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Dynamic network models

Node (Vertex)

Link (Edge)

Link weight: Level of interaction between the pair of 
nodes

Dynamic nature: Link weights change over time



Infinite possibilities 
for network model structures

• Nodes could be
• Locations in spatial networks 

(counties, fields, plants, leaves, cells, 
organelles, microbes, …)

• Entities
• Individual people
• Species (perhaps in food webs or the 

phytobiome)
• Genes
• Molecules

• Links could be
• Strength or likelihood of influence, 

triggering, information flow, …
• Dependent on environmental 

variables



Traits of network nodes
• In a socioeconomic network, nodes are people or 

human institutions (managers/farmers, 
extension agents, scientists, …)

• In a biophysical network, nodes are geographic 
locations (individual plants, farms, storage 
facilities, wildlands, …)

• Degree centrality – number of links

• Closeness centrality – measure of how readily 
other nodes can be reached

• Betweenness centrality – importance as a bridge 
between other nodes

• Centrality of neighbors – importance in terms of 
importance of neighbors
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Ravin Poudel

Phytopathology 2016

Microbiome systems analysis can 
mobilize high-throughput 
sequencing to inform strategies for 
making the most of microbiomes

[open access link]

http://apsjournals.apsnet.org/doi/abs/10.1094/PHYTO-02-16-0058-FI


No reportados en papaya (Chiapas)
Reportados en papaya (Chiapas)
Nuevos reportes en papaya (Chiapas)
Virus nuevos
Depresión Central 

Costa Pacífica Other sources of viruses in 
the system

Ricardo Alcalá Briseño

mSystems, publishing Jan 14



• Opening Pandora’s box with virome
analysis

Viromes and phytosanitary standards

Potato virome in Peru
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Effective altruism as an ethical lens on research priorities:

• K. A. Garrett, R. I. Alcalá-Briseño, K. F. Andersen, J. Brawner, R. A. 
Choudhury, E. Delaquis, J. Fayette, R. Poudel, D. Purves, J. Rothschild, 
I. M. Small, S. Thomas-Sharma, and Y. Xing

• Phytopathology





Garrett et al. 2020 Phytopathology



Private non-

durable resistance 

genes

Public durable 

resistance genes

Public non-durable 

resistance genes

Private durable 

resistance genes

Informal seed 

systems

Formal seed 

systems

Public data and 

models for disease 

management

Private data and 

models for disease 

management

Pesticides 

vulnerable 

to antibiotic 

resistance

Pesticides 

not 

vulnerable 

to antibiotic 

resistance

Regional microbiome

Regional pathogen meta-

communities

Consumption Access

Exclusive Non-exclusive

Rival

Private: e. g., food Common pool: e. g., air, water

Non-rival

Club/Toll:

e. g., private

schools

Public: e. g.,

sunshine

Garrett et al. 2020 Phytopathology

Avoiding the tragedy of the microbiome commons



WITH GREAT NODE DEGREE AND 
BETWEENNESS CENTRALITY 
COMES GREAT RESPONSIBILITY…
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Nodes: US counties
Links: measures of likelihood 
of pathogen movement based 
on host availability

[open access link]

Peg Margosian

https://academic.oup.com/bioscience/article/59/2/141/228297/Connectivity-of-the-American-Agricultural


Maize

Red = connected areas for 
pathogens that require at least 
low maize density to spread

Red = connected areas for 
pathogens that require high
maize density to spread



2012

Sweta
Sutrave

[open access link]

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0037793


Network of Countries Connected by Hurricanes

Caribbean
Countries

Central American
Countries

Greater Atlantic
Countries

Choudhury and Garrett

Robin Choudhury



Data: NOAA 2018

Aggregated Number of Storm Events

Choudhury and Garrett,
in revision

Robin Choudhury



John Hernandez Nopsa

2015



A network depicting both wheat movement (links) and production (nodes) 

in the United States in 2006–2010

John F. Hernandez Nopsa et al. BioScience 

2015;biosci.biv122

© The Author(s) 2015. Published by Oxford University Press on behalf of the American Institute 

of Biological Sciences.



