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applica�on in landscape architecture prac�ce, theory, and for fostering transdisciplinary24 
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Abstract 27 

The accelera�ng biodiversity crisis, driven by habitat change and urbaniza�on, underscores the need 28 

to integrate ecological knowledge and landscape architecture. This paper introduces the Ecological 29 

Filter Framework (EFF), as a tool to foster this integra�on. By structuring complex ecological knowledge 30 

into tangible categories, the EFF is meant to empower prac��oners to shape environments with solid 31 

founda�on in the science of ecology. 32 

Grounded in modern community ecology and inspired by the Integrated Community Theory, the EFF 33 

structures ecological knowledge into five interconnected filters: dispersal, abio�c, bio�c, feedback, and 34 

aesthe�c factors. These filters provide a systema�c approach to understanding species assembly and 35 

community dynamics, enabling landscape architects to design biodiverse, resilient environments  36 

aligning ecological principles and project objec�ves. 37 

The EFF could serve as both a “checklist” for site analysis and a communica�on tool to support 38 

collabora�on between ecologists and landscape architects. This framework offers a pathway for 39 

deeper integra�on of ecology into landscape architecture, aimed at advancing both theory and 40 

prac�ce in response to global environmental challenges.  41 
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Introduc�on: 42 

Integra�ng ecology into landscape architecture: addressing the 43 

biodiversity crisis 44 

Ongoing and accelera�ng environmental deteriora�on causes the loss of biodiversity, consequently 45 

hampering ecosystem func�oning globally and therefore diminishing ecosystems’ ability to support 46 

human well-being. Among the five major drivers of this crisis, habitat change plays a central role, 47 

largely driven by human spa�al demands, with urbaniza�on emerging as a key contributor (IPBES 48 

2019). By 2050, an es�mated 68% of the projected global popula�on of 9.7 billion people will reside 49 

in urban areas (United Na�ons Department of Economic and Social Affairs 2018). This rapid 50 

urbaniza�on underscores the urgent need to design landscapes for human use in concordance with 51 

biodiversity. 52 

Landscape architecture plays a pivotal role in addressing this challenge and has strong ambi�ons to 53 

design environments for sustainability (IFLA World 2021)  and to support biodiversity in prac�ce (IFLA 54 

Europe 2023). This implicates a strong need to integrate ecological knowledge from planning and 55 

designing to realizing projects and their maintenance.  56 

The importance of this integra�on has concep�onally been recognized early on, e.g. in the design of 57 

Central Park, New York (Olmsted and Vaux 1858)). With the no�on of “design with nature” (McHarg 58 

1969) reference to the concurrently developing science of ecology (Haeckel 1866; Odum 1953) became 59 

explicit. Conceptualizing the integra�on of ecology in landscape prac�ces gained momentum in the 60 

end of the 20th century (Forman 1995; Dramstad 1996; Nassauer 1995) and con�nues to evolve (Ahern 61 

2005; Beck 2013; Steiner et al. 2019; Tabassum et al. 2020).  62 

With this development and the escala�ng biodiversity crisis an increasing number of landscape 63 

professionals are repor�ng ecologically focused prac�ces. However the integra�on of ecology into 64 

landscape architecture remains challenging (Breitschopf, Berthelot, et al., in prep). 65 

  66 
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Challenges in applying ecological knowledge in landscape architecture 67 

Both ecology and landscape architecture operate across mul�ple, interdependent levels of scale and 68 

are highly context dependent. While this shared complexity is a precondi�on that enables the 69 

disciplines’ integra�on, it also renders the process inherently challenging. 70 

The science of ecology seeks to explain the workings of the living world: how organisms interact with 71 

each other and their environments across space and �me (Begon and Townsend 2020). In itself 72 

interdisciplinary, ecology encompasses a wide range of organiza�on (individual organisms to 73 

ecosystems and biomes) spa�al and temporal scales (millimetres to the global scale; seconds to 74 

millennia) and includes complex feedback mechanisms, processes, and nonlinear dynamics (Levin 75 

