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ABSTRACT
Maintaining a resilient and sustainable agro-production system is replete with challenges, because 
management practices designed to enhance productivity can overlook the range of values derived 
from ecosystems and concerns about their future. Further complicating the decisions being made 
about agricultural settings is the variation in social-ecological stressors that shape how diverse 
community members interpret landscape change. We engaged residents of the Kaskaskia River 
Watershed in Illinois, USA in discussions about agroecosystems through participatory mapping 
exercises and focus groups. The spatially explicit data that were derived from this process were then 
modeled in relation to changes in watershed hydrology simulated using a Soil and Water 
Assessment Tool (SWAT) model. We observed that the four most salient ‘values’ associated with 
the watershed were recreation, erosion protection, crop production, and flood control. Erosion, 
siltation and sedimentation, increased flooding, and invasive species were considered the most 
relevant ‘disvalues’ because they represented the social-ecological stressors of greatest concern. 
Respondents believed that the values from ecosystems were more spatially clustered than disvalues, 
and the main river corridor was at greater risk of degradation than the associated tributaries despite 
these second order streams being more biologically diverse. The use of participatory mapping data 
coupled with SWAT to simulate changes in systemic responses of the watershed provided a social- 
ecological basis for identifying high and low-priority locations at a regional scale. Our results 
therefore aim to spatial prioritize and guide evidence-based decisions anchored in the social and 
ecological complexities of a Midwestern watershed.
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Introduction

Agricultural landscapes are instrumental in the provi-
sion of nature’s contributions to people (Díaz et al.  
2018) to support rural communities that depend on 
natural resources for their livelihoods, food security, 
and quality of life (Zhang et al. 2007; Lescourret et al.  
2015; Prokopy et al. 2015). Diversified farmlands, in 
particular, can enhance biodiversity, increase food 
production, regulate water retention, and support 
soil health (Porter et al. 2009; Hanaček and Rodríguez- 
Labajos 2018). Broadly, agroecosystems reflect layers 
of rural development and historical land uses that 
carry meaning for residents (Leitschuh et al. 2022; 
Slemp et al. 2012) and a ‘sense of place’ that motivates 
conservation behavior (Gosling and Williams 2010; 
Mullendore et al. 2015). Multiple benefits from nat-
ure – such as aesthetics, recreational opportunities, 
and therapeutic qualities of nature – are associated 

with agricultural landscapes but have largely remained 
implicit in land management decisions because they 
are difficult to quantify (Milcu et al. 2013). To facilitate 
the sustainable management of agroecosystems, 
research is urgently needed to account for a more 
comprehensive array of benefits, especially those that 
provide insights into the intrinsic motivations that 
underpin ownership, management, and conservation 
of natural resources (Chan et al. 2012; Plieninger et al.  
2012; Hölting et al. 2020).

Pressure being placed on agroecosystems from 
intensification of industrial practices, land conver-
sion, and increased demand for food is degrading 
ecosystems at unsustainable rates (Fischer et al.  
2014; Garbach et al. 2017). Further, the biophysical 
capacity of agricultural production is at risk of being 
altered by pathogens and invasive species (Pimentel 
et al. 2001; McDonald and Stukenbrock 2016), soil 
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erosion (Steinhoff-Knopp et al. 2021), and changing 
climates (Tubiello and Fischer 2007). Changes in the 
global food system, especially in the period following 
World War II, have led to the further degradation of 
agroecosystems. The global food system is a complex 
network of political, economic, and social factors, but 
the transition to high-input monocultures of corn 
and soybean have had a particularly large and nega-
tive impact on ecosystems of the Midwest and else-
where (Lobao and Meyer 2001; Shipley et al. 2022; 
Singh et al. 2023). These changes to working land-
scapes have led to forms of environmental degrada-
tion such as nonpoint source pollution that affects 
downstream community members from rural to 
urban contexts (Lee et al. 2015). There have been 
increasing calls for broader engagement and inclusiv-
ity in decision-making to develop more sustainable 
policy solutions, given the benefits that have emerged 
from collaborative management across diverse inter-
est groups (Lamarque et al. 2011; Garnett et al. 2018; 
Wilhelm et al. 2020; Zagata et al. 2021). Specifically, 
previous research has emphasized the value of public 
involvement in decision-making to enable more equi-
table distributions of nature’s contributions to people 
(King et al. 2015) and sound governance to support 
the use and appreciation of agroecosystems (Robards 
et al. 2011; Wardropper et al. 2020).

