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Abstract 19 

Introduction: Many stakeholders care more about how a restored landscape 20 

looks than about ecological design features, yet visual preferences for restored 21 

landscapes have rarely been evaluated. Restoration projects could benefit ecologically 22 
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from incorporating more heterogeneity at the project’s onset, but this impacts visual 23 

aesthetics. 24 

Objectives: We evaluated the visual preferences for different types and levels of 25 

habitat heterogeneity of two stakeholder groups.  26 

Methods: We developed a 3D interactive survey in Unreal Engine to evaluate 27 

participants visual perception of terrain variability, tree clustering, tree size variability, 28 

understory complexity, and large woody debris for riparian forests that were simulated 29 

from field and remote sensing data. Participants were grouped into either primarily 30 

biocentric (hiker, wildlife viewer, restoration ecologist) or utilitarian (fisher, hunter, 31 

farmer) land users.  32 

Results: Both participant groups had similar preferences for an intermediate 33 

level of habitat heterogeneity, though results differed for certain features. Biocentric 34 

stakeholders preferred landscapes with more variable topography and tree size, greater 35 

understory complexity, and more large woody debris than utilitarian participants. 36 

Biocentric and utilitarian participants had similar definitions for natural and for cared for 37 

landscapes. Utilitarian participants’ ideal understory complexity matched their definition 38 

of cared for, whereas biocentric participants’ ideal matched their definition of 39 

naturalness and visual complexity. 40 

Conclusions: Generally similar perceptions of landscapes by both utilitarian and 41 

biocentric participants may result from living in the same region. Nonetheless, their 42 

preferences differed slightly because of how each group moves through the landscape. 43 

Implications for Practice: Interactive visual exercises provide a way to codesign 44 

restoration projects with community members and potentially increase project 45 
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acceptance, but require considerable resources to create and need to be accessible for 46 

community members. When restoration projects are in heavily human-utilized areas 47 

they should balance aesthetic preferences of stakeholders and the regional cultural 48 

context shaping their landscape perception. This may require mowing or masticating 49 

understory vegetation in areas where visitors go off trail or near human developments 50 

where a visually messy understory is undesirable. Intermediate levels of heterogeneity 51 

can improve visual acceptance of riparian forests. People prefer large trees so restoring 52 

forests around existing large trees may provide visual, as well as ecological, benefits. 53 

Introduction 54 

Most ecological restoration projects focus on ecological outcomes (Martin & 55 

Lyons 2018) though there have been repeated calls for the importance of engaging 56 

stakeholders throughout the restoration process (Shackelford et al. 2013; Jellinek et al. 57 

2019; McAfee et al. 2021; Löfqvist et al. 2023). Restoration actively trades off between 58 

different ecological and social objectives depending on the landscape condition and the 59 

local context (Brancalion & Holl 2020). These social objectives can include local context 60 

such as historical use of an area, shared understanding of what is considered an 61 

aesthetically pleasing landscape, and the ability to use the area for local events and 62 

recreation. Stakeholder engagement can better integrate ecological and social needs, 63 

but a lack of shared vocabulary (Middleton et al. 2019) and the inability of stakeholders 64 

to clearly articulate desired environmental outcomes can present a barrier (Muñoz-65 

Erickson et al. 2010). Visual aesthetics often determines how stakeholders perceive 66 

projects and potentially influence project success or failure (Arsénio et al. 2020). For 67 

example, during a large restoration project along the Thur River, Switzerland, scenic 68 
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beauty was the only factor that consistently predicted acceptance across all villages 69 

studied (Seidl & Stauffacher 2013).  70 

Aesthetics are a commonly documented cultural ecosystem service (Hernández-71 

Morcillo et al. 2013), but community members often have divergent preferences for how 72 

a landscape should look (Tveit et al. 2006). Nonetheless, few restoration projects 73 

outside urban landscapes have considered incorporating aesthetics that match the 74 

preferences of the local community (Arsenio et al., 2020). Several notable projects that 75 

aim to improve ecological conditions have faced pushbacks because of an undesirable 76 

change to the visual landscape from the perspective of local community members. River 77 

rewilding from the Vezins Dam removal in France faced significant community pushback 78 

predominantly because of both concern around loss of the aesthetic landscape and 79 

flood risk (Boucher & Hudson 2023). When restoration projects align with local aesthetic 80 

preferences, they are more likely to receive long-term community care (Shepherd 81 

