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Our Motivations
• Maintaining resilient and sustainable agricultural watersheds 

requires diverse and interdisciplinary knowledge from the 
sciences 

• Farming and rural communities play a particularly important 
role in agro-ecosystem management

• 82% of watershed devoted to farming
• 63% covered with crop agriculture 
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Note that photos reflect some of our field experiences to learn about farmland in the Upper Reach of the Kaskaskia



Develop a baseline hydro-
ecologic model using SWAT

Understand the past to predict the future

Predict watershed response to
selected scenarios Fish richness 

model
Fish richness vs Environmental 

variables

We are part of a larger project entitled:
Enhancing agro-ecosystem services using 
integrated hydro-ecologic, socio-cultural, 

and decision analytic models
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Part 1: Baseline 
hydrologic model –
simulate historic values of 
environmental variables 
(e.g., streamflow, 
nutrient, and sediment)

Part 2: Land use change 
scenarios and future 
climate (e.g., 50 years of 
projection 2020-2070, 32 
climate models, 13 mgmt
scenarios)

Part 3: Predict changes 
in fish richness due to 
changes in climate and 
management

222 sites fish 
sampling 

sites
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Objective: Assess changes in biodiversity in terms of fish species richness under future climate and potential conservation land-management schemes

*The first step was to develop a baseline hydro-ecologic model using SWAT (1978-2017), to understand the past responses of the watershed. We used the Soil and Water Assessment Tool (SWAT) to simulate the spatio-temporal patterns of distinct variables, under the current climate and land use conditions that may serve as environmental predictors for fish species richness. For example, the mean, minimum, maximum, and standard deviation of streamflow, water temperature, and some indicators of water quality

*We then used the parameters of the baseline hydro-ecologic model to predict (2020-2070) the changes in the environmental variables to climate changes (32 kinds of climate models) and scenario-based land management options (13 options). The land management scenarios were based on social perception about watershed ecosystem services from social studies and technical reports (see slide #3).

*Using the baseline hydrologic model, we then determined the best fit regression model between the baseline environmental variables and fish richness sampled across the watershed. Once the best models were identified, we used them to reconstruct the time series of total and game-fish species richness for the baseline period (i.e., 1978 to 2017). The projected environmental variables were then used as inputs to the fish models to predict the percentage change of the number of species from the baseline in decadal frames from 2020 to 2070. NOTE: At this point, only environmental factors were used to predict fish richness. The biological factors were not considered yet but will be in the next iteration. 
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Highlights from agro-ecosystem modeling

Inevitable impacts if additional measures not taken to 
protect freshwater biodiversity

Small-size streams require priority strategies ~ highest 
decrease rates of fisheries biodiversity: -5%  to -10%  
per decade

Implementation of monitoring networks that 
generate relevant data for aquatic life

Effects of climate-driven changes of 
riparian forest on fish riverine habitat
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*The long-term impacts on fish species richness may be inevitable if the proposed land-management alternatives were not accompanied by additional measures specifically designed to protect aquatic life. Despite the assumptions that implementing best management practices to improve the quality of stream ecosystems that can benefit biodiversity, we found that the impacts of climate change can significantly undermine the effects of these practices.

*Small-size streams may require priority conservation strategies since they were found to experience the highest decrease rates in fish species richness

*Being the increasing temperatures the major threat for freshwater ecosystems, local environmental agencies and research institutions should consider the implementation of water-temperature monitoring networks that generate data relevant for assessing changes in stream and lake aquatic life

*Future studies could address the effects of climate-driven changes of riparian forest (e.g., reduction in biomass and canopy) on fish riverine habitat




Our Learning Process
• Residents have been engaged in research since 2017 to 

understand preferences for landscape change and build 
the capacity of rural communities in Illinois

• Organized our efforts around four phases of engagement:



Summary of Findings: Phase 1

• In-depth interviews conducted in 2017 (n = 22) to discuss 
the meanings of places and farmer perspectives on 
sustainable land practices in the face of change

• Narrative analysis revealed two framings that drive 
farmer decision-making:  efficiency and farm legacy



Narrative of Efficiency
• Orientation: Farming decisions driven by the “bottom line”

• “It comes down to profitability. [Farmers] are all trying to maximize their 
profits and minimize their costs. That’s the bottom line on it.” 

