (0.04) 0.14 (0.04) 0.17 (0.05) 0.49

Endemics 0.36 (0.10) 0.10 (0.14) 1.43 (0.33) 0.52

Insectivores 0.33 (0.05) -0.02 (0.06) 0.62 (0.10) 0.84

Omnivores 0.06 (0.04) -0.01 (0.04) 0.09 (0.05) 0.84

Granivores -0.01 (0.04) 0.19 (0.03) 0.08 (0.04) 0.84

b)

California quail 0.24 (0.13) 0.85 (0.16) 0.35 (0.22) 0.58

Eared Dove -0.40 (0.13) -0.16 (0.08) 0.20 (0.09) 0.23

Picui Ground-Dove 0.21 (0.14) 0.20 (0.17) 0.36 (0.24) 0.15

Southern Lapwing -0.75 (0.22) -0.25 (0.08) -0.18 (0.10) 0.59

Turkey Vulture 0.04 (0.22) 0.97 (0.48) 0.74 (0.67) 0.19

Harris's Hawk -0.57 (0.90) 0.16 (0.52) 0.23 (0.64) 0.03

Black-chested Buzzard-Eagle -0.31 (0.62) 0.90 (0.41) 0.15 (0.54) 0.11

Chilean Flicker 0.70 (0.32) 0.22 (0.49) 0.32 (0.66) 0.22

Chimango Caracara -0.55 (0.15) -0.06 (0.10) 0.27 (0.10) 0.29

American Kestrel -0.11 (0.51) 0.22 (0.50) 0.68 (0.66) 0.42

Dusky Tapaculo 0.62 (0.36) -0.35 (0.47) 5.24 (47.24) 0.37

Plain-mantled Tit-Spinetail 0.30 (0.46) 0.15 (0.24) 5.81 (43.29) 0.26

Dusky-tailed Canastero 0.55 (0.20) 0.09 (0.23) 5.93 (59.00) 0.35

White-crested Elaenia 0.35 (0.19) -0.20 (0.18) 1.70 (0.54) 0.36

Tufted Tit-Tyrant 0.44 (0.13) 0.34 (0.16) 6.30 (51.34) 0.56

Fire-eyed Diucon 0.06 (0.16) -0.15 (0.20) 0.14 (0.21) 0.23

Rufous-tailed Plantcutter -0.24 (0.62) 0.65 (0.46) 1.47 (0.82) 0.31

Chilean Swallow 0.33 (0.19) 0.00 (0.17) -0.18 (0.27) 0.10

House Wren 0.26 (0.10) 0.17 (0.13) 1.53 (0.37) 0.55

Austral Thrush -0.05 (0.10) 0.02 (0.10) 0.71 (0.15) 0.49

Chilean Mockingbird 0.38 (0.11) 0.44 (0.15) 1.09 (0.32) 0.46

Grassland Yellow-Finch 0.01 (0.07) 0.10 (0.06) -0.02 (0.08) 0.68

Band-tailed Sierra-Finch -0.15 (0.16) 0.17 (0.08) -0.34 (0.13) 0.45

Common Diuca-Finch 0.08 (0.07) 0.36 (0.09) 0.06 (0.11) 0.51

Rufous-collared Sparrow -0.22 (0.13) -0.17 (0.10) 0.05 (0.11) 0.12

Austral Blackbird 0.16 (0.08) 0.27 (0.10) 0.76 (0.15) 0.51

Shiny Cowbird 0.05 (0.14) 0.36 (0.21) 0.71 (0.36) 0.12

Long-tailed Meadowlark 0.14 (0.13) 0.59 (0.12) 0.09 (0.16) 0.35

Black-chinned Siskin 0.00 (0.10) 0.39 (0.09) 0.19 (0.11) 0.93

Fragment-categoryFragment Forest-Matorral
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Table 4. Coefficients (± Standard Error) of N-mixture model covariates by communities (a) and 

species (b) listed in taxonomic order for 40 sites (only within Fragments). Significant values 

(p<0.05) are in bold. 

 
 

R-squared

a)

Abundance 0.09 (0.03) 0.04 (0.03) 0.89

Richness 0.15 (0.05) 0.07 (0.05) 0.54

Endemics 0.35 (0.11) -0.03 (0.13) 0.41

Insectivores 0.37 (0.06) 0.00 (0.07) 0.63

Omnivores 0.07 (0.05) 0.08 (0.05) 0.51

Granivores 0.03 (0.04) 0.02 (0.04) 0.68

b)

California quail 0.27 (0.14) 0.56 (0.17) 0.49

Eared Dove -0.39 (0.14) -0.33 (0.12) 0.39

Picui Ground Dove 0.28 (0.18) -0.14 (0.19) 0.35

Southern lapwing -0.73 (0.26) -0.02 (0.16) 0.26

Turkey Vulture 0.05 (0.24) 0.99 (0.52) 0.19

Harris's Hawk -0.52 (0.95) -0.18 (0.71) 0.04

Black-chested Buzzard-Eagle -16.15 (57.32) 43.06 (136.43) 0.55

Chilean Flicker 0.79 (0.37) -0.04 (0.50) 0.19

Chimango caracara -0.59 (0.17) -0.04 (0.13) 0.32

American kestrel -0.13 (0.56) 0.35 (0.54) 0.45

Dusky Tapaculo 0.66 (0.39) -0.32 (0.43) 0.30

Plain-mantled Tit-Spinetail 0.32 (0.49) 0.14 (0.22) 0.04

Dusky-tailed Canastero 0.59 (0.22) 0.08 (0.21) 0.18

White crested elaenia 0.37 (0.20) -0.23 (0.17) 0.13

Tufted Tit tyrant 0.47 (0.14) 0.32 (0.15) 0.39

Fire eyed diucon 0.00 (0.20) -0.02 (0.23) 0.18

Rufous-tailed Plantcutter -0.22 (0.70) 0.50 (0.38) 0.26

Chilean Swallow 0.33 (0.21) -0.18 (0.29) 0.19

House Wren 0.29 (0.11) 0.11 (0.13) 0.17

Austral thrush -0.01 (0.12) -0.06 (0.11) 0.45

Chilean Mockingbird 0.41 (0.12) 0.29 (0.15) 0.27

Grassland yellow finch 0.04 (0.08) 0.01 (0.08) 0.75

Band-tailed Sierra-Finch -0.12 (0.19) 0.18 (0.16) 0.26

Common diuca finch 0.15 (0.09) 0.35 (0.09) 0.54

Rufous collared sparrow -0.24 (0.14) -0.22 (0.13) 0.21

Austral blackbird 0.17 (0.09) 0.10 (0.10) 0.26

Shiny cowbird 0.08 (0.18) 0.26 (0.21) 0.05

Long tailed meadowlark 0.17 (0.14) 0.43 (0.15) 0.27

Black chinned siskin 0.08 (0.11) 0.17 (0.12) 0.71

Fragment Forest-Matorral
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Discussion and Conclusions  

 

 Conserving biodiversity in agricultural landscapes is an unresolved challenge, in particular 

in Mediterranean type ecosystems in where agricultural expansion and unique wildlife habitat 

overlap. I found that fragments of native vegetation within vineyards significantly retained bird 

communities in vineyard landscapes. Fragments significantly increased abundance and richness 

compared to the vineyards in which they are located, and also affected assemblages of endemics, 

insectivores, granivores and omnivores (Figure 3,4a). An equally important finding is that the 

proportion of fragment native vegetation within a given landscape area affected similarly species 

than the mere presence of fragments. This highlights the important role of remnants of native 

vegetation within agroecosystem, particularly remnant size. Our evidence supports a land sharing 

approach, where more structurally diverse habitat within agroecosystems and habitat heterogeneity 

at landscape scale (Forest-Matorral) can enhance biodiversity in working landscapes (Vandermeer 

& Perfecto 2007; Tscharntke et al. 2012).  