2004), which supports project success and permanence.  82 

Heterogeneity in Restoration 83 

Humans tend to homogenize natural landscapes through land-use practices 84 

(Doxa et al. 2012; Solar et al. 2015; Vellend et al. 2007), which can negatively impact 85 

conservation goals. For example, damming, pollution, erosion, and channelization have 86 

degraded and homogenized riparian ecosystems and in turn have reduced the 87 

establishment of flood-adapted plant communities (Fierke & Kauffman 2005). Restored 88 

habitats could often benefit from more heterogeneity of microhabitats and resource 89 

availability that increase ecosystem resilience and biodiversity (Larkin et al. 2016), key 90 

goals in most restoration projects (Gann et al. 2019). 91 
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Despite potential ecological benefits of heterogeneous habitats, some community 92 

members prefer more manicured habitats. Human desire for ordered landscapes 93 

(Kaplan & Kaplan 1989) can contrast with the ecological benefits of heterogeneity, as 94 

greater habitat heterogeneity does not necessarily align with visual preferences 95 

(Dronova 2017) and can even negatively impact them through perceived messiness 96 

(Zahawi et al. 2014). Nonetheless, the relationship between different types and amounts 97 

of habitat heterogeneity with visual aesthetics are not well understood and hence have 98 

been difficult to incorporate in landscape design (Junker & Buchecker 2008; Dronova 99 

2017). 100 

Environmental Aesthetics 101 

Human landscape preferences are influenced by numerous visual concepts 102 

which are influenced by heterogeneity (Dronova 2017; Tveit et al. 2006). Whereas past 103 

research has demonstrated relationships between individual visual concepts and 104 

specific types of heterogeneity (Junker & Buchecker 2008; McCormick et al. 2015; 105 

Gundersen et al. 2017), no comprehensive study has evaluated multiple types of 106 

heterogeneity and their relationships to several visual concepts within the same 107 

landscape context. Several ecological studies find a positive relationship between both 108 

species diversity and resilience with five types of habitat heterogeneity (Carey 2003; 109 

Larkin et al. 2016; Carrasco et al. 2019; Table S1). Visual studies find these same 110 

measures of heterogeneity can relate to an increase in perceived naturalness but a 111 

decrease in perceived care by humans of a landscape. Understanding the relationship 112 

between heterogeneity and several visual concepts could help project managers predict 113 

social responses to specific landscape designs (Salter et al. 2009). Several river 114 
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restoration studies have found that increased geo-morphological complexity increases 115 

the appeal of a landscape to the public by enhancing its perceived naturalness (Junker 116 

& Buchecker 2008; McCormick et al. 2015), but these studies did not evaluate public 117 

perception of other visual concepts such as care, which could help inform restoration 118 

designs that are more socially accepted (Nassauer 1995). 119 

Visual surveys often solicit the aesthetic judgment of participants with sets of 120 

images with real or manipulated photographs of various managed and wild habitats 121 

(e.g. Kaplan and Kaplan 1989, Han 2009, Buijs 2009, Sklenicka and Molnarova 2010). 122 

However, since heterogeneity effects are sensitive to scale, magnitude, and 123 

configuration, conventional visual surveys are less effective at evaluating heterogeneity 124 

preferences (Baer et al. 2016). Three dimensional (3D) computer-based surveys can 125 

represent complex landscape patterns, particularly when survey participants can 126 

change perspective interactively, which allows humans to derive more information from 127 

the scene (Chen & Xu 2016; Herbert & Chen 2015). This interactive component is 128 

important since subtle visual cues can substantially change human perception of 129 

landscapes (Nassauer 1995). 130 

Computer visualization studies can provide more realistic visual assessments 131 

because they can (1) control the simulated environment to only change specific 132 

indicators to be tested in a survey, (2) derive the visuals from accurate data that are 133 

mappable, and (3) can operate at multiple spatial scales (Ode et al. 2009). Additionally, 134 