1998; Holling 2001). This vast scope of ecology can offer essen�al insights into the structure and 76 

func�on of virtually all types of living systems that landscape architects may shape (including marine, 77 

freshwater and terrestrial systems). 78 

However, to integrate this wide range of  knowledge directly into the prac�ce of landscape architecture 79 

can be difficult (Ahern 2013). It requires reconciling ecological insights with site-specific objec�ves 80 

(Steiner 2011), visual impera�ves (Nassauer 1995; Steiner 2019), �melines, and prac�cal constraints 81 

of design interven�ons (Nassauer and Opdam 2008; Steiner 2011). Addi�onally, 82 

divergence in methods and terminology between the disciplines further contributes to the persistent 83 

challenge of applying ecological science in landscape design (Makhzoumi 2000). 84 

To bridge this gap, there is growing recogni�on of the need for frameworks that translate ecological 85 

knowledge into forms that are legible, ac�onable and scalable to designers—without dilu�ng its 86 

scien�fic rigor (Musacchio 2009; Ahern 2013; Qiu et al. 2025). 87 

Here we propose a framework that aims to structure ecological knowledge, outlining categories and 88 

logic, to make it tangible and applicable for landscape architects. The framework seeks to convey 89 

understanding of what ecological content maters, in which context it maters, and why it maters. It 90 

thereby aims to empower landscape architects to shape environments for people in concordance with 91 
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biodiversity, with a founda�on in ecological science. Furthermore, we aim to address the terminology 92 

gap to facilitate close collabora�on between ecologists and landscape architects. 93 

The Framework: 94 

Ecological communi�es and ecological filters 95 

“In nature nothing exists alone.”—Rachel Carson (1962), Silent Spring 96 

Ecological communi�es are groups of species that occur together at the same place and �me, 97 

interac�ng with one another the abio�c environment (Bowman and Hacker 2024). Species from all 98 

kingdoms are part of ecological communi�es: Bacteria and cyanobacteria; protozoa, algae and slime 99 

molds; fungi; plants; and animals. 100 

Virtually every landscape architecture project engages with ecological communi�es, whether by 101 

encountering thriving assemblages of species, their remnants or their absence. In each case, the act 102 

of design inherently involves decisions that affect, introduce, remove or exclude organisms on-site. 103 

This can modify community dynamics, making understanding the workings of ecological communi�es 104 

essen�al for informed interven�on. 105 

To support this informed decision making we propose the Ecological Filters Framework, grounded in 106 

modern community ecology. It is inspired by the Integrated Community Theory (ICT (Lor�e et al. 2004)) 107 

and the concept of ecological filtering (also termed assembly and response rules (Keddy 1992; Weiher 108 

and Keddy 1995; Götzenberger et al. 2012)) which conceptualizes how species assemble to ecological 109 

communi�es in nature. 110 

How species assemble to communi�es is an ongoing debate in community ecology that has evolved 111 

to integrate two historical perspec�ves: community assembly is influenced by random stochas�c 112 

processes (Hubbell 2001) AND determined by abio�c and bio�c factors at a given site (Lor�e et al. 113 

2004; Vellend 2010; Götzenberger et al. 2012). 114 

We take departure in this perspec�ve, formalized as the ICT by Lor�e et al. (2004), due to its compelling 115 

logical construc�on that encompasses the ideas of other community ecological theories. The ICT with 116 
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its concept of ecological filtering sets other ecological theories in a structured context more operable 117 

for applica�on in landscape architecture. 118 

Like the ICT, classical community theories interconnect the effects of abio�c factors with the bio�c 119 

interac�on of species, though they differ in focus. For instance, the Theory of Limited Similarity 120 

(MacArthur and Levins 1967) emphasized species’ abio�c niches, proposing that species can only 121 

coexist when their resource demands are sufficiently different from each other to avoid compe��on. 122 

This concept was adapted by Grime (1973) into the Theory of Competitive Exclusion which places 123 

greater emphasis on interspecific interac�ons, par�cularly compe��on. The Competition-Ruderal-124 

Stress Concept (Grime 1974) explains community assembly by angling the integra�on of abio�c and 125 

bio�c factors to grouping species into types according to their habitat. In contrast, the Intermediate 126 

Disturbance Hypothesis (Connell 1978) focuses on processes that shape species diversity in a 127 

community by combining abio�c stress and bio�c disturbance with compe��on and facilita�on. 128 