 

 The results coincide with other studies finding that fragments, as well as hedge proportion 

and small woods within vineyards, support higher bird richness and abundance (Jedlicka et al. 

2014; Assandri et al. 2016; Pithon et al. 2016; Guyot et al. 2017; Steel et al. 2017). In particular, 

the observed increase in insectivore birds due to large fragments is in agreement with other studies 

in vineyards (Jedlicka et al. 2014; Barbaro et al. 2017). Insectivore species as Chilean swallow and 

House Wren, were more abundant in vineyards with fragments. Higher insectivore abundance 

could be associated to ecosystem services such as insect predation relevant to vineyard pest 

management (Jedlicka et al. 2011; Barbaro et al. 2017). However, further research is required to 

better assess the impacts of biological control via bird predation of insects in Chilean 

agroecosystems.      

 

 Fragments were particularly relevant for endemic species. Although fragments could be 

expected to favor mainly more mobile species such as Chilean Mockingbird and Dusky-tailed 

Canastero, this was observed also for the Dusky tapaculo, a rhinocryptid species which is less 

mobile (Table 3). Other endemic rhinocryptids were excluded from the analysis due to their low 

rates of detectability within fragments and vineyards (zero White-throated Tapaculo, and three 

Moustached Turca), indicating that these species are less likely to be found in anthropogenic 

environments. More focused research on these less mobile species would be needed to study their 

behavior. Forest patches were also relevant for Neotropical migratory species as White-crested 

Elaenia, showing that agroecosystems with large forest patches were indispensable for birds, and 

in particular for species that need connectivity at landscape scales (Carneiro et al. 2012; 

Mastrangelo & Gavin 2012; Gilroy et al. 2015).  

 

  The results are consistent with existing literature demonstrating that vineyards support bird 

communities across the globe (Jedlicka et al. 2011; Assandri et al. 2017; Steel et al. 2017; Barbaro 

et al. 2017). Vineyards monocultures, without fragments of native vegetation favored a subset of 

species, all of them associated with open habitat and higher tolerance to anthropogenic 

environments. Eared Dove, Southern Lapwing, Chimango Caracara, Rufous-collared Sparrow are 

species commonly found in agroecosystems and urban areas (Silva et al. 2015; Muñoz-Sáez et al. 

2017). Interestingly, abundance of Eared Dove and Chimango caracara were negatively related to 
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the proportion of fragments but positively associated to the presence of fragments, indicating that 

even small fragments could be favor these species. 

 

 Plot and landscape scale (buffer of 50 m radii and annular buffer of 500 to 1000 m radii) 

were important for conservation within this agroecosystem (Lindenmayer et al. 2010; Barbaro et 

al. 2017). This result indicated that both core areas of native vegetation as well as fragments of 

native vegetation within vineyards are necessary to enhance birds in agroecosystem. My results 

agree in part with others findings that the plot scale are more relevant for predicting distribution 

of birds in agroecosystem (Pelosi et al. 2014; Jeliazkov et al. 2016). Landscape scale was important 

for some communities as for granivores, indicating that multiple scales should be considered for 

this study area. My findings also coincide others highlighting the significance of small structural 

features such as single trees or hedgerows for increase birds within agroecosystems (Mendenhall 

et al. 2011; Martin et al. 2012; Muñoz-Sáez et al. 2017). This could be related to agriculture is a 

recent (last 500 years) driver of land use change in comparison with other regions such as Europe 

where agriculture has a long history of habitat modification (Gignoux et al. 2011).  

 

 These results should be interpreted in light of study limitations. Firstly, I did not measure 

micro-scale variables, as inter row cover crops or bare soil, that could shape bird communities in 

vineyards (Schaub et al. 2010; Arlettaz et al. 2012; Duarte et al. 2014; Guyot et al. 2017). However, 

previous research showed that these variables could be more significant during winter and not for 

the reproductive season in central Chile (Muñoz-Sáez et al. 2017). Secondly, I did not assess the 

influence of the agricultural management (i.e. conventional versus organic) as a covariate with 

bird abundance. Our study design cannot disentangle the interactions between agricultural 

management and landscape complexity. Indeed, some of the vineyards that present high landscape 

complexity (forest fragments) were managed conventionally while other vineyards that were 

managed organically presented low landscape complexity or were surrounded by other crops 

(A.M.-S., personal observation). Recent literature reveals that in highly mobile species such as 

birds, the proportion of natural vegetation within the landscape appears to be more relevant than 

conventional/organic management (Gabriel et al. 2010; Gonthier et al. 2014; Assandri et al. 2016, 

2017). Future research should be conducted in central Chile to assess these caveats.  

 

 Conservation of Forest-Matorral will play a fundamental role for the dynamics of whole 

bird communities. Given the potential for habitat fragments in and around the vineyard to enhance 

bird composition across the vineyard landscape and the fact that these fragments can be easily 

maintained or restored within vineyards, at low economic cost for vineyard production, I propose 

that maintaining and restoring fragments of native habitat should be widely adopted by grape 

growers (Cunningham et al. 2008; Lindenmayer et al. 2010).  

 

 Restoration approaches should vary depending on the conservation goal. For example, in 

order to increase the potential ecosystem services provided by insectivore birds, fragments and 

large areas or Forest-Matorral are essential for a landscape planning in this area. In contrast, in 

order to conserve endemic rhynocriptids, preserving and restoring large areas of native vegetation 

is crucial. Most Scleorphyllous forest and Chilean Matorral is located in private sector, and the 

majority of the vineyards participating in this research own adjacent hills with native vegetation. 

A lack of policies and incentives that promote conservation of these ecosystems is still a challenge. 

Recently, laws approved by the Chilean parliament favor private parks, but incentives for 



74 
 

conservation are still poor, with a lack of practical legal recognition (Tecklin & Sepulveda 2014) 

and depend on individual species preferences by landowners (Zorondo-Rodríguez et al. 2014) (e.g. 

there was more affinity to conserve birds than bats,  A.M.-S. personal observation).  

 

 Simultaneously, land use change by vineyards is a continuous threat for wild areas due to 

continuous growth trends in the last 30 years (Viers et al. 2013). Vineyard industry sales are valued 

at US $2,200 million for the year 2011 and projected to reach US $4,500 million in 2020 (Vinos 

de Chile 2010). The main driver of this industry is international market demand (Vinos de Chile 

2010). Lack of land planning and restrictions to agricultural expansion are not currently part of the 

Chilean economic growth model (Tecklin & Sepulveda 2014). However, consumers demand could 

play a significant role in driving wine industry innovation toward a more sustainable arena (Viers 

et al. 2013). Strategies that preserve and restore fragments of native vegetation and core areas 

within vineyards can provide a successful approach for bird conservation in Chilean 

agroecosystems. 

 

Acknowledgements  

 

A.M.-S. thanks to Becas Chile (CONICYT)-Fulbright (grant #72110760), and UC Berkeley 

(ESPM) scholarships. I thank Dr. O. Barbosa for facilitate the contact with vineyards owners, and 

vineyards that participate in this research by providing access to their lands.  

 

References 

 

Arlettaz R, Maurer ML, Mosimann-Kampe P, Nusslé S, Abadi F, Braunisch V, Schaub M. 2012. 

New vineyard cultivation practices create patchy ground vegetation, favouring Woodlarks. 

Journal of Ornithology 153:229–238. 