interactive features like user-adjusted slider bars provide a way for participants to see 135 

the result of changing a single characteristic of their planned landscape in real time 136 
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(Grêt-Regamey et al. 2013), and more effectively communicate tradeoffs across various 137 

environmental and social scenarios (Salter et al. 2009). 138 

Aesthetics of Riparian Restoration 139 

Riverine ecosystems are one of the most visually preferred ecosystems (Ode et 140 

al. 2009), but also have faced exceptional and continued degradation since early 141 

civilization (Palmer & Ruhi, 2019), which has led to significant losses to biodiversity and 142 

visual aesthetics (Bernhardt & Palmer 2007). This degradation has been particularly 143 

extensive in floodplains from land conversion to agriculture because of the fertile soil 144 

and relatively flat terrain. River and floodplain restoration requires improving visual 145 

aesthetics for social benefits (Cairns et al. 2024), and habitat heterogeneity for 146 

ecological benefits (Bernhardt & Palmer, 2007), but many restoration projects prioritize 147 

one or the other (Palmer et al. 2005; Junker & Buchecker 2008; Conniff 2014). 148 

We created a visual survey for community members along the Sacramento River, 149 

the largest river in California, to study stakeholder perceptions and preferences for 150 

varying levels of heterogeneity across two measures of physical and three measures of 151 

vegetation heterogeneity (Table 1). This region is well suited to study heterogeneity 152 

preferences because the loss of about 95% of native riparian forests spurred large-153 

scale floodplain restoration beginning in 1989, and over 3,300 hectares of riparian 154 

habitat have been restored since then (Golet et al. 2013). Still, this effort has primarily 155 

focused on horticultural planting rather than restoring natural processes, with less 156 

heterogeneity than naturally recruiting forests. However, visual messiness associated 157 

with the heterogeneity of restored landscapes relative to adjacent orchard lands have 158 

increased farm owner concerns that restoration could convey plant, bird, and insect 159 
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pests into farmland, and this perception ultimately reduces willingness to sell these 160 

lands for restoration (Buckley & Haddad 2006; Buckley & Crone 2008; Langridge 2010; 161 

Buckley & Holl 2011). 162 

Table 1. Low and high variations of the types of heterogeneity studied. 163 

Heterogeneity      Low Heterogeneity        High Heterogeneity 

Topographic variability  

      ⬄  

Tree clustering 

      ⬄  

Tree size variability 

 ⬄  

Understory complexity 

 ⬄  

Large woody debris 

 ⬄  

 164 

  165 
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We aimed to determine whether visual preferences for riparian forest 166 

heterogeneity differ across biocentric (hiker, wildlife viewer) and utilitarian (fisher, 167 

hunter, farmer) stakeholder groups to understand how land use practices relate to 168 

landscape perceptions and the specific visual cues that drive this perception. Biocentric 169 

stakeholder groups primarily enjoy the intrinsic value of natural resources while 170 

utilitarian stakeholders focus more on practical benefits. Hence, we anticipated that 171 

biocentric participants would prefer higher levels of heterogeneity than utilitarian 172 

participants for all types studied (topographic, tree spacing, tree size variability, 173 

understory complexity, large woody debris), and that this preference would be closer to 174 

their definition of naturalness (Junker & Buchecker 2008). We predicted that utilitarian 175 

participants would prefer landscapes closer to their definition of cared for as prior work 176 

has suggested that interventions that show human care can make heterogeneity more 177 

attractive in rural communities (Nassauer 1995). 178 

Methods 179 

Study Region 180 

The study area encompassed rural and urban communities along the entire 610-km 181 

reach of the Sacramento River. The region is characterized by a Mediterranean climate 182 

with warm, dry summers and mild, wet winters. The Sacramento River catchment 183 

includes the Cascade, Sierra Nevada, Klamath, and Coast Range Mountains and flows 184 

from the northern Central Valley to the San Francisco Bay-Delta. The hydrology and 185 

geomorphology of this river system are heavily influenced by both Shasta Dam and a 186 

network of levees that hydrologically disconnect floodplains along much of the river.  187 
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Riparian forests in this area typically feature valley oak woodland, mixed riparian 188 

forest, and oak savannah habitats. Typical restoration practices included disking and 189 

then planting a mix of native riparian forest trees and shrubs in rows (Alpert et al. 1999). 190 