Participatory research is rapidly gaining traction as 
a mechanism for acknowledging and responding to 
different relationships that form between people and 
places (Pérez-Ramírez et al. 2021). The process for 
understanding the benefits of working landscapes is 
particularly important for rural community members 
who are faced with rapid change that is challenging 
traditional ways they have identified, connected with, 
and cared for the natural world (Stewart et al. 2019). 
Research advanced at spatially explicit scales can help 
to direct attention toward high and low priority areas 
in agroecosystems that are especially vulnerable due 
to factors such as increasing uncertainty from global 
environmental change (Hein et al. 2006; García-Nieto 
et al. 2015). Specifically, Public Participation in 
Geographic Information Systems (PPGIS) (Brown 
and Fagerholm 2015) can be used to reveal the rela-
tive importance and spatial distribution of benefits 
identified by communities as primary resource users. 
This method carries potential to improve agroecosys-
tem governance by providing rural communities with 
a platform for voicing their concerns and translating 
these points into concrete land-use change directives. 
However, the extant literature has predominantly 
focused on understanding the positive rather than 
negative associations with places (for an exception, 
see Klain and Chan 2012). There is consequently an 
urgent need to shift attention toward the idea of 
‘disvalues’ defined as aspects of nature that reduce 
human well-being, degrade relationships, and 

embody inherently dysfunctional outcomes (Lliso 
et al. 2022). Though understudied, this research 
approach can support agroecosystem resilience in 
the face of change, because it reveals points of conflict 
and highlights issues that may thwart the provision of 
benefits over longer time periods (DeClerck et al.  
2016).

Engaging local communities in discussions about 
the values and disvalues of nature is replete with 
challenges, owing to the complexity of coupled social- 
ecological systems. Over three decades of research has 
fortified knowledge of integrated systems that recog-
nize humans as being nested within broader environ-
ments (Adger et al. 2005; Liu et al. 2007; Berkes et al.  
2008; Ostrom 2009), urging researchers to think 
beyond nature-people dualisms and instead focus on 
hybrid social-ecological spaces (West et al. 2020). 
Indeed, a ‘relational turn’ toward assumptions of 
transactional relationships between people and places 
is better equipped to reflect integrated system resili-
ence (Walker et al. 2002; Cinner and Barnes 2019) 
and adaptive governance (Folke et al. 2005) that can 
be supported by participatory research with commu-
nity members. For example, Alessa et al. (2008) 
worked with communities on the Kenai Peninsula 
in Alaska, U.S.A., and used PPGIS methods to 
advance the concept of a spatially explicit social- 
ecological system. The authors identified hotspots, 
coldspots, and warmspots defined by shared social- 
ecological spaces that had different levels of perceived 
versus on-ground biodiversity. Sherrouse et al. (2011) 
also developed spatial priorities for resource manage-
ment agencies in response to the values people asso-
ciated with places, which were modeled alongside 
environmental data through a participatory process. 
These studies show great promise in their ability to 
support more comprehensive policy decisions that 
integrate knowledge from multiple disciplines, as 
well as establish more inclusive processes for enga-
ging community members in decisions about land-
scapes that are undergoing rapid change (Mehryar 
et al. 2017; Schwartz et al. 2021).

This study aimed to understand how the spatial 
distribution of values provided by a regional 
agroecosystem and disvalues that threatened the 
sustainability of these places related to changing 
social-ecological conditions in the Kaskaskia River 
Watershed, Illinois, U.S.A. Drawing on a concep-
tual framework established by the Intergover- 
nmental Panel on Biodiversity and Ecosystem 
Services (IPBES), we first probed qualitative data 
from focus groups to explore the reciprocal rela-
tionships among participants and landscapes. This 
gave rise to knowledge of the relative importance 
of values and disvalues that paralleled the idea of 
‘relational values’ established in previous research 
(Gould et al. 2019). That is, the process of 
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engaging in discussions about nature’s contribu-
tions evoked consideration of their relationships 
between people and places. Next, we used partici-
patory mapping exercises to geographically locate 
the positive and negative qualities of a landscape 
that reflected ‘specific values’ defined by the 
importance of nature in particular situations 
(Pascual et al. 2023). Finally, we modeled a suite 
of social-ecological stressors to better understand 
the basis for participants’ evaluations of values 
and disvalues from agroecosystems in the 
Kaskaskia River Watershed. Our mixed methods 
approach thus leveraged multiple forms of knowl-
edge to address the following objectives: 1) 
Evaluate the prominence of values and disvalues; 2) 
Understand the spatial dynamics of values and 
disvalues; and 3) Determine the relationships 
between social and ecological data.

Methods

Study context

This research was conducted in the Kaskaskia 
River Watershed, which is the second largest 
watershed (~1,506,800 ha) in Illinois encompass-
ing 10% of the state’s total land area. An estimated 
97.6% of the watershed is privately owned (Krohe  
2001), and the majority (>70%) of the watershed’s 
land is dedicated to farming, including the pro-
duction of corn, soybeans, pasture, and hay (Acero 
et al. 2021). Due to the high proportion of private 
and working lands, public access to natural 
resources and conservation initiatives have been 
largely concentrated in two reservoirs managed 
by the Army Corps of Engineers, including Lake 
Shelbyville in the northern part of the watershed 
and Carlyle Lake in the middle to lower sections, 
completed in 1970 and 1967 respectively (Taylor 
and Stemler 2006). As of 2005, approximately 
560,000 people lived in the watershed with the 
population concentrated in Madison and St. Clair 
Counties. The largest city in the watershed is 
Belleville, located in St. Clair County with a popu-
lation of approximately 43,000 (Dziegielewski and 
Thomas 2011). The watershed is divided into four 
politically and ecologically defined ‘reaches’ includ-
ing the Upper Kaskaskia Reach, Carlyle Reach, 
Kaskaskia/Shoal Reach, and the Lower Kaskaskia 
Reach. These four units served as boundaries that 
guided our study design and data collection pro-
cesses (see Figure 1).