Assandri G, Bogliani G, Pedrini P, Brambilla M. 2016. Diversity in the monotony ? Habitat traits 

and management practices shape avian communities in intensive vineyards. Agriculture, 

Ecosystems and Environment 223:250–260. Elsevier B.V. 

Assandri G, Giacomazzo M, Brambilla M, Griggio M, Pedrini P. 2017. Nest density, nest-site 

selection, and breeding success of birds in vineyards: Management implications for 

conservation in a highly intensive farming system. Biological Conservation 205:23–33. 

Barbaro L, Rusch A, Muiruri EW, Gravellier B, Thiery D, Castagneyrol B. 2017. Avian pest 

control in vineyards is driven by interactions between bird functional diversity and 

landscape heterogeneity. Journal of Applied Ecology 54:500–508. 

Barnosky AD et al. 2012. Approaching a state shift in Earth’s biosphere. Nature 486:52–58. 

Nature Publishing Group. 

Bowen ME, McAlpine CA, House APN, Smith GC. 2009. Agricultural landscape modification 

increases the abundance of an important food resource: mistletoes, birds and brigalow. 

Biological Conservation 142:122–133. 

Burnham KKP, Anderson DRD. 2002. Model Selection and Multimodel Inference. Page 

(Burnham KP, Anderson DR, editors) Ecological Modelling. Springer New York, New 

York, NY. 

Carneiro AP, Jiménez JE, White jr. TH. 2012. Post-fledging habitat selection by the Slender-

Billed Parakeet (Enicognathus leptorhynchus ) in a fragmented agricultural landscape of 

southern Chile. The Condor 114:166–172. 



75 
 

Cunningham RB, Lindenmayer DB, Crane M, Michael D, MacGregor C, Montague-Drake R, 

Fischer J. 2008. The combined effects of remnant vegetation and tree planting on farmland 

birds. Conservation Biology 22:742–752. 

Dirzo R, Young HS, Galetti M, Ceballos G, Isaac NJB, Collen B. 2014. Defaunation in the 

Anthropocene. Science (New York, N.Y.) 345:401–406. 

Duarte J, Farfán MA, Fa JE, Vargas JM, Duarte J, Farfán MA, Fa JE, Vargas JM. 2014. Soil 

conservation techniques in vineyards increase passerine diversity and crop use by 

insectivorous birds passerine diversity and crop use by insectivorous birds. Bird Study 

61:193–203. 

Duran AP, Duffy JP, Gaston KJ. 2014. Exclusion of agricultural lands in spatial conservation 

prioritization strategies: consequences for biodiversity and ecosystem service 

representation. Proceedings of the Royal Society B: Biological Sciences 281:20141529–

20141529. 

Elsen PR, Tingley MW, Kalyanaraman R, Ramesh K, Wilcove DS. 2017. The role of 

competition, ecotones, and temperature in the elevational distribution of Himalayan birds. 

Ecology 98:337–348. 

ESRI. 2016. ArcGis desktop 10.5 Environmental system research institute. Redlands. 

Environmental system research institute, California, USA. 

ESRI. 2017. ESRI World Imagery. Redlands, California, USA. Available from 

http://services.arcgisonline.com/ArcGIS/rest/services/World_Imagery/MapServer. 

Estades CF. 1997. Bird-habitat relationships in a vegetational gradient in the Andes of central 

Chile. The Condor 99:719–727. 

Fischer J, Abson DJ, Butsic V, Chappell MJ, Ekroos J, Hanspach J, Kuemmerle T, Smith HG, 

von Wehrden H. 2014. Land sparing versus land sharing: Moving forward. Conservation 

Letters 7:149–157. 

Gabriel D, Sait SM, Hodgson JA, Schmutz U, Kunin WE, Benton TG. 2010. Scale matters: The 

impact of organic farming on biodiversity at different spatial scales. Ecology Letters 

13:858–869. 

Gajardo R. 1994. La Vegetación Natural de Chile: Clasificación y distribución geográfica. Page 

(Universitaria E, editor). Editorial Universitaria, Santiago, Chile. 

Gignoux CR, Henn BM, Mountain JL. 2011. Rapid, global demographic expansions after the 

origins of agriculture. Proceedings of the National Academy of Sciences of the United 

States of America 108:6044–9. 

Gilroy JJ, Medina Uribe CA, Haugaasen T, Edwards DP. 2015. Effect of scale on trait predictors 

of species responses to agriculture. Conservation Biology 29:463–472. 

Gonthier DJ et al. 2014. Biodiversity conservation in agriculture requires a multi-scale approach 

Biodiversity conservation in agriculture requires a multi-scale approach. Proceedings of the 

Royal Society B: Biological Sciences 281:20141358. 

Guyot C, Arlettaz R, Korner P, Jacot A. 2017. Temporal and spatial scales matter: Circannual 

habitat selection by bird communities in vineyards. PLoS ONE 12:e0170176. 

Hannah L, Roehrdanz PR, Ikegami M, Shepard A V., Shaw MR, Tabor G, Zhi LL, Marquet PA, 

Hijmans RJ. 2013. Climate change, wine, and conservation. Proceedings of the National 

Academy of Sciences 110:6907–6912. National Academy of Sciences. 

Heikkinen RK, Luoto M, Virkkala R, Rainio K. 2004. Effects of habitat cover, landscape 

structure and spatial variables on the abundance of birds in an agricultural-forest mosaic. 

Journal of Applied Ecology 41:824–835. 



76 
 

Ikin K, Mortelliti A, Stein J, Michael D, Crane M, Okada S, Wood J, Lindenmayer D. 2015. 

Woodland habitat structures are affected by both agricultural land management and abiotic 

conditions. Landscape Ecology 30:1387–1403. Springer Netherlands. 

Jedlicka J a., Greenberg R, Raimondi PT. 2014. Vineyard and riparian habitat, not nest box 

presence, alter avian community composition. The Wilson Journal of Ornithology 126:60–

68. 

Jedlicka JA, Greenberg R, Letourneau DK. 2011. Avian Conservation Practices Strengthen 

Ecosystem Services in California Vineyards. PLoS ONE 6:e27347. 

Jeliazkov A, Mimet A, Chargé R, Jiguet F, Devictor V, Chiron F. 2016. Impacts of agricultural 

intensification on bird communities: New insights from a multi-level and multi-facet 

approach of biodiversity. Agriculture, Ecosystems and Environment 216:9–22. 

Kang W, Minor ES, Park C, Lee D. 2015. Effects of habitat structure, human disturbance, and 

habitat connectivity on urban forest bird communities. Urban Ecosystems 18:857–870. 

Kremen C. 2015. Reframing the land-sparing/land-sharing debate for biodiversity conservation. 

Annals of the New York Academy of Sciences 1355:52–76. 

Kremen C, Miles A. 2012. Ecosystem Services in Biologically Diversified versus Conventional 

Farming Systems: Benefits, Externalitites, and Trade-Offs. Ecology and Society 17:1–23. 

Lindenmayer DB, Knight EJ, Crane MJ, Montague-Drake R, Michael DR, MacGregor CI. 2010. 

What makes an effective restoration planting for woodland birds? Biological Conservation 

143:289–301. Elsevier Ltd. 

Martin E a., Viano M, Ratsimisetra L, Laloë F, Carrière SM. 2012. Maintenance of bird 

functional diversity in a traditional agroecosystem of Madagascar. Agriculture, Ecosystems 

and Environment 149:1–9. 

Martinez D, Gonzalez G. 2004. Las aves de Chile : nueva guía de campo. Page (Naturalista E 

del, editor). Ediciones del Naturalista, Santiago, Chile. 

Mastrangelo ME, Gavin MC. 2012. Trade-Offs between Cattle Production and Bird 

Conservation in an Agricultural Frontier of the Gran Chaco of Argentina. Conservation 

Biology 26:1040–1051. 