Ecological filtering, however, does not stress one of these foci as more important than the other, 129 

making it a good candidate for the basis of a versa�le and applicable framework for addressing mul�ple 130 

scales and objec�ves in landscape architecture. Moreover, it unites stochas�c, abio�c and bio�c 131 

factors as influen�al in separable yet interconnected and meaningful units, offering a structured approach 132 

applicable for landscape architecture. 133 

The Ecological Filters Framework (EFF): 134 

We adapt the concept of ecological filtering and the ITC with its metaphor of three filters – (1) 135 

stochas�c/dispersal factors, (2) abio�c factors, and (3) bio�c factors) – that exclude organisms from the 136 

global species pool (i.e. all species that exist) to form the local species pool (i.e. those species that 137 

coexist in a func�onal community at a specific loca�on and �me) (Lor�e et al. 2004). The filters are 138 

hierarchical in nature and conceptualized as categories that together explain community assembly. To 139 

tailor the framework to the needs of landscape architecture we expand it to include five filters (Figure 140 

1.) 141 
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We introduce feedback mechanisms (4), commonly understood as indirect interac�ons between 142 

abio�c and bio�c factors, as a separate filter to allow for an explicit integra�on of �me and process in 143 

landscape architecture. Furthermore, we add aesthe�c factors (5) as a filter to allow for the integra�on 144 

of people’s preferences �ghtly linking the framework to the prac�ce of landscape architecture with 145 

impera�ves for public acceptance.  146 

In the following sec�ons, we present the proposed framework both in text and diagram (Figure 1.) 147 

illustra�ng its poten�al applica�on with examples for each filter.  148 

 149 

Figure 1: The Ecological Filters Framework 150 

  151 
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Dispersal filter and stochas�c factors (1) 152 

The first category of factors influencing the assembly of an ecological community involves species' 153 

dispersal in rela�on to site loca�on. Species of the global species pool with their distribu�on too far 154 

away, hindered by barriers or lack of dispersal vectors (largely determined by chance, i.e. stochas�city), 155 

cannot reach the site and thereby cannot be part of the local species pool (Hubbell 2001; Lor�e et al. 156 

2004) 157 

Considera�ons for landscape architecture projects that could be inspired by the dispersal filter relate 158 

to managing dispersal barriers; whether and how it could be sensible to implement or overcome them. 159 

Both dispersal to and from site can be relevant. For example, projects that ar�ficially overcome the 160 

dispersal filter by impor�ng species may create an invasion risk to adjacent ecosystems. The import of 161 

ornamental plants, globally the dominant driver of plant species invasions (van Kleunen et al. 2018), 162 

falls under considera�ons categorized by the dispersal filter, warran�ng probing alterna�ve op�ons163 

such as e.g. relying on local na�ve species. Implemen�ng barriers for dispersal of poten�ally invasive 164 

species from site could become relevant to reduce invasion risks if their usage or presence is given. As 165 

just one of many examples we illustrate this with the case of the many-leaved or garden lupine (Lupinus 166 

polyphyllus). Originally introduced as an ornamental plant to Fennoscandia from North America, it was 167 

later used in railway construc�on for erosion control (Fremstad and Elven 2004). Human interference, 168 

first as a vector to overcome the dispersal barrier of long distance from one con�nent to another, now 169 

further allows Lupinus polyphyllus to disperse along railways as dispersal corridors (Fremstad and Elven 170 

2004). As a result, it is now member of local plant communi�es as a highly compe��ve species altering 171 

community structures and dynamics. 172 

Conversely, projects that rely on the local species pool could be informed by the dispersal filter to 173 

reduce local dispersal barriers allowing for expansion of nearby popula�ons. For example ensuring 174 

corridors for wind dispersed plants (Damschen et al. 2014) and removing barriers such as highly 175 

trafficked roads can encourage dispersal of the local flora and fauna to the site. In this case we draw 176 

on an example from the animal kingdom. To increase habitat connec�vity disrupted by road systems a 177 
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mi�ga�on project in northern England installed mul�ple tunnels to allow the dispersal of the great 178 

crested newt (Triturus cristatus) between breeding and non-breeding ponds. This allowed the great 179 

crested newt and other amphibians to expand their range and become part of local communi�es, 180 

thereby suppor�ng an intact food web in the ponds (Jarvis et al. 2019). 181 

Dispersal paterns are determined by species’ behaviour and habitat configura�on (Rayfield et al. 182 

