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Objectives

1. Define important bird species providing 
ecosystem services and disservices in apple 
orchards

2. Quantify the rate and magnitude of services 
and disservices over time

3. Identify visual cues associated with fruit 
depredation

4. Quantify benefits and costs of maintaining 
birds in orchards
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Map courtesy of USDA Census of Agriculture

Site Selection

Data from National Agricultural Statistics Service 2015

Criteria for site selection

1. Sufficient fruit, bird and insect presence

2. Minimal use of bird control techniques 
and pesticides

3. Producer willingness to participate



Field Methods

• Transects 

• Mist-nets

• Behavioral observations

• Exclosures and paired controls



Farmers

Organic Farmers



Collaborators



First Fruits Organic Farms

Images courtesy of S. Werner, S. Bombaci and First Fruits Organic Farms Facebook



Mesa Winds Farm and Winery

Images courtesy of www.mesawinds.com



White Buffalo Farm

Image courtesy of www.whitebuffalofarm.org



National Wildlife Research Center & 
Arkion® Life Sciences

NWRC Mission

Apply scientific expertise to resolve human-wildlife conflicts while maintaining the 
quality of the environment shared with wildlife

Arkion® Life Sciences Mission

To discover, develop and successfully market innovative products in the animal and 
human food industry, that enhances the quality of life. We also want to build a 
reputation for being creative and employing cutting edge technologies for developing 
bioactive products.



Preliminary Results
Species 

Code Apples Insects
Total 

Detections
EUST 1 3 57
LEWO 1 6
HOFI * 1 227
PIJA * 20
AMRO 83 32
BRBL 25 10
BCHU 18 73
CHSP 16 11
LAZB 16 10
RCKI 12
BLGR 2 1
WEKI 1 9
CORA 1 1
DEJU 1
BARS * 14
CONI *
VGSW *

Species 
Code Apples Insects

Total 
Detections

MODO 33
AMGO 22
WEME 20
AMKE 13
LEGO 13
CEDW 12
EUCD 11
BUOR 8
WEWP 7
BBMA 6
YWAR 6
BHCO 5
TUVU 4
YRWA 4
AMCR 3
NOFL 3
BAWW 1
BTHU 1
DOWO 1
HAWO 1
KILL 1
RBNU 1
RTHA 1
RWBL 1
WESJ 1



Images courtesy of S. Bombaci, K. LaBlanc, M. Novak and S. Werner
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Mist-Netting Results
Species Code Fecal Samples
AMGO 3

AMRO 17

BARS 1
BCHU 5
BHCO 5
BHGR 2
BRBL 1
BUOR 8
CHSP 6

DUFL 1
GRCA 1
GTTO 1
HOFI 9

LAZB 1

LEGO 4
RCKI 1
RNSA 2
RWBL 1
SOSP 1

WAVI 3
WEWP 1
YWAR 6



Exclosure Experiment Results
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Exclosure Experiment Results



What can I offer collaborators?



Challenges and Opportunities

Images from The National Science Foundation, The Salt Lake Tribune and The Research Ambassador Program



Hands-On!



Moving Forward

• More data collection & analysis

• DNA analysis of fecal samples 

• UV changes in fruits

• Feeding preference behavior

• Economic evaluation of management 
scenarios
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Thank You!

@AnnaMMangan

Email: Anna.Mangan@colostate.edu