Mendenhall CD, Sekercioglu CH, Brenes FO, Ehrlich PR, Daily GC. 2011. Predictive model for 

sustaining biodiversity in tropical countryside. Proceedings of the National Academy of 

Sciences 108:16313–16316. 

Merenlender AM, Reed SE, Heise KL. 2009. Exurban development influences woodland bird 

composition. Landscape and Urban Planning 92:255–263. 

Michael DR, Wood JT, Loughlin TO, Lindenmayer DB. 2016. Influence of land sharing and 

land sparing strategies on patterns of vegetation and terrestrial vertebrate richness and 

occurrence in Australian endangered eucalypt woodlands. Agriculture, Ecosystems and 

Environment 227:24–32. Elsevier B.V. 

Muñoz-Sáez A, Perez-Quezada JF, Estades CF. 2017. Agricultural landscapes as habitat for birds 

in central Chile. Revista Chilena de Historia Natural 90:3. Revista Chilena de Historia 

Natural. 

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GAB, Kent J. 2000. Biodiversity 

hotspots for conservation priorities. Nature 403:853–858. 

Pelosi C, Bonthoux S, Castellarini F, Goulard M, Ladet S, Balent G. 2014. Is there an optimum 

scale for predicting bird species’ distribution in agricultural landscapes? Journal of 

environmental management 136:54–61. 

Perfecto I, Vandermeer J. 2010. The agroecological matrix as alternative to the land-



77 
 

sparing/agriculture intensification model. Proceedings of the National Academy of Sciences 

of the United States of America 107:5786–91. 

Phalan B, Onial M, Balmford A, Green RE. 2011. Reconciling Food Production and Biodiversity 

Conservation: Land Sharing and Land Sparing Compared. Science 333:1289–1291. 

Pithon JA, Beaujouan V, Daniel H, Pain G, Vallet J. 2016. Are vineyards important habitats for 

birds at local or landscape scales? Basic and Applied Ecology 17:240–251. 

Ralph C, Droege S, Sauer J. 1995. Managing and monitoring birds using point counts: standards 

and applications. USDA Forest Service Gen. Tech. Rep. PSW-GTR-149 PSW-GTR-

14:161–168. 

Remsen JVJ, Cadena CD, Jaramillo A, Nores M, Pacheco JF, Pérez-Emán J, Robbins MB, Stiles 

FG, Stotz DF, Zimmer KJ. 2014. A Classification of the Bird Species of South America. 

Scytalopus griseicollis. Page American Ornithologists’ Union. 

Santibáñez F, Uribe J. 1993. Atlas agroclimático de Chile: regiones VI y VII. Page (Universidad 

de Chile, Fac. de Cs. Agrarias y Forestales L de A, editor). Universidad de Chile, Fac. de 

Cs. Agrarias y Forestales, Santiago, Chile. 

Schaub M, Martinez N, Tagmann-Ioset A, Weisshaupt N, Maurer ML, Reichlin TS, Abadi F, 

Zbinden N, Jenni L, Arlettaz R. 2010. Patches of Bare Ground as a Staple Commodity for 

Declining Ground-Foraging Insectivorous Farmland Birds. PLoS ONE 5:e13115. 

Şekercioğlu Ç, Loarie S, Oviedo-Brenes F, Mendenhall C, Daily G, Ehrlich P. 2015. Tropical 

countryside riparian corridors provide critical habitat and connectivity for seed-dispersing 

forest birds in a fragmented landscape. Journal of Ornithology 156:343–353. 

Silva CP, García CE, Estay SA, Barbosa O. 2015. Bird Richness and Abundance in Response to 

Urban Form in a Latin American City: Valdivia, Chile as a Case Study. PLOS ONE 

10:e0138120. Public Library of Science. 

Steel ZL, Steel AE, Williams JN, Viers JH, Marquet PA, Barbosa O. 2017. Patterns of bird 

diversity and habitat use in mixed vineyard-matorral landscapes of Central Chile. 

Ecological Indicators 73:345–357. Elsevier Ltd. 

Tecklin DR, Sepulveda C. 2014. The Diverse Properties of Private Land Conservation in Chile: 

Growth and Barriers to Private Protected Areas in a Market‑friendly Context. Conservation 

and Society 12:203–217. 

Trimble. 2012. eCognition Trimble Geospatial Imaging. Sunnyvale. Trimble Geospatial 

Imaging, California, USA. 

Tscharntke T, Clough Y, Wanger TC, Jackson L, Motzke I, Perfecto I, Vandermeer J, Whitbread 

A. 2012. Global food security, biodiversity conservation and the future of agricultural 

intensification. Biological Conservation 151:53–59. Elsevier Ltd. 

Vandermeer J, Perfecto I. 2007. The Agricultural Matrix and a Future Paradigm for 

Conservation. Conservation Biology 21:274–277. 

Viers JH, Williams JN, Nicholas KA, Barbosa O, Kotzé I, Spence L, Webb LB, Merenlender A, 

Reynolds M. 2013. Vinecology: pairing wine with nature. Conservation Letters 6:287–299. 

Vinos de Chile. 2010. Estrategia interna 2020. Available from 

http://www.winesofchile.org/es/system/files/files_studies_reports/Estrategia - Plan 2020 

Mercado Interno - Final %281%29.pdf. 

Zorondo-Rodríguez F, Reyes-García V, Simonetti JA. 2014. Conservation of biodiversity in 

private lands: are Chilean landowners willing to keep threatened species in their lands? 

Revista Chilena de Historia Natural 2014 87:1 87:4. Springer International Publishing. 

Zuur AF, Ieno EN, Walker N, Saveliev AA, Smith GM. 2009. Mixed effects models and 



78 
 

extensions in ecology with R. Page Statistics for Biology and HealthStatistics. Springer 

New York, New York, NY. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



79 
 

Chapter 4. Convergent evolution under a new driver of 

landscape change? Comparing the influence of vineyards on 

bird communities in two Mediterranean type ecosystems 
 

Abstract  

 

 Comparative studies across Mediterranean-climate ecosystems can be useful to increasing 

our general understanding of how ecosystems respond to changes in land use and land cover. 

Studying similar agricultural systems and natural ecosystems across continents can also help detect 

patterns of global change and explore biodiversity conservation strategies. Here, I conducted a 

comparative study assessing the influence of vineyards at landscape scale in Chile and California. 

Birds were studied in woodlands surrounded by varying degrees of vineyard development in Chile 

and California. Vineyard proportion in the landscape significantly influenced bird community 

composition in both study areas. Species co-occurrence analysis showed that interaction between 

species adapted to agricultural areas may influence communities in natural areas surrounded by 

agricultural lands.  

 

Introduction  

 

 In the 1970s, a series of comparative studies in California, Chile, and other Mediterranean 

type ecosystems influenced our fundamental understanding of how organisms unrelated by 

phylogeny but experiencing a common environment use resources similarly and consequently 

evolve a convergent community structure (Mooney 1977). In other words, organisms become more 

similar under a similar environment even if they come from different linages (Schulter 1986). 

Study cases of species converge has been reported at species level (Fuentes 1976; Cody & Mooney 

1978; Wiens 2012), but also at community level (Schulter 1986). Whereas at specific level 

indicates the main relationship with environment and evolutionary process, at community level 

integrates the relevance of the interspecific relationships (Schulter 1986). This is referred to as the 

theory of convergent evolution; and while some have questioned this theory (e.g. Blondel et al. 

