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Mission: 
Fund the science, find solutions 

and fuel the change

Purpose: 
Providing the science to support produce safety



CO-MANAGEMENT RESEARCH
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Funding wildlife and co-management research since 2009

• First Project
• 2009 - Wildlife survey for E. coli O157:H7 in the central coastal 

counties of California –Andrew Gordus, California Department 
of Fish and Game

• 2020 CPS Symposium – Two final reports

• Engineering and ecological approaches reduce Pacific tree 
frog intrusion into leafy green agriculture. Michele Green, 
University of South Florida St. Petersburg

• Use of raptors to prevent wild bird and rodent intrusion into 
fresh produce fields. Paula Rivadeneira, Univ. of Arizona



Speakers
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Michele Jay-Russell, Ph.D., DVM, MPVM, Dipl. ACVPM 
Research Microbiologist & Manager, 

Western Center for Food Safety, UC Davis

Alan Franklin, Ph.D. 
Supervisory Research Biologist, and Project Leader, 

Wildlife Pathogens and Food Security & Safety Project, 
USDA/APHIS/WS National Wildlife Research Center

Bonnie Fernandez-Fenaroli
Executive Director, Center for Produce Safety



SPEAKER
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Michele Jay-Russell, Ph.D., DVM, MPVM, 
Dipl. ACVPM 
Research Microbiologist & Manager, 
Western Center for Food Safety, UC Davis



Background
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•Domestic and wild animals are 
potential reservoirs of enteric 
zoonotic human pathogens, and may 
contribute to disease transmission 
through:

• Ingestion of undercooked game 
meat 
•Fecal contamination of  the food 
supply or water sources
•Direct contact (fecal-oral 
transmission)



Produce Food Safety
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•Raw and minimally processed  (e.g., 
fresh-cut bagged salads) have no kill 
step

•Many enteric zoonotic pathogens 
have a low infectious dose

•Potential for pathogen attachment 
and internalization in to edible parts 
of the plant

•Risk for amplification cross-
contamination between the field and 
the consumer (“fork”)



Background
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CENTER FOR PRODUCE SAFETY FUNDED STUDIES
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Investigation of potential reservoirs of shiga toxin-
producing E. coli and Salmonella in produce production 

areas of Arizona and Mexico. (Rapid response)
2010 – 2011
PI: M. Jay-Russell
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• Phase 1 project to examine the importance of animal 
reservoirs in the transfer of zoonotic enteric pathogens to 
fresh produce in the desert southwest. Rapid response: 2010 
to a lettuce-related outbreak of Escherichia coli O145 
infections.

• Focus on frequent stray dog and coyote sightings near 
produce fields along the U.S.-Mexico border growing region. 



Conclusions
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• Findings suggested that stray 
dogs and coyotes in the desert 
southwest are not significant 
reservoirs of STEC.

• In contrast, Salmonella was 
prevalent in these shelter dog 
and coyote populations. We 
speculate that the high rates of 
Salmonella recovery from stray 
dogs and coyotes may be due to 
their hunting and scavenging 
behavior.  



Reducing the risk for transfer of zoonotic foodborne 
pathogens from domestic and wild animal to vegetable 

crops in the southwest desert
2013 – 2014

PI: M. Jay-Russell; Co-PI: A. Justice-Allen; Postdoc: P. Rivadeneira
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• Phase 2 project to examine wildlife reservoirs

• Desert fauna including wild rodents, birds, and javelina may 
serve as reservoirs of Salmonella and non-O157 STEC, but do 
not appear to be significant sources of E. coli O157.

• Cattle and feral swine fecal material more likely to contain E. 
coli O157:H7 compared with small mammals and avian species.



Methods
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Conclusions
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• Due to small home range, it is unlikely that rodents travel from 
CAFOs to produce fields if the distance between the two is further 
than 0.5 ha (~100 foot radius), or if there are substantial barriers 
between the two, such as a canal or major roadway. 

• Birds travelled regularly between CAFOs and distant sites (>400 
feet), sometimes on a daily basis, and their flight paths sometimes 
take them directly over produce fields. 

• Future studies: focus on specific attractants that cause rodents, 
birds to enter produce fields (e.g., irrigation, harvest, etc.); target 
bird control resources to these higher risk activities and periods of 
higher seasonal prevalence; WGS of strain collection.