Data collection

We conducted four focus groups, including one in each 
of the reaches of the Kaskaskia River Watershed. We 

worked with the Kaskaskia Watershed Association 
(KWA) to recruit participants for the focus groups. 
The study took advantage of the regularly held meetings 
for the KWA to engage study participants. As such, 
most of the people who participated in our focus groups 
were members of the KWA and had deep connections 
to farming, either having grown up with a family that 
farms or being a farmer themselves. More specifically, 
our focus groups included people with connections to 
farm businesses (e.g. farmers, non-farming land-
owners), tourism, environmentalism, and state or fed-
eral agencies such as the U.S. Army Corps of Engineers 
and Illinois Department of Natural Resources (n = 52). 
Participation ranged from a low of six people in one 
focus group (Reach 1) up to a high of 25 people 
(Reach 4).

During the focus groups, participants were first 
asked to engage in an individual mapping exercise 
that included two steps. First, participants were asked 
to rank a list of 18 values (that we termed, ‘benefits’) 
of and 14 disvalues (that we termed ‘threats’) to the 
watershed by allocating 100 preference points across 
the list of values and 100 preference points across the 
list of disvalues to reflect the relative importance of 
each category to the specific participant. The lists 
presented to study participants were derived from 
previous research (Shipley et al. 2020) that involved 
a Delphi process used to inductively identify the most 
important landscape features according to residents. 
Mean value scores were calculated to determine the 
relative importance of all values and disvalues across 
the entire watershed. The second step in the indivi-
dual mapping exercise involved participants assigning 
the values and disvalues selected in the first step of 
the mapping exercise to specific places within the 
watershed. These locations were marked using points, 
lines, and polygons. The paper map was displayed on 
a standard letter sized sheet of paper (8 ½” x 11”) of 
participants’ respective watershed reach.

Following the individual mapping exercise, all 
focus group participants were engaged in larger 
group discussions about the locations of values and 
disvalues to build interactional expertise (Carolan  
2006). These discussions were intended to elucidate 
the reasons why places carried positive and negative 
associations for participants and revolved around 
a larger map of the watershed that served as 
a boundary object to stimulate dialogue among par-
ticipants (Steger et al. 2018). Discussions generated 
205 minutes of audio from 10 recordings. The record-
ings were transcribed verbatim and coded using 
a closed coding method in which two researchers 
identified passages of text that directly reference one 
of the predetermined values and disvalues. The pur-
pose of this analysis was to complement the data 
collected through the individual mapping exercise 
and capture any new information on how both values 
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and disvalues were perceived at the group level in the 
Kaskaskia River watershed.

Spatial data derived from the individual mapping 
exercise were systematically digitized using ArcMap 
10.6 and loaded into a geodatabase (total value and 
disvalue points = 793). The preference points allo-
cated to all value and disvalue categories were also 
added to the geodatabase and connected to the 
digitized points using a unique identifier. To test 
if the spatial point distributions generated from the 
PPGIS dataset differed from a completely spatially 
random (CSR) distribution, Average Nearest 
Neighbor (NN) statistics in ArcGIS were applied 
to both the values and disvalues point datasets 
(Brown et al. 2018). This point pattern analysis 

indicated the extent to which a set of data points 
were clustered or dispersed. Nearest Neighbor ratio 
values below one indicated spatial clustering while 
values above one indicated spatial dispersion in 
a dataset. Next, a kernel density estimation in 
ArcGIS was completed to visualize the spatial con-
centration of the data points. A fixed bandwidth 
was developed for this analysis using the calcula-
tion following Bailey and Gatrell (1995).

Three landscape metrics were also developed and 
added as layers to the geodatabase for further 
analysis, including 1) Distance to River; 2) Runoff, 
and 3) Crop Yield (see Table 1). The Distance to 
River metric represented the shortest straight-line 
distance from the main channel of the river to each 

Figure 1. A map of southwestern Illinois depicting the four reaches of the Kaskaskia River Watershed, including the Upper 
Kaskaskia (Reach 1), Carlyle Kaskaskia (Reach 2), Shoal Kaskaskia (Reach 3), and Lower Kaskaskia (Reach 4).
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cell at a 30-m resolution across the study area. The 
Runoff and Crop Yield metrics were simulated daily 
using a Soil and Water Assessment Tool (i.e. SWAT 
model), which is a semi distributed hydrologic model 
that quantifies the impacts of land management prac-
tices in a watershed. Being a hydrologic model, 
SWAT can simulate the hydrologic processes at the 
watershed scale. In addition, it has an ecological 
component that can simulate plant growth changes 
and nutrient cycling for agricultural landscapes. The 
model developed for this research was validated 
against observational data in Acero et al. (2021). 
Specifically, the daily values of runoff and crop yield 
from SWAT were converted into annual average 
values and then uploaded to the geodatabase. 
Additionally, Crop Yield was estimated by additively 
combining corn and soybean yields. The rationale for 
selecting these three metrics as well as the detailed 
description of the model and results can be found in 
Acero et al. (2021).