These projects have received extensive state and federal funding with added support 191 

from several non-governmental organizations that fund habitat management and 192 

restoration (Golet et al. 2013). Restoration lands are commonly bought from farmers 193 

and then managed over the long-term by federal and state agencies. 194 

Survey Technology and Design 195 

We used interactive computer-generated 3D riparian forests in Unreal Engine 196 

v5.2 to survey participants' visual preferences by allowing users to select between two 197 

landscapes with differing levels of heterogeneity and to design their own preferred 198 

landscape (Figure 1a & b). All landscapes could be rotated and enlarged to provide 199 

multiple perspectives. All survey sessions were streamed from a dedicated server using 200 

Pixel Streaming v5.2, which standardized the visuals and allowed participants to 201 

connect via phone, tablet, or computer. To simulate riparian vegetation, we purchased 202 

3D models for trees, shrubs, and grasses from the Unreal Marketplace and 203 

Artstation.com that looked similar to plant species along the Sacramento River. The 204 

final version of the survey incorporated feedback from several iterations of testing from 205 

pilot surveys, as well as from digital media and psychology researchers. 206 

 207 

 208 

 209 

 210 
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 211 

Figure 1. Examples of landscape selection and landscape design questions. The 212 

landscape selection question (a) shows two levels of tree size heterogeneity, on the left, 213 

(1) low heterogeneity shows even-sized trees, and on the right, (2) high heterogeneity 214 

shows variable-sized trees. The buttons on the bottom allow mobile users to control the 215 

perspective and show the option to select landscape 1, landscape 2, or no preference. 216 

The progress bar at the top shows the percentage of the survey remaining. The 217 
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landscape design question (b) allows the participant to rotate and zoom while changing 218 

heterogeneity levels in real time using interactive slider bars. 219 

The landscape selection questions tested four types of heterogeneity—tree 220 

clustering, tree size, topographic variability, and understory complexity (Table 1, Figure 221 

1a)—for four hypothetical young forests or field-measured tree location, stem diameter, 222 

and species data from four older riparian forests (Constantz et al. 2025). We asked 223 

participants to choose between pairs of low and high heterogeneity simulated riparian 224 

forests where one of the four types of heterogeneity was set to “high” in one forest 225 

simulation and “low” in the other, while the remaining three types remained constant to 226 

isolate the influence of a single factor on preference. High and low variants were 227 

generated using the R programming language (v4.4.0) (R Core Team 2022). 228 

To simulate old forests, we increased or decreased the variation in field data for 229 

each type of heterogeneity by a factor of three except for tree size variability by a factor 230 

of two. We used the R programming language to generate variations of tree 231 

heterogeneity by creating several versions of tree location, species, and size, as 232 

comma-separated value files, which we read into Unreal Engine. For topographic 233 

variability, we modified the amplitude of the digital elevation map from the National 234 

Elevation Program (USGS 2022). For trees, we adjusted the coefficient of variation of 235 

tree size and nearest neighbor distance for tree clustering. We modified the mean 236 

understory cover for understory complexity. 237 

We designed young riparian forests to mimic typical restoration plantings since 238 

we did not have field data for these forests. We used four distinct terrains to simulate 239 

topography on which restored and remnant riparian forests occur: oxbows, floodplains, 240 



 

13 
 

farms, and levee crowns. Tree clustering was based on row plantings (typical 241 

restoration method in this system) for low heterogeneity and planting in tree clusters for 242 

high heterogeneity designs. Tree size was represented by similarly-sized small stems 243 

for low heterogeneity or a mixture of both smaller and larger stems for high 244 

heterogeneity. Understory complexity varied in the density of herbaceous vegetation, 245 

vines, and shrubs, with low complexity having sparse vegetation to represent a mowed 246 

landscape and high complexity having dense vegetation that looks unmanaged. 247 

The landscape design question allowed participants to use interactive slider bars 248 

to select their preferred level of the four heterogeneity types mentioned previously, plus 249 

large woody debris (Figure 1b). We did not include large woody debris in the landscape 250 

selection questions, as we lacked field data for simulations. Participants could adjust the 251 

slider bars to a value between 0 to 1, where higher values were more heterogenous. 252 