Evaluation of amphibians and reptiles as potential 
reservoirs of foodborne pathogens and risk reduction to 

protect fresh produce and the environment
2011

PI: M. Jay-Russell; Co-Pis: X. Li, R. Atwill, R. Mandrell
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• Study indicated that common wild amphibian and reptile species 
in the central California coast and southeastern Georgia may 
shed Salmonella, but E. coli O157 and other STEC strains are rare

•Potential risk by migration into fields for feeding or breeding
•Possible source of Salmonella in surface water (ponds)



Methods

17



Rapid tests to specifically differentiate clinically 
significant from environmental STEC towards reducing 

unnecessary crop destruction
2015 – 2016

PI: T. Suslow; Co-PI: M. Jay-Russell; Postdoc: Nora Navarro-Gonzalez

18

• Repeated cross-sectional year-long study sampling wild birds for foodborne 
pathogens within agricultural lands in Northern California.

• Findings: Overall low prevalence of Salmonella (0.34%) and STEC (0.50%), but 
pathogens of public health importance were identified in fecal samples 
(Salmonella Newport, E. coli O157:H7, STEC O103 and O26) and 2 birds 
carried STEC on their feet or feathers. 



Upcoming Publication 
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• Green heron captured in riparian habitat adjacent 
to lettuce fields, Salinas Valley, CA.

• Wading bird and other solitary species posed 
minimal microbial food safety risks to human 
crops. In contrast, virulent strains of STEC and 
Salmonella cultured from flocking birds such as 
blackbirds, sparrows, and geese. 

• Even low prevalence can represent risk if the birds 
aggregate in large groups, or produce copious 
amounts of fecal material. 

• Study supports the existing agricultural industry 
practice of having trained harvest operation scouts 
walking ahead of mechanized harvest machines to 
monitor for visual contamination.



Evaluation of falconry as an economically viable co-
management strategy to deter nuisance birds in leafy 

green fields (Proof of Concept)
2015

PI: M. Jay-Russell; Co-PI: Trevor Suslow; Postdoc: Nora Navarro-Gonzalez
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• Bird activity in adjacent land is important 
in the control of nuisance birds.

• Falconry can reduce the use of fields by 
birds in days of high bird pressure/ 
activity.

• Use of falconry is related to lower fecal 
contamination in lettuce, probably 
because of less time spent on the field by 
birds.



Take Home Messages

21

• There is a real risk of wildlife being a source of fecal-borne 
human pathogens in the produce production environment

• BUT, contamination of fresh produce by wildlife leading to 
human illnesses and outbreaks is a Low-Probability High-
Consequence Event (LPHC)

• LPHC: characterized by their unpredictability and rarity, 
which can hamper the ability to completely understand 
underlying causes and manage future risks

• Food safety risks from wildlife can be co-managed with 
conservation goals by addressing hazards on a species/taxa-
specific, site-by-site basis including population density



Surveillance by Camera Trap

https://www.youtube.com/watch?v=efncy8G7_wg&feature=youtu.be

Source: Emu Logic



Your commitment to food safety 
is appreciated. 

Thank you. 
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SPEAKER
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Alan Franklin, Ph.D. 
Supervisory Research Biologist, and 
Project Leader, Wildlife Pathogens and 
Food Security & Safety Project, 
USDA/APHIS/WS National Wildlife 
Research Center



25

Keeping Wildlife Out of Your Food:
Strategies to Reduce Transmission of Food-borne Pathogens

Alan B. Franklin
USDA National Wildlife Research Center

Fort Collins, Colorado



Outline
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1. Background
2. General Approach
3. Identifying the Problem

• Target Species
4. Assessing the Risk

• Wildlife Visitation
• Agricultural Landscapes

5. Tools and Methods
6. Developing an Overall Strategy

• Adaptive Management
7. Conclusions



Background
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 ~70% of the nation’s wildlife habitat is on private lands
 Farm Bill Conservation Programs:

– Environmental Quality Incentives Program (EQIP)
– Conservation Stewardship Program (CSP)
– Agricultural Conservation Easement Program (ACEP)
– Regional Conservation Partnership Program (RCPP)
– Voluntary Public Access and Habitat Incentive Program (VPA-HIP)
– Conservation Reserve Program (CRP)

 Agricultural operations encouraged to maintain wildlife habitat



Background
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• Wildlife now viewed as a contamination problem 

• Agricultural producers pressured to minimize wildlife intrusion
• Removing surrounding non-crop vegetation.
• Not harvesting produce which is in contact with wildlife feces. 