A kernel density map was created as an explora-
tory step to visualize the spatial distribution of the 
data points. A fixed bandwidth was developed for the 
kernel map using the calculation following Bailey and 
Gatrell (1995). Next, Average Nearest Neighbor sta-
tistics in ArcGIS were applied to test for global clus-
tering of values and disvalues. This point pattern 
analysis indicated the extent to which a set of data 
points were clustered or dispersed. Additionally, spa-
tial clustering between the mapped data layers was 
assessed using the cross K-function to determine if 
different types of points (values versus disvalues) 
were clustered near each other.

Analysis of social-ecological data

Both values and disvalues were analyzed in rela-
tion to three landscape metrics that represented 
social-ecological stressors in the Kaskaskia River 
Watershed. The four most salient values were 
analyzed separately from the four most salient 
disvalues using the digitized points derived from 
the participatory mapping exercises, which were 
weighted according to the preference points allo-
cated to each value and disvalue presented to the 
study participants. Using a GIS mapping applica-
tion called ‘Social Values for Ecosystem Services’ 

(SolVES) (Sherrouse et al. 2011, 2014), Value 
Index and Disvalue Index scores were created as 
a standardized representation of the relative 
importance and spatial location of values and dis-
values, respectively. The SolVES program worked 
in conjunction with Maximum Entropy (MaxEnt) 
modeling (Phillips et al. 2006), which was origin-
ally developed as a species distribution modeling 
tool to determine the probability of the presence 
of a species based on its known location in rela-
tion to its habitat depicted by landscape metrics. 
MaxEnt uses machine learning to generate logistic 
surface layers for each value and disvalue type to 
indicate the likelihood – on a cell-by-cell basis – 
that places within the watershed would be selected 
by respondents (Sherrouse et al. 2014). To do this, 
the program drew from the three landscape 
metrics that we developed using a SWAT model 
(i.e. Distance to River, Runoff, and Crop Yield) 
previously developed by Acero Triana et al (2021,  
2022). and partitioned the value and disvalue 
points into training and test data to develop spa-
tial prediction layers. The resulting logistic surface 
layers were characterized using zonal statistics that 
included mean value scores to reflect the relation-
ships between our social science point data and 
the three landscape metrics (see van Riper et al.  
2017). To evaluate the predictive capacity of mod-
els generated using our social and ecological data, 
Area Under the Curve (AUC) statistics were cal-
culated by MaxEnt (Swets 1988).

Results

The most prominent values and disvalues

Results from the participatory mapping exercises 
revealed the relative importance of values and disva-
lues across the Kaskaskia River Watershed, while 
transcripts from the group discussions provided rich 
details of participant viewpoints by contextualizing 
the preference points and mapped data within 
a broader regional discourse (see Supplementary 
Material). The four most salient values identified in 
the watershed were recreation, erosion protection, 
crop production, and flood control. These four values 
were selected for further analysis based on participant 

Table 1. Description and range of three landscape metrics analyzed in relation to the perceived values and disvalues derived 
from the Kaskaskia River Watershed.

Landscape 
Metric Description Range

Distance to 
River

Distance between each cell and river network 0–60.12 km

Runoff Estimated annual average runoff rate for values (2015–2017) and for disvalues 
(2030–2039)

0.25–134 m3/s for values, 0.25–132 m3/s for 
disvalues

Crop Yield Estimated annual average crop yield rate for values (2015–2017) and for 
disvalues (2030–2039)

0–1.24 × 108 ton/year for values, 0–1.23 × 108 ton/ 
year for disvalues
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accounts of how they interacted with the watershed 
(see Figure 2(a)).