• Complication: Changes in markets, technology, and climate 
influence farmer decision-making for efficiency 

• “In profitable years you see [farmers] do things, more of those sustainable 
practices, when it gets leaner they kind of cut back. When you have $5 corn you 
can do a lot more than you can when it’s $3 corn.” 

• “They will bid up land. They need the volume and they will bid up the rent cost 
that most normal farmer they can’t match it because it doesn’t pencil out. The 
only way it pencils out is volume. That is what makes that work and that is why 
you see more of these bigger farms.”

• Resolution: Explore solutions to maximize efficiency
• “Corn on corn acres for several years because it was more profitable”



Narrative of Farm Legacy
• Orientation: Farming decisions driven by pride with viability of 

land and family farm
• “If a farm has been in the family for generations, they’re probably gonna be 

more likely to take care of it in one way or another, it’s your way of life, it’s 
your land, if it’s been in the family for hundreds of years.” 

• Complication: Pressure from agricultural intensification, 
changes in rural populations, and resistance to change threaten 
legacy 

• “….bigger tenant farmers….do not have any ownership. They are farming 
for somebody else in Chicago. Economics is more important to them than 
conservation or the watershed.” 

• Resolution: Explore solutions to create opportunities through 
land stewardship for sustainable practices

• “There needs to be a change in the way these leases are written. Leases 
that are written to include conservation. Not only profitability and 
sustainability, but use conservation to achieve these two things.” 



Summary of Findings: Phase 2
• Expert panel convened in 2018 (n = 27) and engaged in 

both a four-wave “Delphi study” and focus group
• Consideration given to four landscape types
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Iterative waves, list, then consolidation and ranking, re-ranking, refinement 




Benefits, Threats, & Practices
• Most important perceived benefits: Crop production, 

opportunities and access for recreation, wildlife habitat, 
water supply, and values associated with farming lifestyle 
and rural heritage

• Threats perceived to be most impactful: Erosion, run-off, 
siltation, habitat fragmentation, and invasive species

• Land use practices perceived to be most effective:
• Agricultural landscapes: Reduced or no-till practices, cover crops
• Lakes & rivers: Best management practices for nutrients and 

chemicals 
• Built environments: Zoning plans, infrastructure improvements
• Forest landscapes: Sustainable harvesting practices, invasive species 

removal and control
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Benefits & Threats Mapped
• Participatory mapping exercise conducted in 2019 (n = 

52) to locate benefits and threats identified in phase 1
• How would you spend $100 to preserve existing benefits? 
• Where are the sources of threats that would impact those benefits?



Benefits & Threats Mapped
• High and low priority locations were identified across the Kaskaskia 

River Watershed
• Threats were more spatially dispersed but clustering occurred throughout
• Both benefits and threats clustered around the main stem of the Kaskaskia River
• Areas of overlap between benefits and threats located in Reaches 1, 2 and 4



Summary of Findings: Phase 3
• Regional survey of residents in the watershed conducted to 

examine generalizability of relationships found in phases 1 and 2 
• Purposes of survey

• Understand experiences with the region
• Examine intentions to engage in 

behaviors
• Evaluate preferences for future growth

• Qualtrics online panel (n = 786)
• Demographic quotas set for age, 

gender, & race applied to help ensure 
sample aligned with demographics of 
the region



Sample characteristics
• Respondents were mainly White (83%), female (65%), with an 

average age of 41 years (SD = 15.6)
• Respondents who had an income less than $100,000 (78%) and 

some form of college education (71%)
• Over half considered their area of residence to be rural (61%) and 

some indicated they owned farmland in the watershed (13%)



Connections to place
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Respondents generally “agreed” that their places are special, and that they are connected to their special places.