A hypothetical scenario for a multilayer network 

in the stored-grain system 

© The Author(s) 2015. Published by Oxford University Press on behalf of the American Institute 

of Biological Sciences.

John F. Hernandez Nopsa et al. BioScience

2015;biosci.biv122
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2014



Impact Network Analysis (INA)

• The Garrett Lab is developing INA as a general platform for evaluating 
system management strategies (such as crop breeding networks, seed 
systems, and regional integrated pest and disease management)

• Impact OF research products such as information/training, disease 
resistance, and disease-free seed production technologies

• Impact ON spatial ecological processes, such as gene/genotype 
spread, pathogen invasions or ecosystem services more broadly

• Impact THROUGH communication and decision-making networks, 
and linked biophysical networks

Garrett 2018 PeerJ Preprints
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System over time

• Individuals in the socioeconomic network 
can influence what happens at individual 
locations in the biophysical network

• For example, 
• Farmers in the socioeconomic network make 

decisions about management (e.g., whether 
to buy good seed) influenced by their 
associates and prices

• The decision influences the likelihood of the 
spread of disease in the biophysical network

Garrett 2018



Realism Questions like:
How do changes in network traits, such as 
changes in mechanisms for interpersonal 
influence, affect system outcomes?

Precision Questions like: 
Which particular communication or 
land nodes are key control points for 
transmission through the landscape?

Generality Questions like:
How can a change in impact network 
components compensate for increased 
risk to maintain system sustainability?

Impact networks, broadly

Garrett 2018



Phytopathology 2017

Cassava breeding network

[open access link]

http://apsjournals.apsnet.org/doi/10.1094/PHYTO-03-17-0082-FI
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Can global crop 
breeding networks 
adapt to new disease 
challenges under global 
change?

Garrett et al 2017



Principles for supporting system resilience 
(adapted from Biggs et al. 2012)
• Diversity and redundancy

• Management of connectivity

• Management of feedbacks

• Fostering understanding of complex adaptive systems

• Broadening participation

• Promoting polycentric governance systems





Sara Thomas-Sharma



Thomas-Sharma et al. 2016



Epidemic network analysis for mitigation of 
invasive pathogens in seed systems: 

Potato in Ecuador

C. E. Buddenhagen*, J. F. Hernandez Nopsa*, K. F. 
Andersen, J. Andrade-Piedra, G. A. Forbes, P. 

Kromann, S. Thomas-Sharma, P. Useche, K. A. Garrett

Phytopathology 2017

[open access link]

http://apsjournals.apsnet.org/doi/10.1094/PHYTO-03-17-0108-FI


Potato production in 
Tungurahua Province, 
Ecuador

Photos: J Hernandez Nopsa

In this analysis, we have 
survey data for both 
potato transactions and 
sources of information 
for IPM



Scenario analysis indicating 
how effective monitoring of 
the spread of a pathogen 
would be at each node, 
based on location in 
network and IPM 
information sources

Buddenhagen, Hernandez Nopsa, et al. 2017



Modeling Epidemics in Seed 
Systems and Landscapes to 
Guide Management Strategies: 
The Case of Sweetpotato in Northern Uganda

Kelsey F Andersenabc, Chris E Buddenhagenabc, Paul Rachkarad, Richard Gibsone, 
Stephen Kaluled, David Phillipse, Karen A Garrettabc

aDepartment of Plant Pathology, UF, Gainesville, FL; 
bInstitute for Sustainable Food Systems, UF, Gainesville, FL;
cEmerging Pathogens Institute, UF, Gainesville, FL;
dDepartment of Rural Development and Agribusiness, Gulu University, Gulu, Uganda; 
eNatural Resource Institute, University of Greenwich, United Kingdom