Survey Questions 253 

The survey targeted community members 18 years or older living within ~40 km 254 

of the Sacramento River and ran from July 2023 to May 2024. Institutional review board 255 

approval was obtained before the start of the survey (UCSC Study #: HS-FY2022-305). 256 

We recruited participants through listservs targeting farming, fishing, hunting, 257 

conservation, botany, and wildlife viewing in the Sacramento Valley and Sacramento–258 

San Joaquin River Delta regions, farmers markets in Chico (using iPads for on-site 259 

completion), and word-of-mouth referrals. This resulted in 85 complete responses for 260 

the landscape selection portion of the questionnaire and 62 submissions for the 261 

landscape design question. To maintain the privacy and confidentiality of participants, 262 
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no personally identifiable information was collected (e.g. IP address, name, email, age, 263 

gender).  264 

Demographic information collected at the start of the survey included participants' 265 

proximity to the Sacramento River and up to two primary uses of riparian landscapes. 266 

Land use categories were based on US Fish and Wildlife's classification (hunting, 267 

fishing, wildlife and plant viewing) with the addition of farming and habitat restoration. 268 

For preferred land uses (up to two selections), 15 selected farming, 12 selected hunting, 269 

35 selected restoration, 27 selected fishing, and 69 selected plant and wildlife viewing. 270 

We did not have a sufficient sample size to subdivide user groups into individual land 271 

use categories for analysis, so we categorized land users as biocentric (i.e., consider 272 

the landscape to have value in-and-of itself) or utilitarian (i.e., consider the landscape to 273 

provide benefits for farming, hunting, or fishing). Based on participant selections, they 274 

were classified as biocentric if they only selected habitat restoration and/or plant 275 

viewing, or utilitarian if they selected fishing, hunting, or farming as one of their land 276 

uses; among utilitarian users 67.5% indicated fishing, 37.5% farming, and 30% hunting. 277 

Our survey consisted of two main components: 50 paired-landscape selection 278 

questions and a single landscape design question (Figure 1). To evaluate how 279 

naturalness, stewardship, and complexity relate with heterogeneity, we asked ‘What 280 

levels of heterogeneity make the landscape look most [natural, cared for, and 281 

complex]?’. To evaluate ideal levels of heterogeneity we asked, ‘What levels of 282 

heterogeneity do you prefer?’ We ultimately excluded the "disturbed" responses from 283 

our analysis as this concept proved problematic in riparian settings, which naturally 284 

experience flood disturbance. We also provided a "no preference" response for cases 285 
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when participants did not have a strong preference between high and low 286 

heterogeneity. 287 

The survey had 160 possible questions (5 visual concepts × 8 forest landscapes 288 

× 4 heterogeneity variables). To manage survey length and fatigue while ensuring 289 

statistical validity, we randomly assigned 50 questions to each participant, maintaining 290 

even distribution across all visual concepts and landscapes. We removed all duplicate 291 

questions by retaining only the first unique combination of concept, landscape, and 292 

heterogeneity variable from each participant. For the landscape design question, we 293 

included responses only if participants had actively engaged with the interface by 294 

moving all sliders from their starting positions and formally submitted their completed 295 

design. 296 

At the end of both the landscape and design selection portions of the survey, we 297 

invited participants to explain their decision-making process in an optional text response 298 

field. The analysis included 63 total written responses with relatively even distribution 299 

between the two participant categories (29 biocentric, 34 utilitarian). These qualitative 300 

responses helped supplement our quantitative findings by revealing factors that could 301 

drive group preferences. 302 

Survey Analysis 303 

We constructed separate Generalized Linear Models (GLMs) for each of the 304 

heterogeneity type as our independent variables and our stakeholder groups and visual 305 

concepts as our dependent variables. We used a group × visual concept interaction 306 

term and an estimated marginal means to test whether biocentric and utilitarian groups 307 

exhibited different probabilities of selecting high heterogeneity landscapes across visual 308 
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concepts. Our response variable was defined as a binary choice between high 309 

heterogeneity versus low heterogeneity, where “no preference” responses were 310 

removed, allowing us to employ the more statistically powerful binomial family rather 311 

than a multinomial approach. We applied a beta binomial distribution with a logit link for 312 

most models, as this appropriately handled individual-level proportions derived from 313 

varying numbers of questions per participant. For the tree clustering model, which failed 314 

to converge with the beta binomial distribution, we employed a standard binomial 315 

distribution. We evaluated model fit by checking dispersion and residuals using 316 