1984) because  differences in methodologies and study sites and interpretation of the results can 

lead to different conclusions. Other studies that were not only focused in eco-morphological traits, 

showed similarities in community organization for bird in terms of species number, distribution of 

trophic and foraging levels, abundance of species that perform analogous roles the comparison 

between Chile and California (Cody & Mooney 1978). Existent similarities in bird communities 

mediterranean ecosystems showed that granivores birds (finches) converge in size and shape 

within these two areas related to responses to natural selection, phylogenetic history or habitat 

utilization (Schulter 1986). A comparison of lizards between Chile and California showed that 

habitat  and time of activity preferences by analogous species in both study sites supported 

ecological convergence (Fuentes 1976). In terms of species interactions within a granivores bird 

community, Schulter (1986) suggested a competition between species of the same size and a 

mutualism between species of different size. All these comparative studies were framed in 

historical context, were agriculture was not directily accounted for its influence on wildlife.  
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It is clear that comparative studies across Mediterranean-climate ecosystems have revealed 

that agricultural systems are impacting biodiversity loss in the Anthropocene (Barnosky et al. 

2012; Ceballos et al. 2015). Furthermore, similarities in agroecosystems among Mediterranean-

climate region globally provide opportunities to develop conservation strategies and test theories 

on minimizing impacts to biodiversity while accommodating the demand for increased agricultural 

production (e.g. land sparing/land sharing debate) (Green et al. 2005; Perfecto et al. 2009; 

Balmford et al. 2012; Viers et al. 2013). Scholars have actively debated strategies to conserve 

biodiversity within agroecosystems in the last twenty years. These studies, such as land sparing 

vs. land sharing and the development of new management strategies, occurred mainly in tropical 

agroecosystems (Perfecto et al. 2004; Phalan et al. 2011; Mendenhall et al. 2014), with few studies 

in mediterranean-ecosystems (Jedlicka et al. 2011; Assandri et al. 2017; Steel et al. 2017; Barbaro 

et al. 2017; Muñoz-Sáez et al. 2017). 

 

 Vineyards are an important for the economy of all Mediterranean-climate regions and a 

significant driver of habitat loss (Merenlender 2000; Viers et al. 2013). Vineyards continue to drive 

land use change in these regions and California and Chile are no different.  While these areas are 

relatively new comer to wine production compared to Mediterranean Europe, both regions have 

experienced dramatic increases in vineyard acreage, starting in the late 1970s and late 1990s, 

respectively (Viers et al. 2013; Odepa 2015; Steel et al. 2017). Vineyards can be used in both areas 

to evaluate agricultural patterns on biodiversity. Vineyards as other agricultural landscapes can 

influence bird communities (Steel et al. 2017; Muñoz-Sáez et al. 2017), and it expected that bird 

communities respond differently in both study sites.   

 

Here, I conducted a comparative study to assess the influence of vineyards on bird 

communities in California and Chile. My goal was to assess the similarities and differences in bird 

community between these study areas under a gradient of agricultural expansion, and define which 

species are more or less adapted to agricultural influence. Specifically, I sought to determine which 

species are positively or negatively affected by co-occurrence, of agricultural adapted birds in 

particular, with other birds when the amount of surrounding vineyard is taken in account.  

 

Methods 

 

Study sites 

  

The study was conducted in two Mediterranean-climate ecosystems, California and Chile 

(Figure 1). In California, 130 bird plot survey stations were established in oak woodland habitat in 

the interior Coast Ranges of eastern Sonoma County and western Napa County. Mixed oak 

woodland (Quercus spp.) is the dominant cover type and is interspersed with chaparral, grassland, 

conifers, riparian woodland, and vineyards. In Chile, 40 bird surveys station were established in 

“Matorral” (e.g. Acacia caven (Molina)) habitat (Gajardo 1994). In both regions most valley 

bottoms are highly modified, having largely been converted from native vegetation to vineyards 

and rural residential development (Merenlender 2000; Merenlender et al. 2009; Viers et al. 2013; 

Cameron et al. 2014). Remnant natural habitat generally occurs along creeks and in the hillsides 

and hilltops within the agricultural matrix. Both regions are characterized by a Mediterranean 

climate with cool, wet winters and warm, dry summers (Viers et al. 2013; Cameron et al. 2014).  
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Figure 1. Study Area in Chile (N=40) and California (N=130) bird survey stations located in a 

gradient of vineyard influence. 

 
Bird surveys 

 
 Birds were sampled in California at 130 survey stations during the breeding season (May 

and June) in 2002 and 2003. In Chile, 40 survey stations were surveyed during the breeding season 

in 2014 and 2015. In both study areas survey stations were located at least 250 meters apart within 

native habitat and distributed across a general gradient of vineyard development intensity. Areas 

near moderate- to high-density residential development were avoided. For periods of five minutes 

in California and 10 minutes in Chile, all birds seen or heard within a radius of 50 meters of the 

survey station were recorded. Counts were conducted in the early morning between 06:00 and 

12:00, when birds are highly active. Each survey station was visited and surveyed five or six times 

in California and three times in Chile. All the bird counts were conducted at least 10 days apart in 

both study sites.  

 
Landscape data 

 
  In California, all vineyard boundaries were digitized from orthorectified aerial photos from 

1993, 2000, 2002, and 2004. The compiled vineyard layer was converted to a raster layer with a 

25-meter cell size, which was used to calculate the proportion of vineyard within radius plots of 

1000 m from each bird survey station. In Chile, I used Environmental Systems Research Institute 

(ESRI) World Imagery (2013-2014) with with a spatial resolution of ≤1 m2 to classify vineyard 

variables at 1000 m buffer radius (ESRI 2017). The image classification was verified based on 

field observations at each study site.  Object based image analysis (OBIA) (0.9 meters per pixel 

resolution) was used to identify and map vineyards using eCognition Developer (Trimble 2012) 

and ArcGIS 10.5 (ESRI 2016) software within radius plots of 1000 m from each survey station. 

The accuracy of the land cover category were insured via visual inspection on screen and manual 

classification on ArcMap.  
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Statistical analysis  

 
I identified all species that were present in greater than 9 sites in Chile and in 29 sites in 

California (standardized across study regions as 22.5% of the total number of study sites) in order 

to avoid problems of modeling rare species (Stockwell & Peterson 2002; Pelosi et al. 2014). Thus, 

a subset of 30 species in California and 22 species in Chile were selected and analyzed. I then used 

zero-inflated Poisson N-mixture (ZIP N-mixture) models to evaluate the variation explained by 

vineyard land cover. Secondly, I selected the species models with an R-squared < 0.10, in order to 

select the model with a minimum of explained variability by vineyards, to run the joint species 

distribution models (JSDM) to evaluate changes in co-occurrence of species in relationship taking 

into effect the variation explained by differences in the amount of vineyards present in the 

surrounding landscape. 

 

ZIP N-mixture were used to model the relationship between birds counts and standardized 

vineyard proportion (Burnham & Anderson 2002; Kelly et al. 2016). ZIP N-mixture is a useful 

method that capitalizes on information from multiple site visits to incorporate probability of 

detecting a species given its abundance adjusted by zero inflation. This approach is designed to 

produce more accurate estimates of abundance than methods that do not explicitly adjust the model 

results according to estimated detection error (Zuur et al. 2009; Dénes et al. 2015; Elsen et al. 

2017). Julian date of bird count sampling and year (year, two levels: 0, 1) was included to estimate 

observational covariates that could influence probability of detection. I ran five different model 

versions to explore the parameters for detectability for each species (Table 1). In each model I 

evaluated influence of detectability factors keeping the abundance parameters (vineyards) 

constant, with the exception of the fifth model that is considered the null (Elsen et al. 2017). Model 

averaging was made within the models with a ∆AICc less than 4 (Table 1), which allows 

incorporation of uncertainty from several models rather than selecting only one best model, 

resulting in a more robust prediction (Burnham & Anderson 2002; Zuur et al. 2009). ZIP N-mixture 

models were conducted using R 3.4.2 (R Development 2017) using with the packages unmarked 

(Fiske & Chandler 2011) and AICcmodavg (Mazerolle 2017).  