First, a diversity of nature-based recreation oppor-
tunities emerged and included boating, fishing, sight-
seeing, camping, and exploring the traditional 
farming lifestyle of Amish communities. For example, 
a participant from Reach 1 highlighted the impor-
tance of recreational boating: ‘We have over 300 slips 
in the marina and probably 150 of them are house-
boats. People will come down every weekend. We 
have people that have been coming down from 
Chicago renting boats for 40 years’. Another partici-
pant from Reach 2 stressed the significance of fishing 
activity on the lake and its associated river networks 
by indicating ‘ . . . the lake is the more important part 
to me, realizing that there’s fishing going on the river, 
etc. That was what was important to me’. Second, 
regarding erosion protection, one participant from 
Reach 1 stressed the value of vegetation cover in 
keeping the soil intact in their statement: ‘I think 
the filtration of nutrients is an important benefit. 
Vegetative buffer grass and riparian forest buffers 
are also important’. Another participant from Reach 2 
observed, ‘it’s always the erosion [protection] because 
that affects the farming, the livestock, the lake, the 
recreation, all the above’. Third, crop production was 
largely considered the ultimate value of the watershed 
due to the financial support it provides, as illustrated by 
a participant from Reach 3: ‘Everything is related to 
farming. That’s got to be the main moneymaker’. 
Another participant from Reach 2 underscored the 
importance of farming to meet human survival 
needs: ‘Crops are important to life’. Finally, flood 
control was a salient value. Participants recognized 
the critical role of having trees and vegetation in 
the landscape that could absorb the excess runoff 
water, and one individual from Reach 3 stressed the 
importance of Lake Shelbyville and Carlyle Lake 
serving as critical buffers during heavy downpours 

that would otherwise cause damage to residents’ 
properties:

And that wouldn’t have been for Shelbyville or 
would it have been for Carlyle? There was [sic] 
over 50,000 CFS [cubic feet per second or water] 
coming down here. And then in a station out there. 
Carlyle was taking it in and holding 50,000. It would 
have been double the flood in 2015. And it would 
have washed out bridges, interstate, railroad. It 
would have damaged a lot of people’s homes besides 
mine. 

The four most salient disvalues associated with the 
Kaskaskia River watershed were erosion, siltation and 
sedimentation, increased flooding, and invasive spe-
cies (see Figure 2(b)). First, a participant from Reach 
2 provided insight on the importance of erosion, 
while also nuancing a deeper understanding of how 
erosion should be understood: ‘To me, the erosion 
should be divided into two, as sheet erosion on the 
fields and bank erosion. The bank erosion on the 
Kaskaskia between here and Shelbyville is by far the 
biggest problem’. Another farmer participant from 
Reach 3 shared their interest in halting erosion of 
farmland so that the next generation could farm by 
saying, ‘I would like to actually keep in the family 
(farmland), make it better for them. Farms around 
the Kaskaskia that are losing some property to ero-
sion and actually figure out a way to stop that’.

Three other prominent disvalues emerged, the first 
of which was sedimentation. A participant from 
Reach 2 argued sedimentation was a function of land-
scape alterations: ‘Siltation and sedimentation was my 
number one threat. The increased tilling and removal 
of environmental buffers drives siltation’. Another 
participant from Reach 1, while acknowledging the 
sedimentation and siltation problem in the region, 
believed that sedimentation at the bottom of Lake 
Shelbyville and Carlyle Lake that could have resulted 

Figure 2. Average value points (mean ± standard error) assigned by respondents (n = 52) to (a) 18 values and (b) 14 disvalues of 
the Kaskaskia River Watershed.
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from continued siltation over the decades when he 
stated: ‘There really hasn’t been anything done. Well, 
I’ve been on the drainage district that includes the 
main stem for about 20 years and we have done no 
dredging’. Third, participants shared memories from 
the region while they underscored the importance of 
considering floods as a hazard. For instance, 
a participant from Reach 1 recalls: ‘We farm right 
there. And there’s 30 acres of river bottoms on that 
farm. It used to take a day for the water to get down 
there, now takes about 12 hours’. Another participant 
from Reach 3 recounted: ‘The floods of 2012 and 
2015, we would have had water over the interstate. 
We would’ve lost the railroads and bridges up at 161 
(a local highway)’. Finally, participants discussed the 
role of invasive fish species and exotic plants as 
a disvalue to the Kaskaskia River Watershed. One 
participant from Reach 1 expressed concern about 
invasive fish species replacing native ones in their 
water bodies over the decades: “I just can’t believe 
they are not in there. It’s just a matter of time . . . It 
just takes one fish on the other side of the dam. And 
you got them, you know? Another participant from 
Reach 1 articulated how exotic invasive plants posed 
threats to their farmlands aside from the invasive fish 
species in water bodies: ‘All of the invasive species 
and not just fish. They brought them. The state has 
brought them in and planted them in the 80’s and 
now our neighbors have got them, and they planted 
them’.

In addition to the highly ranked values and dis-
values, participants expressed concerns about a range 
of topics; they emphasized how each of the mapped 
points was nested in a closely interconnected system, 
thus making it difficult to evaluate the relative impor-
tance of one. For example, during the focus groups, 
participants either explicitly or implicitly mentioned 
the intricate associations among intensive crop pro-
duction, fertilizer application, soil health, deforesta-
tion, runoff and pollution, and lack of biodiversity. 
Participants also shared the realization that addres-
sing the multi-faceted issues afflicting the watershed 
would be challenging and require broad consensus, as 
well as coordination at different scale to develop 
more sustainable management of agroecosystems.