2023). The dispersal filter, therefore, mo�vates to include analyses about the local species pool (na�ve 183 

and invasive animal, plant and microbial species) present or planned to be on site and surroundings. 184 

Addi�onally, it highlights the importance of examining the configura�on and fragmenta�on of habitats 185 

both on and adjacent to the site. This includes considera�ons of connec�vity beyond and within the 186 

site, as well as the func�ons of the landscape mosaic. The dispersal filter invites to strongly draw on 187 

principles and insights from landscape ecology. 188 

Abio�c filter (2) 189 

The second category of factors relevant to community assembly concerns local abio�c condi�ons and 190 

is also referred to as environmental filter (Kra� et al. 2015). Organisms that reach a site (i.e. pass filter 191 

1)  can only be part of the local community when the physicochemical condi�ons, that is abio�c factors192 

such as e.g. water availability and temperature regimes, on site fall within their tolerances (Keddy 193 

1992; Lor�e et al. 2004; Fraaije et al. 2015). 194 

The abio�c filter mo�vates to analyse the abio�c condi�ons on site enabling landscape architecture 195 

projects to iden�fy and adjust for poten�al mismatches between species selec�on and abio�c 196 

condi�ons, either with site manipula�on or adap�ng the species selec�on. For example, landscape 197 

contouring to influence water drainage (e.g. accumula�on of water in dips for higher moisture in the 198 

soil) or selec�ng plants of the local species pool that are adapted to the water availability on site 199 

(e.g. drought resistant species from the local species pool) could facilitate building thriving 200 

communi�es with high produc�vity and resilience. 201 

Here we illustrate with examples from two angles: adjus�ng species collec�on and/or water availability 202 

by crea�ng microclimates. An Australian study (Wynn 2009) highlights the importance of appropriate 203 
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species collec�on. The study found that drought resistant species from the local species pool, 204 

consistently outperformed exo�c ornamental species under different drought-stress and irriga�on 205 

regimes, making them water-efficient and resilient, requiring significantly less irriga�on to thrive.  206 

The tradi�onal rainwater-harves�ng technique of semi-circular bunds exemplifies how shaping the 207 

landscape can adjust limi�ng abio�c factors. An Iranian study  (Mousavi et al. 2019) found that these 208 

half-moon shaped soil-depressions effec�vely increase soil moisture which raised  the number of plant 209 

species and their abundance within them.  210 

Informa�on on factors such as water availability, abio�c soil condi�ons (pH, nutrient availability, 211 

texture, porosity…), temperature ranges, light and photoperiod, wind and pollu�on could support 212 

decision making in the design process and are found within the abio�c filter. 213 

Bio�c filter (3) 214 

Thirdly, community assembly is influenced by bio�c factors. Species that reach a loca�on and tolerate 215 

the abio�c condi�ons on-site (i.e. pass filter 1 and 2) can only be part of the local species pool when 216 

they are able to coexist (Grime 1973; Bruno, Stachowicz, and Bertness 2003; Lor�e et al. 2004; Kra� 217 

et al. 2015). Interac�ons between organisms steer their coexistence. Nega�ve interac�ons, such as 218 

compe��on for limi�ng resources, can result in compe��ve exclusion (Grime 1973). Posi�ve 219 

interac�ons such as facilita�on can be necessary for species to persist in the community (Brooker et 220 

al. 2008).  221 

The bio�c filter could support landscape architecture projects in leveraging  bio�c interac�ons on-site. 222 

Suppor�ng posi�ve interac�ons (facilita�on and mutualism) (Brooker et al. 2008), managing nega�ve 223 

interac�ons (compe��on and antagonism) and designing for niche complementarity can increase the 224 

number of species able to coexist (Godoy et al. 2020). This, in turn, can enhance ecosystem func�ons 225 

and thereby be instrumental for highly produc�ve, resilient and resistant communi�es (Reich et al. 226 