Andersen et al. 2019 Phytopathology Kelsey Andersen



• Seller visited 2x/week

• 27 sellers, sold to farmers form 99 villages

• 878 unique transactions 
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Sweetpotato vine sellers were surveyed in 2014 in 
the Gulu Region of Northern Uganda

Photo Credit: Richard Gibson



• A second set of geo-spatially 
derived links were added to the 
network based on distance

• Links represent exchange 
between farmers of neighboring 
villages 

• This network was utilized in 
experiments to model disease 
spread in the region 
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Estimated village-to-village spread



Using network analysis we evaluated a set of 
questions in simulation experiments 

1. What are the optimum surveillance locations to detect disease spread, 
given equal likelihood of disease introduction at each node? 

2. Does the starting position of the epidemic influence epidemic progress 
and final outcome?

3. How much can disease spread be limited by implementing a quarantine?  

4. How do network statistics compare for their utility for selecting 
quarantine locations? 

Andersen et al 2019



Integrating data sources to evaluate 
risk of cassava mosaic disease: an 
emerging threat in Southeast Asia

K. F. Andersen, E. Delaquis, S. de Haan, Cu Thi Le Thuy, N. Minato, 

J. P. Legg, W. Cuellar, and K. A. Garrett 

Kelsey Andersen



Cassava mosaic disease (CMD)

ciat.cgiar.org

Cassava is a critical food and industrial crop in tropical 

countries

Cassava is grown on > 2.5 M acres in Southeast Asia, 

mostly by smallholder farmers, & acreage has rapidly 

expanded in the last 10 years

CMD has had major yield impacts for decades on 

cassava production in Africa and India

CMD is caused by cassava mosaic viruses 

ciat.cgiar.org

Vectored by whitefly (Bemisia tabaci)

Family Geminiviridae, genus Begomovirus

Andersen et al



In 2015, Sri 
Lankan cassava 
mosaic virus was 
first reported in 
Cambodia

Officially reported in seven 

provinces in Cambodia, and ten 

provinces in southern Vietnam.

Wang et al. 2018 (China)

Uke et al. 2018 (Vietnam)

Wang at al. 2015 (Cambodia)

Andersen et al



Cassava planting material is transported in 
large volumes across national borders

Delaquis et al. 2018

CIAT



Next steps / model improvement 

• Refine risk models with updated data, 
particularly for Lao PDR and Thailand

• Incorporate whitefly survey data into 
the model 

• Use high risk regions to inform risk-
based sampling and surveillance 
strategies conduced by CIAT and 
national ministries

Use model to 
recommend 

key sampling / 
surveillance 

locations 

Collect new 
data from 
the field

Iteratively 
improve 
model
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Thanks for your attention!
Thanks to all the    collaborators on our projects

Photo: Pete Garfinkel

Thanks to our funders

谢谢

karengarrett@ufl.edu
garrettlab.com

mailto:karengarrett@ufl.edu
http://www.garrettlab.com/




Management performance 
mapping: the value of 
information for regional 
prioritization of project 
interventions 
C. E. Buddenhagen, J. Andrade Piedra, G. 
A. Forbes, P. Kromann, I. Navarrete, S. 
Thomas-Sharma, Y. Xing, K. A. Garrett

bioRxiv 2018

Generation of maps of [seed health] 
management performance for 
donors/funders deciding on prioritization 
for investment, extension agents deciding 
on priorities, etc.

Chris BuddenhagenHigher and lower elevation areas in 
Ecuador and Colombia, with distinct 
effects of positive selection on yield



Management performance mapping for Ecuador and 
surroundings, with potato production indicated based 
on MapSpam estimates.  Pixels labelled above (green) 
and below (white) 2895 masl

Benefit of informed site selection: 7.7 t/ha
Benefit of random site selection: 6.5 t/ha

The potato cropland connectivity risk index (CCRI) 
estimated for Ecuador and southern Colombia, 
based on the mean from uncertainty quantification 

CCRI provides a regional criterion for site selection

Xing et al 2018 bioRxiv

Yanru Xing 