Spatial dynamics of values and disvalues

The point data that were generated from the partici-
patory mapping exercises illustrated not only the 
relative importance of values and disvalues, but also 
the spatial patterns of these perceived landscape fea-
tures. Results from the Average Nearest Neighbor 
analysis showed that significant clustering occurred 
throughout the watershed for both if the values (NN 
ratio = 0.479, z-score = −21.637, p < 0.001) and disva-
lues (NN ratio = 0.667; z-score = −11.427, p < 0.001) 

assigned to places by the study participants. Kernel 
density maps generated from a spatial clustering ana-
lysis revealed high density areas of points located 
along the Kaskaskia River (see Figure 3). The densest 
area of both value and disvalue point assignments 
was in the southern and central parts of Reach 4. 
Other high-density areas of value abundance were 
observed in the southern half of Reach 1 and the 
southwestern corner of Reach 2.

Relationships between social and ecological data

Results from our analysis of social-ecological data 
using SolVES and MaxEnt revealed how values and 
disvalues were changing in relation to conditions 
including Distance to the Kaskaskia River, Runoff 
and Crop Yield (see Figure 4). Good fitting models 
were developed according to our training 
(AUC = 0.91 for values and 0.89 for disvalues) and 
test data (AUC = 0.71 for both values and disvalues). 
The zonal statistics generated with SolVES (i.e. zones 
defined by the integer values from the Value Index 
scores) were used to illustrate the relationships 
between social and ecological data. Distance to 
River was negatively related to all four values, given 
that as distance increased, the perceived benefits of 
places exponentially decreased (see top panels in 
Figure 4). More variation emerged with respect to 
the relationship between crop production and 
Distance to River, such that places farther away 
from the river were likely to carry stronger crop 
production values according to study participants. 
The second landscape metric of Crop Yield was ana-
lyzed in relation to the four most salient values, and 
negative relationships emerged indicating that as crop 
yield of an area increased, participants were less likely 
to associate these places with recreation, crop produc-
tion, erosion protection, and flood control (see mid-
dle panels in Figure 4). Finally, runoff (i.e. flow of 
water on the ground surface) was evaluated in rela-
tion to the perceived benefits of places and showed 
weak, positive relationships with recreation, erosion 
protection, and flood control but a strong negative 
relationship with the value of crop production (see 
bottom panels in Figure 4). Specifically, areas with 
greater runoff were less likely to be seen as beneficial 
for the purposes of providing corn and soy to local 
communities. Areas with runoff greater than 25 m3/s 
were perceived to carry little value for crop produc-
tion. The increase in the disvalues with the proximity 
to the river is expected because they are all driven by 
runoff whose impacts are significantly high closer to 
water bodies. For instance, erosion is more severe 
closer to the river since the river has a lower elevation 
and that is where flow accumulates. Similarly, the 
higher runoff provides a better habitat for species in 
terms of food availability and mobility.
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Results from our comparison of perceived disva-
lues to the Kaskaskia River Watershed in relation to 
three landscape metrics showed varied directional 
relationships (see Figure 5). Specifically, Distance to 
River was strongly and negatively correlated with all 
four perceived disvalues, in that as distance increased, 
concerns about erosion, sedimentation, increased 
flooding, and invasive species lessened. Erosion in 
relation to the landscape metric of crop yield was 
also negative, likely due to the common understand-
ing that soil erosion is caused by cropping operations 
(e.g. tilling). Runoff was positively related to the four 
perceived disvalues, in that areas with higher runoff 
were rated with increased threats of erosion, sedi-
mentation, flooding, and invasive species.

The projected probability of the distribution of 
both values and disvalues varied across the landscape 
(see Figure 6). We observed uneven spatial patterns 
across the four primary values of recreation, erosion 
protection, crop protection, and flood control that 
were clustered in the northern portion of the 
watershed and along the main stem of the Kaskaskia 
River. In particular, crop production was almost 
exclusively concentrated in the lower two reaches of 
the watershed. The four primary disvalues of erosion, 
sedimentation, increased flooding, and invasive 

species were more evenly distributed along the main 
stem of the Kaskaskia River and concentrated toward 
the southern end of the watershed. Concerns about 
increased flooding and invasive species were asso-
ciated with the lower three reaches, but not the 
Upper Kaskaskia.

Discussion

This study demonstrates that nature’s contributions 
to people can be depicted in spatially explicit ways to 
give more balanced consideration to the social and 
ecological dynamics that characterize agro- 
production systems. Residents in the Kaskaskia 
River Watershed of Illinois, USA identified a diverse 
suite of values and disvalues related to recreation, 
crop production, and environmental degradation 
(i.e. erosion, flooding, invasive species). We observed 
that these values and disvalues exhibited distinct spa-
tial patterns and were concentrated at opposite ends 
of the agricultural watershed, yet both tended to 
congregate along the main stem of the Kaskaskia 
River, thus identifying specific locales that warrant 
research attention and that can be prioritized by local 
leaders and policymakers. Our focus on the relation-
ships between the perceived qualities of places and 

Figure 3. Kernel density maps showing the values (n = 471) and disvalues (n = 322) that were spatially located by study 
participants during participatory mapping exercises. Darker colors of blue and orange indicate higher density of values and 
disvalues, respectively, across the Kaskaskia River Watershed.
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landscape features (i.e. distance to river, agricultural 
runoff, crop yield) also offered a template for build-
ing transdisciplinary knowledge of the relationships 
between expert residents and social-ecological condi-
tions. We aimed to empower our study participants 
with an opportunity to share their perspectives and 
thus catalyze more fair and equitable consideration of 
local residents as part of a process for advancing 
more sustainable management of agroecosystems.