Recreation and behavior
• Respondents reported moderate to low levels of engagement 

in recreation (2019)
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Outdoor recreation participation in the Kaskaskia Watershed 

(1 = Very rarely; 3 = Occasionally; 5 = Very often)

• Respondents “occasionally” to “frequently” engaged in behaviors 
benefitting the environment (e.g., everyday actions tied to water 
conservation, recycling)



Adoption of sustainable practices
• Mean number of years adopting sustainable practices:   7 years
• Range: 0-65 years
• Not responded: 4%
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Four Resource Management Challenge areas in 
Kaskaskia Watershed

Respondents not adopting sustainable 
practices in their line of work vis-à-vis 

their reported knowledge level in 4 
Resource management areas

No Knowledge Slight to Some Knowledge Moderate to High Knowledge

Knowledge vs adoption of sustainable practices

Reported knowledge level 
of respondents in the 4 
resource management 
challenge areas is 
positively associated with 
adoption of sustainable 
practices

Educational Attainment of 
Respondents not adopting 

sustainable practices
Level of Educational 
attainment %
No Formal Education 1%
High School Graduates 9.5%
Some College Education 12%
Bachelor's degree 5%
Post-Graduate degree 2.6%



Preferences for Landscape Change
• Preferences for future landscape change evaluated through a series 

of hypothetical future scenarios.
• Within each scenario, five “features” represented possible changes 

to current landscape conditions. Choice model attributes and levels for the survey 
instrument

Attribute Description Levels
Acres of 
Sustainable 
Agriculture

Percentage change in acres 
of farmland plated using 
sustainable practices

25% decrease
No change

25% increase

Water Quality Percentage change in water 
quality 

No change
25% increase
50% increase

Distance to Public 
Recreation Areas

Distance to the nearest 
recreation area from the 
resident’s home 

Less than one mile
Travel 25 miles
Travel 50 miles

Fish Variety
Percentage change in native 
fish variety in the lakes and 
rivers

15% decrease
No change

15% increase

Conservation 
Fund

Annual contribution to a 
conservation fund that 
would improve all attributes

$0 
$5 

$15 
$30 
$60 
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To evaluate preferences for landscape features we ID five “features” as most important based on our previous research. So we evaluated changes in SAP, water quality, recreation access, and fish variety. Along with a cost vehicle 



Preferences for Landscape Change

• Changes in all five features significantly predicted choice 

• Likelihood respondent selected an alternative choice increased with 
more acres of sustainable agriculture (β = 0.022), higher water 
quality (β = 0.014), more native fish variety (β = 0.025), and 
decreased as distance to recreation increased (β = -0.007)

Presenter
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mixed multinomial logistic regression, found that changes in all five attributes were statistically sig predictors of choice, go over this quickly but highlight people were more likely to select an alternative over “No change” as Ag, Water, and Fish went up and distance to rec went down, closer rec had higher choice. 





Preferences for Landscape Change
• Logit values 

converted to 
probabilities for ease 
of interpretation

• Figures show the 
probability that a 
respondent would 
choose an 
alternative scenario 
over no change at 
each feature level
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Presentation Notes
Probability alternative selected, again that changes scenarios, either A or B in the previous was selected over no change. A constant of 13% but as things increased or decreased, that probability also changed.

So with acres of ag, no change there was just a 13% someone would select alternative, this declined as acres went down but went up as acres went up. Increase by close to 8%. 

In contrast, recreation the constant here is just at 13% but we see there is a decline in choice as distance increased. However the SLOPE is less, which we can infer acres of AG and FISH most important, based also on the previous



Willingness to Pay
• Calculated a marginal willingness to pay for features based on 

contributions via a hypothetical conservation fund
• Values show the relative cost that respondents would be willing to 

pay for changes in each landscape feature
• Changes in fish variety and acres used for sustainable agriculture were most 

valuable
• These values are close to double what respondents would be willing to pay 

for changes in water quality and distance to public recreation  

Presenter
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Continue along these lines, because we also measured a cost vehicle, 

Again, further effort to support that acres ag and fish most important, useful for comparison. 