DHARMa diagnostics. We used a Student’s t-test to evaluate whether overall 317 

preference for heterogeneity values differed significantly from 0.5. 318 

We analyzed written responses using thematic coding techniques to identify 319 

patterns across participant groups regarding their underlying motivations for landscape 320 

preferences. We employed a two-pass coding approach to reduce responses to 321 

common themes, first conducting open coding to identify initial concepts, followed by 322 

axial coding to establish relationships between themes (Gutmann 2014). 323 

Results 324 

Heterogeneity Preferences 325 

Across all survey participants, respondents preferred high heterogeneity 326 

landscapes for tree size variability (Figure 2; t = 6.2, p < 0.001) and understory 327 

complexity (t = 3.2, p = 0.002) and had no consistent preference for topographic 328 

variability (t = 1.8, p = 0.075) or tree clustering (t = -1.4, p = 0.179). Participants had the 329 

highest frequency of selecting no preference for tree clustering (20.0 ± 4.5%) followed 330 

by topographic variability (14.8 ± 4.0%) (Figure S1). 331 
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 332 

Figure 2. Mean percentage (± SE) of selecting the high heterogeneity landscape for 333 

each heterogeneity type. Values represent the percentage of times participants chose 334 

high heterogeneity options, averaged across n = 85 participants. The dashed line shows 335 

a 50% chance of selecting high heterogeneity. 336 

In the landscape selection (Figure 3a, Table S2), but not the landscape design 337 

question (Figure 4, Table S3), biocentric participants preferred significantly greater 338 

topographic heterogeneity than utilitarian participants. Both groups had similar 339 

preferences for tree clustering in both the landscape selection and design questions 340 

(Figure 3b & 4; Table S2). Biocentric participants preferred more tree size variability in 341 

the landscape selection questions and large woody debris when designing a landscape 342 

(Figure 3c & 4; Table S2). In both landscape selection and design questions, biocentric 343 

participants preferred more understory complexity than utilitarian participants (Figure 3d 344 

& 4). 345 
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 346 

Figure 3. Mean percentage (± SE) of selecting the high heterogeneity landscape for (a) 347 

topographic variability (b) tree clustering (c) tree size variability and (d) understory 348 

complexity for n = 45 biocentric and n = 40 utilitarian participants. Questions were 349 

framed as “Which landscape looks more [visual concept]?” where the visual concepts 350 

are listed on the x-axis. Full statistical contrasts are listed in Table S2. ** p < 0.01, * p < 351 

0.05. The dashed line shows a 50% chance of selecting high heterogeneity. 352 

 353 
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 354 

Figure 4. Mean preferred heterogeneity percent (± SE) for each response variable by 355 

stakeholder category for biocentric (n = 34) and utilitarian participants (n = 30). Full 356 

statistical contrasts are listed in Table S3. *** p < 0.001, ** p < 0.01. The dashed line 357 

shows a 50% chance of selecting high heterogeneity. 358 

 359 

Visual Concept Definitions and Motivations 360 

Perceptions of which landscapes looked most natural and cared for did not differ 361 

significantly between stakeholder groups for any heterogeneity type (Table S2). 362 

Utilitarian participants saw cared for landscapes as similar to their preferences for 363 

topography, tree size, and understory complexity, unlike biocentric individuals whose 364 

landscape preferences more closely matched with what they perceived as natural 365 

(Table 2). Biocentric participants perceived visually complex landscapes as having 366 

greater variability in tree size than utilitarian participants. Utilitarian participants 367 

indicated that visually complex and natural landscapes were both more heterogeneous 368 

than their preferences for understory complexity. 369 
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Plant diversity was one of the most commonly stated reasons driving landscape 370 

selection though it was cited much more frequently by biocentric (48.3%) than utilitarian 371 