 

Table 1. Model parameters used in the average of the ZIP N-Mixture models for bird abundance 

prediction. Model averaging included all models with ∆AICc less than 4. 

Model Detection covariate Site covariate 

Bird abundance ~ Julian + Year ~ Vineyard proportion 

Bird abundance ~ Julian ~ Vineyard proportion 

Bird abundance ~ Year ~ Vineyard proportion 

Bird abundance ~ 1 ~ Vineyard proportion 

Bird abundance ~ 1 ~ 1 

 

 I then used the Joint Species Distribution Models (JSDM) method that uses 

presence/absence data to evaluate possibility of co-occurrence interactions among the bird species 

(Pollock et al. 2014). A species was recorded as present if it was detected during at least one survey 

of the 5 or 6 visit per site in the case of California and in one of the three visits in the case of Chile, 
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combined across visits to the survey locations in order to reduce the bias related to detection 

probability (McCarthy et al. 2013). JSDM accounts for the influence of the environmental 

variables (vineyard proportion at landscape scale) in the evaluation of potential patterns of co-

occurrence between pairs of species (Pollock et al. 2014; Kelly et al. 2016; Royan et al. 2016). I 

used Markov Chain Monte Carlo Bayesian software JAGS 4.2.0 package R2jags to run the JSDM 

(Su & Yajima 2015). I ran five chains for 1,000,000 iterations with the first 15,000 discarded as 

burn-in and the remaining samples thinned by a value of 1,000 such that 985 samples were retained 

for the analysis. Model convergence was evaluated using a diagnostic plot. We used vague normal 

priors (mean=0, SD=1) for all model parameters. 

  

Results 

 

 The bird families that had highest number of species corresponded to Rhinocrytpidae and 

Thraupidae, in Chile and Tyrannidae and Emberizidae in California (Figure 2). In terms of relative 

abundance by dietary preference, insectivores were the most abundant birds in both areas (33% 

and 43% for Chile and California, respectively), while omnivores were more abundant in Chile 

than in California (Figure 2). Granivores and endemic birds had similar abundance in both regions 

(Figure 3). 
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Table 2. Species names, diet preferences, and code for Chile (A) and California (B). Dietary group 

codes: G granivores, I insectivores, N nectarivore, O omnivores. Other codes: Ex Exotic, En 

Endemic. Names were assigned according to Remsen et al. (2016).  

 

 

 

 

 

 

A)

Common name Scientific name Code Diet

California quail Callipepla californica CAQU G (Ex)

Eared Dove Zenaida auriculata EADO G

Picui Ground Dove Columbina picui   PGDO G

Chilean Flicker  Colaptes pitius   CHFL I

Chimango Caracara Milvago chimango   CHCA O

Moustached Turca Pteroptochos megapodius   MOTU I (En)

White-throated Tapaculo Scelorchilus albicollis   WTTA I (En)

Dusky Tapaculo Scytalopus fuscus   DUTA I (En)

Plain-mantled Tit-Spinetail  Leptasthenura aegithaloides  PMTS I

Dusky-tailed Canastero Pseudasthenes humicola   DTCA I (En)

White-crested Elaenia  Elaenia albiceps   WCEL I

Tufted Tit-Tyrant Anairetes parulus   TUTT I

House Wren Troglodytes aedon   HOWR I

Austral Thrush Turdus falcklandii   AUTH O

Chilean Mockingbird Mimus  thenca   CHMO O (En)

Grassland Yellow-Finch  Sicalis luteola   GRYF G

Mourning sierra-finch Phrygilus fruticeti MSFI G

Common diuca finch Diuca diuca CDFI G

Rufous-collared Sparrow Zonotrichia capensis   RCSP G

Austral blackbird Curaeus curaeus AUBL O

Long-tailed medowlark Sturnella loyca LTME O

Black-chined siskin Spinus barbata BCSI G

B)

Common name Scientific name Code Diet

California Quail Callipepla californica CAQU G

Mourning Dove Zenaida macroura MODO G

Anna's Hummingbird Calypte anna ANHU N

Acorn Woodpecker Melanerpes formicivorus ACWO O 

Nuttall's Woodpecker Picoides nuttallii NUWO I (En)

Northern Flicker Colaptes auratus NOFL I

Ash-throated Flycatcher Myiarchus cinerascens ATFL I

Pacific-slope Flycatcher Empidonax difficilis PSFL I

Western Kingbird Tyrannus verticalis WEKI I

White-breasted Nuthatch Sitta carolinensis WBNU I

Warbling Vireo Vireo gilvus WAVI I

Hutton's Vireo Vireo huttoni HUVI I

Cassin's Vireo Vireo cassinii CAVI I

American Crow Corvus brachyrhynchos AMCR O

Oak Titmouse Baeolophus inornatus OATI I (En)

Bushtit Psaltriparus minimus BUSH I

Bewick's Wren Thryomanes bewickii BEWR I

House Wren Troglodytes aedon HOWR I

Western Bluebird Sialia mexicana WEBL I

European Starling Sturnus vulgaris EUST O (Ex)

American Robin Turdus migratorius AMRO O

Western Wood-Pewee Contopus sordidulus WEWP I

House Finch Carpodacus mexicanus HOFI G

Lesser Goldfinch Spinus psaltria LEGO G

Orange-crowned Warbler Vermivora celata OCWA I

Bullock's Oriole Icterus bullockii  BUOR I

California Towhee Pipilo crissalis CALT G

Spotted Towhee Pipilo maculatus SPTO G

Chipping Sparrow Spizella passerina CHSP G

Dark-eyed Junco Junco hyemalis DEJU G
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Figure 2. Bird families and number of species per family presented in both study areas. 

 

 

Figure 3.  Relative abundance of species by dietary group from both study sites. A) Chile:  

Insectivores = 9 species, Omnivores = 4 species, Granivores = 8 species, Endemics = 5 species; 

B) California: Insectivores = 17 species, Omnivores = 4 species, Granivores = 8 species, Endemics 

= 2 species. Endemics species were part of other dietary groups (See Table 2) in both regions. 
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The vineyard proportion at the landscape scale significantly affected the relative abundance of 

45% of species in Chile and 70% of species in California (Figure 4, Table 3). In both regions, 

several species were significantly positively influenced by increased amounts of agricultural lands, 

and may in fact benefit from access to agricultural land, and hence are considered agricultural 

adaptors here. In Chile, six species were positively influenced by vineyards (three granivores, two 

omnivores and one insectivore), while four species were negatively influenced by vineyards (two 

omnivores and two insectivores). In California, 13 species were positively influenced by vineyards 

(six insectivores, three omnivores, four granivores) and eight species were negatively influenced 

by vineyard proportion (five insectivores, one omnivore, one granivore, and one nectarivore). 

Endemic species in Chile were significantly affected by vineyards (Moustached Turca, Chilean 

Mockingbird, and Dusky-tailed Canastero) but not in California (Table 2).The remaining species 

in both regions did not show a significant relationship with vineyards (Table 3).  

 

 

 

 
Figure 4. Vineyard proportion effect on species in Chile (a) and California (b). Only significant 

results are shown (p<0.05).  
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Table 2. Results of the ZIP N-mixture models by species and coefficient estimates for (a) Chile 

and (b) California listed in taxonomic order. Bird response as considered significantly related to a 

covariate when the range of the 95% model-averaged confidence interval did not contain zero. 