General Approach
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Assess the 
Risk

Develop 
Strategy

Implement 
Methods

Test 
Methods

Identify 
the 

Problem



Identifying the Problem – Target Species
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Salmonella

• 43 studies
• 23,469 samples
• 10 Families (Avian)
• 10 Families (Mammalian)
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Identifying the Problem – Target Species
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STEC O157

• 29 studies
• 13,646 samples
• 7 Families (Avian)
• 12 Families (Mammalian)
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Identifying the Problem – Host Type
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Bridge Hosts

spillover

spillback

spillover

spillback

Maintenance (Reservoir) Hosts



Assessing the Risk
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1. What is the extent of the problem?
• Prevalence in wildlife ≠ food contamination
• Multiple steps involved

2. Are wildlife bridge or maintenance hosts?
• If bridge hosts what are the ultimate sources?



Assessing the Risk – Prevalence vs Abundance
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Abundance & Visitation Rates Matter (Numbers Game)

Carlson et al. 2011 J Appl Ecol



Assessing the Risk – Agricultural Landscapes
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Different areas with similar landscapes may have different 
problems

San Luis Valley, Colorado Salinas Valley, California

Arrows:
Blue = public lands
Green = riparian systems
Brown = wildlife refuges

12,440 km2 8,500 km2



Assessing the Risk – Agricultural Landscapes
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• No evidence of contamination in lettuce fields by 3 
pathogens

San Luis Valley, Colorado



Assessing the Risk – Agricultural Landscapes
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Different agricultural 
setting

Different growing 
environment



Assessing the Risk – Agricultural Landscapes
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Hypothesis:  Risk of contamination by wildlife partly 
depends on the agricultural setting 



Assessing the Risk – Agricultural Landscapes
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LEGEND

Livestock Facilities

Dairies

Crop Fields

Wildlife Areas

Urban Areas

Feedlot

Irrigation Canal

River

Wildlife Habitat



Assessing the Risk – Sources
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Evidence for wildlife contributions from ultimate sources

Livestock

Carlson et al. 2011 J Anim Ecol

Urban

Franklin et al. 2013 PLoS ONE



Tools and Methods
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• Lethal Control
• Habitat Removal
• Barriers
• Repellants



Tools & Methods – Lethal Control
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Why lethal control does not always work at scale of agricultural 
facility

Within wildlife source population Near wildlife source population

Dolbeer & Franklin 2013 Chap 7 in Wildlife management in airport environments



Tools & Methods – Habitat Removal
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Does habitat removal really solve the problem?
• Pathogen prevalence increased most on farms where non-crop 

vegetation was removed
• No evidence that wildlife in natural vegetation had increased 

enterohemorrhagic E. coli (EHEC) prevalence

Karp et al 2015 Proc Natl Acad Sci



Tools & Methods – Habitat Removal
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Birds on lettuce crop fields
• Greater abundance further from wildlife habitat



Tools & Methods – Barriers
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Dogs & cattle feedDogs & organic vegetable crops

Guard Dogs



Tools & Methods – Barriers
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Sonic Nets

Swaddle et al. 2016. Ecological Applications 26:339-345.

• Emits directional noise

• Disrupts avian flocking 
vocalizations

• 50-80% reduction in bird use

• No evidence of habituation



Developing an Overall Strategy
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• Structured, iterative process of robust decision-making 
• In the face of uncertainty, 
• Reduces uncertainty over time via system monitoring.

• Originally developed for natural resource management



Developing an Overall Strategy
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Franklin & VerCauteren. 2016. Pp 183-199 in Food Safety Risks from Wildlife.

Adaptive Management



Developing an Overall Strategy
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Bayesian Formulation

Adaptive Management



Conclusions
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• The role of wildlife as bridge and maintenance hosts of 
pathogenic food-borne bacteria is still poorly understood

• Extent of the problem is poorly understood
• Need to narrow down to more generalizations

• Is a complex, multi-disciplinary problem
• Ecologists, Microbiologists, Modelers, Epidemiologists, Veterinarians



Conclusions
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• Adaptive management approach is recommended for a number 
of reasons:

• Objective and rigorous
• Scientifically defensible
• Flexible for balancing competing objectives

• Suggestions for implementation of adaptive management 
• Form localized coalitions to share resources in developing strategic 

approach
• One size probably does not fit all

• Consider multiple tools/methods for mitigating wildlife intrusion
• Include quantitative expertise (e.g., statisticians)

• Partner with university, state, and federal scientists familiar with 
adaptive management



Systems Approach
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Bonnie Fernandez-Fenaroli
Executive Director
Center for Produce Safety



www.centerforproducesafety.org
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https://www.centerforproducesafety.org/grant_opportunities_awards.php


2020  CPS Research Symposium
La Jolla, California | June 23 – 24, 2020



QUESTIONS? 
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Your commitment 
to food safety 
is appreciated. 

Thank you. 
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Alan Franklin - alan.b.franklin@usda.gov
Michele Jay-Russell - mjay@ucdavis.edu
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