(14.7%) participants. Other common reasons for selecting between landscapes stated 372 

by biocentric participants included large trees (48.3%), shade (17.2%), intermediate 373 

understory complexity (17.2%), dense understory (17.2%), and naturalness (17.2%). 374 

Utilitarian participants shared fewer reasons that influenced their decisions, but common 375 

justifications included landscapes with high mobility (17.6%), intermediate understory 376 

complexity (14.7%), and greater farming quality (11.8%). 377 

 378 

Table 2. Estimated marginal means (z value) for the difference between a group’s 379 

preference and their definition of cared for, complex, and natural for each heterogeneity 380 

type. A negative value indicates that respondents’ definition of a visual concept is more 381 

homogenous than their preference. n = 45 for biocentric and n = 40 for utilitarian 382 

participants. *** p < 0.001, ** p < 0.01, * p < 0.05. 383 

Heterogeneity type Group Cared for    Complex     Natural 

Topographic variability Biocentric -1.18 (-3.14)**  -0.09 (-0.23)  -0.48  (-1.34) 

 
Utilitarian -0.27 (-0.82)  0.41 (1.23)  0.29  (0.85) 

Tree clustering Biocentric -0.08 (-0.23) -0.34 (-1.03)  0.22  (0.66) 

 
Utilitarian -0.24 (-0.71) -0.14 (-0.42)  0.02  (0.05) 

Tree size variability Biocentric -1.43 (-4.03)***  0.13  (0.32) -0.62 (-1.67) 

 
Utilitarian -0.55 (-1.64)  0.23  (0.71) -0.09 (-0.27) 

Understory complexity Biocentric -2.50 (-5.43)***  1.21  (2.28)  0.68  (1.41) 

 
Utilitarian -0.53 (-1.31)  1.84  (3.82)***  1.17  (2.68)* 
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Discussion 385 

Visual Perception of Riparian Landscapes 386 

Both biocentric and utilitarian user groups preferred an intermediate level of 387 

heterogeneity and considered natural landscapes to be more heterogeneous than cared 388 

for landscapes. These similar visual perceptions across groups could in part stem from 389 

what Hull et al. (2001) describe as cultural naturalness where perceived naturalness 390 

comes from the landscape to which individuals became accustomed to seeing around 391 

them. In contrast, differences in preferences, such as biocentric participants preferring 392 

slightly more topographic variability, tree size variability, and understory complexity, 393 

could be explained by the distinct ways they relate to a landscape relative to utilitarian 394 

participants (Nassauer & Faust 1997; Eaton 1999). 395 

 Vegetation and topographic heterogeneity provide a physical structure that 396 

creates a visually rich landscape (Häfner et al. 2018), as well as ecological benefits 397 

(Dronova 2017). Varied tree heights and older trees in the landscape increase the visual 398 

appeal of riverside cities (Paletto et al. 2013; Chen & Xu 2016), and are the most 399 

influential factor when designing forest landscapes (Lindemann-Matthies et al. 2010), in 400 

part by making forests visually distinct from plantations (Sklenicka & Molnarova 2010; 401 

Gundersen et al. 2017). Both topographic and understory heterogeneity make 402 

landscapes less monotonous and more visually distinct, but the optimal amount of 403 

heterogeneity depends on the landscape (Arnberger & Eder 2011a; Angileri & Toccolini 404 

1993). In our study, participants did not prefer high topographic variability or tree 405 

clustering, potentially because they can look messy or occlude visually rich elements 406 
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like the understory (Gundersen et al. 2017; Aminzadeh & Ghorashi 2007; Arnberger & 407 

Eder 2011a).  408 

Several differences in preferences between biocentric and utilitarian stakeholders 409 

may relate to varying mobility needs. Utilitarian stakeholders preferred less large woody 410 

debris, simpler understories, and flatter terrain than biocentric participants, which likely 411 

relates to their desire to be able to easily move through the landscape, as hunting and 412 

fishing often require people to walk off trails to find wildlife. Despite dense understories 413 

being visually appealing (Polat & Akay 2015), previous studies concur that people often 414 

prefer sparse understories when needing to walk through a landscape (Gundersen et al. 415 