Significant values are in bold.  

 

a)                                                                    b) 

     

 

 

 

 

 

 

 JSDM results showed stronger interactions (pairwise coefficient considering all correlation 

values) between species when the variation explained by vineyard proportion was accounted for 

in both regions (Figure 5 b, d). In Chile, a comparison between the strongest species co-occurrence 

relationships revealed by the JSDM with (Figure 5b) and without (Figure 5a) accounting for 

environmental variables showed that few co-occurrences remained constant (e.g. Chimango 

caracara and House Wren). Similarly, in California, the comparison between the strongest species 

co-occurrence showed that a few relationships remained constant (e.g. Lesser Goldfinch and 

House Finch) (Figure 5 b, c). 

Common name Vineyards SE R-squared

California quail -0.03 0.10 0.03

Eared Dove 0.08 0.13 0.20

Picui Ground Dove -0.28 0.28 0.11

Chilean Flicker  -0.02 0.14 0.07

Chimango Caracara 0.59 0.17 0.29

Moustached Turca -0.16 0.15 0.04

White-throated Tapaculo -0.30 0.49 0.02

Dusky Tapaculo -0.12 0.23 0.05

Plain-mantled Tit-Spinetail  -0.02 0.15 0.00

Dusky-tailed Canastero -0.19 0.12 0.06

White-crested Elaenia  -0.08 0.14 0.04

Tufted Tit-Tyrant -0.08 0.10 0.21

House Wren 0.36 0.13 0.18

Austral Thrush 0.04 0.11 0.04

Chilean Mockingbird -0.48 0.15 0.22

Grassland Yellow-Finch  0.42 0.09 0.60

Mourning sierra-finch 1.01 0.29 0.52

Common diuca finch -0.10 0.10 0.04

Rufous-collared Sparrow 0.80 0.17 0.43

Austral blackbird -0.39 0.10 0.32

Long-tailed medowlark 0.31 0.22 0.25

Black-chined siskin -0.08 0.23 0.01

Common name Vineyards SE R-squared

California Quail -0.15 0.21 0.01

Mourning Dove -0.06 0.12 0.07

Anna's Hummingbird -0.15 0.10 0.24

Acorn Woodpecker -0.12 0.06 0.09

Nuttall's Woodpecker 0.06 0.10 0.10

Northern Flicker 0.30 0.17 0.13

Ash-throated Flycatcher 0.01 0.10 0.01

Pacific-slope Flycatcher -0.06 0.15 0.09

Western Kingbird 0.49 0.28 0.05

Western Wood-Pewee 0.21 0.09 0.06

Warbling Vireo 0.19 0.13 0.03

Hutton's Vireo -0.27 0.12 0.08

Cassin's Vireo 0.12 0.16 0.01

American Crow 0.21 0.15 0.09

Oak Titmouse 0.01 0.03 0.16

Bushtit 0.04 0.06 0.07

Bewick's Wren -0.56 0.14 0.16

House Wren -0.41 0.21 0.08

White-breasted Nuthatch -0.09 0.08 0.31

European Starling 0.61 0.14 0.30

American Robin 0.32 0.14 0.06

Western Bluebird 0.39 0.17 0.13

House Finch 0.52 0.12 0.28

Lesser Goldfinch 0.24 0.05 0.28

Orange-crowned Warbler -0.40 0.11 0.12

Bullock's Oriole 0.72 0.20 0.20

California Towhee 0.18 0.09 0.04

Spotted Towhee -0.40 0.09 0.25

Chipping Sparrow 0.37 0.11 0.15

Dark-eyed Junco -0.04 0.05 0.13
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 In both study regions, the species that were favored by vineyard proportion (Figure 5) were 

involved in the majority of the negative correlations between the other bird species detected in 

natural habitat (Figure 5 b, d). These same species favored by vineyard (Table 1) were positively 

correlated to each other when I took variation explained by vineyard extent into consideration 

(Figure 5 b, d). 

 

Results of pairwise species co-occurrence in Chile and California were analyzed. The highest 

percentage of agricultural adapter pairs positively co-occurred with each other more frequently 

than expected and shared habitat preference and/or positively interacted, suggesting habitat 

filtering in both study regions. This positive co-occurrence was higher in California (86%) than in 

Chile (67%) (Figure 6, Table 3 quadrant I). In terms of the relationship between agricultural 

adapters and Matorral birds in Chile, the highest percentage of pairs co-occurred more frequently 

than expected but did not share habitat preferences (Figure 6, Table 3 quadrant II). In California, 

the highest percentage of pairs of agricultural adapters and oak woodland birds co-occurred less 

frequently than expected and did not share habitat preference and/or negatively interacted (Figure 

6, Table 3 quadrant III), although 35% shared habitat preferences and /or positively interact. 

Matorral bird pairs in Chile and oak woodland bird pairs in California showed similar responses 

(Figure 6, Table 3). 
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Figure 5.  Network diagrams showing interactions when vineyard proportionnot accounted for (left 

panels) and interaction when vineyards accounted for (b and d) between species in Chile (top) and 

California (bottom). Blue lines represent positive correlations and red lines represent negative 

correlations at Rs > 0.35 and Rs >  0.70, respectively. Correlations at Rs smaller than 0.35 and 

0.70 repectively were omitted in the figure for better visualization. Line thickness represent 

correlation strength. Yellow species correspond to agricultural adapter birds, and green species 

correspond to other birds. For species acronyms see Table 2. 
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Figure 6. Modeled environmental and residual correlations between pairs of all bird species  

averaged across all survey locations for Chile (a) and California (b). Any pairs containing birds 

that have a the agricultural adapters- agricultural adapters, agricultural adapter-Matorral/Oak 

woodland bird, and matorral-matorral/ oak woodland oak woodland birds pairs are showed with 

yellow circles, red triangles and green squared respectively. For species acronyms see Table 2 
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Figure 6. (continued) 
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Table 3. Summary of species pair associations in Figure 6 in a) Chile b) California. Quadrant I = 

upper right, quadrant II = upper left, quadrant III = bottom left, quadrant IV = bottom right. 

Quadrant I species pairs that occur more than expected and share habitat preferences or positively 

interact. Quadrant II species pairs that occur more than expected and do not have habitat 

preferences. Quadrant III species pairs that occur less than expected and do not have habitat 

preferences or negative interact. Quadrant IV species pairs that occur less than expected and have 

habitat preferences.  

 

 

Discussion and Conclusions 

  

This study was conducted in native vegetation near vineyards rather than within vineyards, 

yet increasing vineyard proportion favored abundance of agricultural adapters even in native 

vegetation. I found that vineyards landscapes strongly influence composition of bird communities 

in Chile and California (Figure 4). Vineyards significantly affected almost half of the birds studied 

in Chile and the majority of the birds studied in California (Table 2). In both study areas, granivores 

tended to be positively associated with higher vineyard proportion. Open habitat species such as 

the majority of the birds classified as agricultural adapter in this study corresponded to species 

commonly found in other agroecosystems and urban areas (Jedlicka et al. 2011, 2014; Silva et al. 

2015; Muñoz-Sáez et al. 2017). Alternatively, it has been showed in a comparative study that 

vegetation density is higher at lower vertical strata in Chile (herbs and other annual plants) than in 

California, and the bird density in their foraging heights average (birds foraging on plants’ height) 

is higher in California (1.2 - 5.1 m) than in Chile (0.4 - 2.1 m), consequently vegetation density 

influence birds feeding behavior (Cody & Mooney 1978). This suggest that species in Chile could 

be more adapted to vineyards because due its similarities between vineyards and Chilean matorral 

(vines are mainly training in rows in a spur pruning system of 0.9 m from soil) and generally weeds 

that cover soils inter-row space, explaining partially that less species were influenced by vineyards 

in Chile.  