Given that human-environment interactions 
within working landscapes generate both positive 
and negative associations with places, the idea of 
(dis)values (Lliso et al. 2022) was useful for building 
a more complete representation of how individuals 
and groups interacted with places. Our conceptual 
framework encompassed the values and disvalues of 
nature and extended previous research by Pascual 
et al. (2023) as part of the IPBES Values 
Assessment. We observed that the contexts for parti-
cipants’ judgments about both the desirable outcomes 
(i.e. values), concern for undesirable outcomes (i.e. 
disvalues), and the spatial relationships that existed 
between them paralleled the IPBES notion of ‘specific 
values’. The insights shared by our study participants 
were sometimes rooted in past experiences that also 
brought disvalues to the surface. For example, the 
spatial distribution of erosion control was believed 

to be stronger near the river compared to distant 
locations due to past experiences and first-hand 
knowledge of the risks of erosion on poorly managed 
stream embankments. Although the IPBES frame-
work recognizes the interrelationship of values and 
their interconnections with knowledge systems, the 
specific situations in which people interacted with 
nature through our study provided insight into the 
uptake, prioritization, and relevance of both positive 
and negative associations with nature for policymak-
ing. We suggest that the social-ecological lens of this 
research coupled with its sensitivity to spatial rela-
tions was well-suited for describing the linkages 
between values and disvalues.

We identified and spatialized the values and dis-
values of the Kaskaskia River watershed using PPGIS 
methods (Brown and Weber 2012; Brown et al. 2020). 
On one hand, the predominant values of recreation, 
crop production, erosion protection, and flood con-
trol emphasized the importance of water, and rivers 
in particular, as the lifeblood for sustaining the provi-
sion of nature’s benefits to people (Wardropper et al.  
2015; Yeakley et al. 2016; Garcia-Martin et al. 2017). 
Indeed, aquatic resources within the watershed 
offered a host of opportunities for supporting well- 
being, quality of life and even local livelihood 
(Swinton et al. 2007; Assandri et al. 2018). These 

Figure 4. Zonal statistics showing the relationships between the average values for three landscape metrics plotted on the 
x-axes and value index scores for the four primary values of the Kaskaskia River Watershed plotted on the y-axes. Social- 
ecological relationships are depicted for the values of recreation, erosion protection, crop production, and flood control.
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Figure 5. Relationships between the disvalue index and landscape metrics (i.e. distance to river, agricultural runoff, crop yield) 
for the four primary disvalues of erosion, sedimentation, increased flooding, and invasive species.

Figure 6. Projected probability of presence for the: (a) Four primary values of recreation, erosion protection, crop production, 
and flood control, and (b) Four primary disvalues of erosion, sedimentation, increased flooding, invasive species in the Kaskaskia 
River watershed. The point data used to represent specific locations (n = 793) were assigned by all focus group participants (n =  
52) and analyzed in relation to three landscape metrics to generate logistic surface layers using maximum entropy modeling.
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benefits were also a major source for structural con-
trol of water flow rates, contaminants, and biodiver-
sity conservation (Schilling et al. 2023). Our findings 
reinforce previous PPGIS research that has demon-
strated the multifunctional and often contrasting nat-
ure of benefits provided by agricultural watersheds, 
such as recreation vs. crop production (Braslow et al.  
2016; Cusens et al. 2022). On the other hand, study 
participants ranked erosion, sedimentation, increased 
flooding, and invasive species as primary threats 
identified facing the agricultural watershed (Shipley 
et al. 2020). These findings are consistent with studies 
that have demonstrated negative impacts of agricul-
tural intensification on water and soil quality 
(Matson et al. 1997; Berka et al. 2001). In contrast 
to values, disvalues were distributed more evenly 
along the Kaskaskia River and concentrated toward 
the southern end of the watershed. The lower reaches 
had particularly high perceived values for crop pro-
duction in parallel with concerns about invasive spe-
cies and flood control. The more uniform spatial 
distribution of disvalues may indicate that partici-
pants were more uncertain about the location of 
disvalues than values. Alternatively, the elevated dis-
values of the main stem could be due to floods that 
have occurred in recent decades. These floods have 
generated concern and brought visibility to the need 
for flood control and careful management of other 
benefits from the river, particularly for nearby com-
munities (Shipley et al. 2022). Similar to values, all 
four disvalues increased with proximity to rivers.