2017; Arnberger & Eder 2011b). Moreover, prior research shows that participants can 416 

accurately perceive landscapes with more conservation value but visually prefer 417 

landscapes with more recreational value (Dramstad et al. 2001; Aminzadeh & Ghorashi 418 

2007). Biocentric participants in our study, mostly do activities that allow them to stay on 419 

the trail, and preferred landscapes that were more visually complex. This higher visual 420 

complexity would unlikely impede their movement and would enhance the scenic beauty 421 

and “naturalness” by increasing the plants, wildlife, and other visual elements they 422 

appreciate (Bartha et al. 2006; Junker & Buchecker 2008; Lindemann-Matthies et al. 423 

2010), and are missing in an orderly landscape like urban parks.  424 

Both participant groups, who all lived near the Sacramento River, visually defined 425 

both cared for and natural landscapes similarly. Both perception of naturalness (van 426 

Zanten et al. 2016; Piégay et al. 2005; Gundersen et al. 2017), and care are influenced 427 

by proximity to a landscape (Nassauer 1995; Hull et al. 2001). Both Sheppard (2001) 428 

and Lindemann-Matthies et al. (2010) describe preferred landscapes as a balance 429 
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between naturalness and care. Nonetheless we found each group preferred opposite 430 

ends of this spectrum rather than a blend, such that utilitarian participants preferred 431 

landscapes that looked cared for while biocentric participants preferred landscapes that 432 

looked more natural. This results is consistent with other studies suggesting that 433 

relationship to the land often better explains preference differences than differences in 434 

visual concept definitions (e.g. naturalness vs. cared for) (Gobster 1999; McCormick et 435 

al. 2015; Sklenicka & Molnarova 2010). 436 

Interactive Visual Surveys–strengths, limitations, and lessons learned 437 

Our 3D interactive visual survey illustrates that some restoration projects, 438 

particularly those where there is planned human recreational usage, could benefit from 439 

this approach. By being able to simulate real data, this survey platform can test multiple 440 

dimensions of a landscape individually. Rather than providing a fixed perspective, which 441 

can undermine transparency and stakeholder engagement (Downes & Lange 2015), our 442 

approach gives the participant the ability to control perspective, which may have also 443 

contributed to perception of subtle environmental differences. Using interactive visual 444 

surveys could provide new modes to interface between restoration planning teams and 445 

the public on environmental projects, architectural designs can be parsed into mappable 446 

data for game engines to make a similar survey. 447 

A few limitations of our visual survey suggest it might not be feasible or 448 

appropriate for certain stakeholder engagements and provide insights for future similar 449 

surveys. First, the survey was resource intensive to create and deploy, taking hundreds 450 

of hours to develop conceptually and programmatically. However, this software 451 

approach could be automated so future projects would only need to input their terrain, 452 
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vegetation models, and restoration designs to produce a new visual survey, which 453 

would take less time. This approach could include landscape restoration in highly 454 

trafficked areas in or near cities, where multiple visual preferences may need 455 

reconciliation (Gobster et al. 2007). Manipulating photographs of real landscapes and 456 

hosting the survey on a more standard survey platform, like Qualtrics, might provide 457 

useful feedback without the challenges of an interactive survey. Second, the lack of 458 

difference between groups’ preferences for tree clustering may have been due to an 459 

actual lack of preference or due to an inability to distinguish low and high versions of 460 

this feature in our survey, given that this variable had the highest rate of “no preference” 461 

responses. The depiction of tree clustering could be improved in a subsequent survey. 462 

Finally, additional survey participants would have strengthened our statistical 463 

power and further separated land user groups, but recruiting participants was 464 

challenging. Some people had issues connecting to the survey or lacked the computer 465 

knowledge to be able to complete the survey. We found that allowing people to 466 

complete the survey in a public setting (e.g., a farmers’ market) with verbal instructions 467 

from a research team member facilitated participation, so we recommend this approach 468 

for future similar surveys. 469 
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