  

Results of the co-occurrence analysis suggested that in both regions vineyards act as 

“filters” of a subset of agricultural adapter species capable of using agroecosystem resources 

(Figure 6, Table 3). Vineyards influenced community structure in both study areas not only by 

favoring a subset of agricultural adapter species but also by changing interactions between species 

positively influenced by vineyards and other bird associated with native vegetation (Figure 5 b, d). 

This pattern is stronger in California than in Chile, but it is not clear wether this is due to intrinsic 

I II III IV

a) Agricultural adapters-Agricultural adapters 67% 27% 6% 0%

Agricultural adapters-Matorral birds 30% 33% 20% 17%

Matorral birds-Matorral birds 30% 20% 30% 20%

b) Agricultural adapters-Agricultural adapters 86% 0% 0% 14%

Agricultural adapters-Oak woodland birds 35% 27% 36% 2%

Oak woodland birds-Oak woodland birds 26% 21% 32% 21%

Quadrant
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differences between study regions.  Fewer natural areas sites were included from Chile, however, 

there is no reason to belive this would bias the results in one direction.   

 

The results suggest that indirect interactions could impact conservation efforts in 

ecosystems that were surrounding by agroecosystems in two ways --  increasing abundance 

agricultural adapted species and promote negative interactions between agricultural adaptors and 

the rest of bird communities. Negative species interactions are difficult to predict (Estes et al. 

2013) and could be due by different aggressive displays (Olsen et al. 2008), parasitism (Wilcove 

1985), competition for resources. The degree of percolation of agricultural adapters from crop 

fields into wildlands may depend on their abundance within agroecosystems and interaction 

between species. Changes in the relative abundance of species can also generate cascading effects 

and changes in the ecosystem resilience (Estes et al. 2011; Dirzo et al. 2014). Potential detrimental 

consequences could be greater than accounted for in our study if taking into account rare species 

(which that were hard to detect, and had to be excluded from this analysis). For example, it is likely 

that the patterns observed for Chilean endemics birds reflect patterns of other native rhinocryptids.  

 

Vineyards and wine production areas are important economic drivers across Mediterranean 

type ecosystems (Viers et al. 2013; Steel et al. 2017), and will likely continue to be. The influence 

of vineyards on surrounding natural area should be considered in land conservation planning and 

in informing discussion and quantification of the enivornmental impact of agricultural lands 

worldwide.   
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Conclusion 
 

This dissertation presents strong evidence of the influence of agroecosystems on bird 

communities. The results provide guidance for agronomists, ecologists, and environmental 

practitioners working to conserve wildlife within agroecosystems and assess the impact of 

agriculture in native wildlife communities.  

 

The literature review (Chapter One) concluded that agricultural intensification is one of the 

main drivers of biodiversity loss and biotic homogenization according the studies synthesized. 

However, agroecological practices can help to promote biodiversity within agroecosystems 

through practices that promote structural heterogeneity within field (trees, hedgerows, ponds, 

among others), as can organic management and supplementary habitats (e.g. bird boxes) (Jedlicka 

et al. 2011; Kremen et al. 2012). Birds play a beneficial role as biological control of arthropods 

(Sekercioglu 2012; Maas et al. 2016). Future research should prioritize understudied areas, 

particularly in the global south. Beyond research, collaboration between farmers and conservation 

practitioners can help resolve practical challenges for conservation and food production (Altieri & 

Toledo 2011). With regard to the land sharing-land sparing debate, this review found that land 

sharing approaches (wildlife friendly farming) had more consistently beneficial results, 

considering externalities of intensive agriculture. However, this conclusion should be tested via 

meta-analysis using the database compiled in this review and other to provide quantitative insights 

related with bird conservation in agroecosystems.  

 

Chapter Two utilized a natural experiment to evaluate vineyard influence on California oak 

woodland bird communities. Results of the multi-year, multi-scale analysis showed that vineyards 

and shrubs, different habitat types at landscape scale, and shrubs and woody plant richness at plot 

scale significantly influenced most of the bird community. Nine species were classified as 

agricultural adapters due to their positive relationship with vineyards. These species corresponded 

to common species found in open habitats. Interestingly, Joint Species Distribution Model (JSDM) 

analysis showed that agricultural adapters co-occur more frequently than was expected and interact 

negatively with other oak woodland species. This suggests a dual mechanism of vineyard influence 

on bird communities: firstly, a direct influence of increasing vineyard proportion in the 

surrounding landscape, and secondly, an indirect promotion by vineyards of negative interaction 

between agricultural adapters and oak woodland birds. The second mechanism of interaction 

(indirect) is still a gap in behavioral knowledge that could be elucidated with future research. With 

regard to bird conservation, our results suggest that fragments of oak woodland with surrounded 

by landscape with lower vineyard proportion will have less influence of the agricultural adapters. 

However, this analysis (Chapter Two) did not account for bird abundance within vineyards to 

strengthen classification of birds as agricultural adapters, although it is likely that results would be 

consistent with our current classification (Jedlicka et al. 2011, 2014).  

 

Field research in and around vineyards of central Chile evaluated the influence of 

fragments at plot scale and surrounding native vegetation at landscape scale on the abundance of 

birds (Chapter Three). The study was designed along a gradient of surrounding native vegetation 

in multiple years. The results showed that fragments as well as surrounding native vegetation play 

a significant role in the conservation of birds within vineyards in terms of abundance and richness. 
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Only six species were negatively related with fragments and/or surrounding native vegetation.  

These results suggest that preserving and restoring forest fragments around and within vineyards 

is a great value to conserve birds in agricultural landscapes, although proportion of native 

vegetation at landscape scale also provide a significant positive influence (Barbaro et al. 2012; 

Viers et al. 2013). This study did not disentangle agricultural management as a covariate with bird 

abundance, and future research should be conducted to evaluate if organic versus conventional 

management plays a role in shaping bird communities (Tuck et al. 2014).  

 

Chapter Four compares the influence of vineyards in both studied areas. Both studies were 

conducted in wildlands at a distance greater than 250 m from vineyards, along a gradient of 

increasing vineyard influence (measured as a proportion within a 1000 meter radius circular plot 

around bird survey stations). Analysis of the Chilean site provided further evidence of the pattern 

shown in Chapter 2 in California. A subset of species were positively affected by the vineyard 

proportion and these species tended to interact negatively with other birds, suggesting habitat 

filtering and negative interactions. Results for California were stronger that in Chile in terms of 

species correlation, although endemic species were negatively impacted by vineyards in Chile but 

not in California.  

 

Results from field research in Chile and in California indicate some patterns for 

Mediterranean type ecosystems. In Chile, fragments of forest at plot scale can effectively increase 

bird abundance and richness. In both areas, surrounding native vegetation (inverse of the 

proportion of vineyards) promotes conservation of bird communities less affected by agricultural 

adapters species. This evidence supports the conservation value of large patches of native 

vegetation in conservation management. Neither in Chile or California did we consider agricultural 

management (conventional, organic or biodynamic) in the models (Tuck et al. 2014), which 

prevented inference related to agricultural production practices and should be accounted for in 

future research. Finally, these results emphasize the importance of vineyards as drivers of bird 

community composition in Chile and California. Future land conservation planning under future 

scenarios of climate change and land use change should account for these advances in knowledge. 

In both study regions, natural ecosystems are under higher pressure by urban expansion, climatic 

hazards (e.g. wildfires, which differ by role in natural ecosystems between study regions), 

fragmentation, and decreasing landscape connectivity.  Vineyards, if managed properly, can help 

promote conservation of Mediterranean type ecosystems.   
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