We observed that the values and disvalues of 
places exhibited statistically significant spatial cluster-
ing, specifically along the main stem of the Kaskaskia 
River. This concentration of values and disvalues 
could be due to several factors. First, given that an 
estimated 97.6% of the watershed is privately owned 
(Krohe 2001), the major public areas were two reser-
voirs managed by the Army Corps of Engineers in 
Reaches 1 and 2. It could be that these were consid-
ered iconic places and visible settings for those who 
live and work in the region (Taylor and Stemler  
2006). Secondly, many participants were staff mem-
bers of public agencies and previously collaborated 
on initiatives related to the reservoirs and surround-
ing land, rendering a strong shared knowledge based 
with a focus on the main stem and reservoirs. 
Thirdly, the Kaskaskia River and its two reservoirs 
are well-marked and visible along the many roads 
that crisscross the watershed. They often have view-
points or pull-outs that invite travelers to step out of 
their cars and rest, which keeps the main stem and 
reservoirs at the top of one’s mind. Finally, the mor-
phology of Reach 1 is comparatively hilly and has 
higher risks of erosion, along with a settlement pat-
tern of Amish families that have comparatively smal-
ler family farms resulting in a distinct sense of place 

(Zook 1994). The uneven distribution of benefits 
from the watershed highlights the importance of pub-
lic goods and services that contribute disproportio-
nately to human well-being and quality of life (Hale 
et al. 2019; Thiele et al. 2020).

Our social-ecological research approach identified 
areas of concern to support future resource manage-
ment and conservation (van Berkel and Verburg  
2014; Hirons et al. 2016). Given that most attention 
was directed toward the main stem of the river, 
participant knowledge of the broader basin was 
underrepresented. That is, places that were more dis-
tant from the Kaskaskia River tended to be under-
valued. For example, integration of the SWAT model 
with participatory mapping results showed that Crop 
Yield was negatively associated with crop production 
according to study participants. It could be that 
weaknesses in a participatory mapping process can 
be unveiled by ecological modelling results 
(Sherrouse et al. 2011). Moreover, there were weak 
relationships observed between Runoff and several 
perceived values such as erosion, possibly owing to 
lower knowledge of runoff processes. Indeed, runoff 
is a complex process that might not be widely under-
stood by non-experts. The increase in disvalues rela-
tive to proximity to the river could indicate that 
accessibility, knowledge, and remoteness may play 
a role in the values perceived by people. These results 
demonstrate that social and ecological data should be 
coupled and considered in concert to inform future 
management initiatives that aim to account for the 
importance of rivers to community members and 
thus support sustainable management of multifunc-
tional landscapes.

We examined how expert residents valued an agri-
cultural watershed to advance a process of balancing 
competing interests, prioritizing scarce resources, and 
incorporating public opinion in the decision-making 
process (Prokopy and Genskow 2016). In response to 
coupled social-ecological knowledge, we found 
potential evidence of tradeoffs among nature’s con-
tributions to people. Specifically, the strong inverse 
correlations between crop yield and the perceived 
value indices for recreation, erosion protection, and 
flood control demonstrated that participants realized 
the potential impacts of increased agricultural inten-
sification, despite the critical importance of crop pro-
duction as a benefit of agroecosystems (Acero et al.  
2022). This result may signal the potential for conflict 
among individuals who value agriculture over other 
important services such as recreation or biodiversity 
conservation (Henle et al. 2008). However, our 
approach of uniting community members to build 
interactional expertise through deliberation may pro-
vide a way forward to preemptively identify and 
circumvent contentious resource management topics. 
Given that facilitated dialogue has been shown to 
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shift values in previous research (Andrade et al.  
2023), it could be that our participatory research 
approach is used as a mechanism for future efforts 
to build social cohesion and more deeply understand 
sources of concern. We therefore contend that useful 
knowledge can be generated from the interactions 
among community members with different levels of 
expertise through reflections on the diverse range of 
benefits that emerge from their local environments 
(Carolan 2006).

Conclusions and management implications

We provide an integrated, publicly informed perspective 
of the values and disvalues of the Kaskaskia River 
Watershed. A diverse range of benefits and threats facing 
an agro-production system are showcased in response to 
in-depth focus group discussions and point data from 
participatory mapping exercises with expert community 
members. When combined with landscape metrics gen-
erated using a SWAT model, we show that most expert 
attention is directed toward areas in close proximity to 
the Kaskaskia River corridor, demonstrating its instru-
mental role in sustaining the provision of services to 
communities. Specifically, sections of the river (e.g. the 
northern and southern ends of the watershed) emerged 
as the epicenters of both values and disvalues that will 
require future policy and/or management attention. We 
also found discordances in our combined social and 
ecological data, indicating a potential lack of awareness 
of nature’s contributions to people originating outside of 
the main stem of the Kaskaskia River. This knowledge 
gap merits further consideration, as do management 
efforts focused on sustaining publicly available resources 
provided by agricultural watersheds.
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