Community Engagement: Phase 4

• Current phase initiates 
community-based discussions 
about landscape change

• Two steps 
• Presentation of results 

through face-to-face 
meetings, technical report, 
and organizational networks

• Meet with groups of 
stakeholders to facilitate 
planning workshops for 
landscape change

Presenter
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Conclusions & Funding 
• Stakeholders and residents care about conservation and developing 

sustainable practices 
• General agreement that strong agricultural industry compatible with 

healthy ecosystems that support fisheries biodiversity 
• Farmer decision-making directed by efficiency in production and 

stewarding farm legacy
• Next two years to engage stakeholders in discussions about landscape 

change in Kaskaskia Watershed
• Grateful for support from funders of research:

Presenter
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Small group exercise

• Step 1: Review technical report in small groups

• Step 2: Identify results that are most and least important
• What do you think is interesting?
• What have you learned
• What else would be helpful for you or your organization to 

understand?

• Step 3: Come together with larger group to share points of discussion

Presenter
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MITIGATING FUTURE THREATS TO
BIODIVERSITY: THE ROLE OF HEADWATER
STREAMS AND LAND MANAGEMENT PRACTICES
IN THE KASKASKIA RIVER WATERSHED

Joan M. Brehm, Professor and Department Chair, Department of Sociology and Anthropology, Illinois 
State University
Bill Stewart, Professor, Department of Recreation, Sport, and Tourism, University of Illinois
Cory Suski, Professor, Department of Natural Resources and Environmental Sciences, University of 
Illinois
Maria Librada Chu, Associate Professor, Department of Agricultural and Biological Engineering, 
University of Illinois
Jordan Buffington, Graduate Student, Department of Sociology and Anthropology, Illinois State 
University



WATER, AGRICULTURE, & HEALTHY
ECOSYSTEMS

• Maintaining and protecting 
freshwater resources within 
Illinois has implications for a 
variety of sectors including 
agriculture and food security, 
energy, economic development, 
public health, and ecosystem 
services. 

• Most notable is the link between 
land use, water and agriculture. 

• Viable freshwater water 
ecosystems are essential to 
agricultural production.  

• At the same time, agricultural 
production has some of the 
largest impacts on our 
freshwater systems. 



EXTENDING EXISTING
RESEARCH
• Extends existing research project “Enhancing agro-

ecosystem services using integrated hydro-ecologic 
and socio-cultural models” (USDA/NIFA funded).

• Preliminary findings indicate many fish populations in 
these headwater streams in the Kaskaskia watershed 
are at risk due to climate change, primarily as a result 
of rising temperatures.  
– Stakeholder priorities are not focused on these 

streams, but instead directed at the two reservoirs of 
the Kaskaskia River for threats and opportunities linked 
to water quality and fisheries biodiversity.  

• Elevating the importance of low order streams 
within the farm-based stakeholders of the 
Kaskaskia River watershed would enhance the 
sustainability of Illinois agro-ecosystems. 
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which examines the role and value of headwater streams as primary sources of biodiversity and fisheries resources. 



RESEARCH GOALS
• Stimulate active and ecological 

land management practices 
among agricultural landowners 
of the Kaskaskia River 
Watershed.

• Extend existing research to 
focus on the protection of vital 
headwater streams to mitigate 
the negative impacts from 
rising temperatures and 
increase the productivity of 
these waterways that are 
critical to native biodiversity. 



RESEARCH QUESTIONS
• Key Research Questions:

– How do farmers view their identity 
in relationship to conservation 
practices?

– How do farmers view their 
responsibility for conservation 
practices that extend beyond 
water quality to focus more directly 
on biodiversity and fish 
productivity?

– What factors would positively 
influence farmer’s engagement in 
conservation practices that 
enhance biodiversity and fish 
productivity in the small feeder 
streams on their land?



STUDY SITES
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