2012; Weisser et al. 2017; Godoy et al. 2020)  227 

Here we provide several examples from the plant world to illustrate both posi�ve and nega�ve bio�c 228 

interac�ons: 229 
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Studies from alpine environments (Molenda et al. 2012; Bonanomi et al. 2016) highlight the poten�al 230 

of including nurse plants in harsh environments (e.g. arid condi�ons, cri�cal temperatures or litle soil). 231 

These facilita�ng plant species enable other species to be part of the local community in areas with 232 

abio�c condi�ons otherwise intolerable to them, consequently increasing species richness (O’Brien et 233 

al. 2019). For example, moss campion (Silene acaulis), a cushion plant, has been found to lower abio�c 234 

stress (i.e. strong fluctua�ons in air temperature and soil moisture) within its canopy. This facilita�on 235 

allows a higher number of other plant and arthropod species to become part of local communi�es 236 

(Molenda et al. 2012; Bonanomi et al. 2016). Other facilita�on-based strategies could include 237 

suppor�ng plant-microbe-symbioses (Moreau et al. 2019). Mycorrhiza, the mutualis�c symbiosis 238 

between plants and fungal partners, is essen�al for plant fitness (Delavaux et al. 2017)). Similarly, the 239 

symbiosis between legume plants (e.g. clovers (Trifolium sp.) and nitrogen fixing bacteria (e.g. 240 

Rhizobia), supports plant growth. Including legumes therefore can enhance produc�vity of the whole 241 

community by increased soil-nitrogen content (Qiao et al. 2024). 242 

Addi�onally, designing for high niche complementarity with high species richness of primary producers 243 

can increase the likelihood for facilita�on to occur and resources of a given site to be used more 244 

completely which can result in higher produc�vity (Godoy et al. 2020) and contribu�ng to the 245 

appearance of lushness and greenness (Breitschopf, Feicht, et al., in prep). 246 

Conversely, the significance of avoiding compe��on and antagonism can be illustrated with studies on 247 

crowberry (Empetrum nigrum). The dwarf shrub has been found to chemically inhibit germina�on and 248 

growth of other plants species, i.e. antagonis�c allelopathy (González et al. 2015), thereby gaining a 249 

compe��ve advantage and causing the loss of other species from the community (Bråthen et al. 2024). 250 

The bio�c filter mo�vates analysis of bio�c interac�ons and biodiversity on-site: The iden�ty of rare 251 

and common species, func�onal groups and nature types on-site could provide valuable insights on 252 

which bio�c interac�ons steer the present community or that might be lacking. Furthermore, the 253 

number, rela�ve abundances and gene�c diversity of individuals, species and popula�ons are essen�al 254 
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factors for op�mizing ecosystem func�ons and therefore ecosystem services as poten�al benefits for 255 

landscape architecture projects.  256 

Feedback filter (4) 257 

Community composi�on changes over �me. We add feedback mechanisms, in the ITC commonly 258 

integrated with the abio�c and bio�c filter (Lor�e et al. 2004), as a separate category to stress the 259 

impact of temporal development and make it more operable for landscape architecture. Species 260 

ini�ally unable to cope with abio�c factors on site might be able to survive due to changing abio�c 261 

factors (filter 2) caused by the effects of prolonged presence of other species (filter 3). Or species that 262 

have been part of the community can be excluded over �me, due to increasing nega�ve ecological 263 

interac�ons (filter 2), (Connell and Slatyer 1977; Lor�e et al. 2004; Kra� et al. 2015) e.g. intra- and 264 

interspecific compe��on can increase over �me (Herben et al. 2003), soil pathogens can accumulate 265 

(Kulma�ski et al. 2008; Bezemer et al. 2018). 266 

The feedback filter mo�vates to analyse processes that influence community composi�on over �me. 267 

This could support landscape architecture projects in maintaining intended quali�es over �me or 268 

an�cipa�ng and designing their change. 269 

For example considering succession, the gradual and predictable change of community composi�on 270 

over �me (Meiners et al. 2015), could help to pin-point the desired ecosystem state and to implement 271 

measures for steering its development. We draw on a Norwegian study to illustrate. To halt the 272 

development from earlier successional stages, e.g. meadow vegeta�on to an increasing dominance of 273 

woody species such as shrubs and trees, people have used prescribed burning and shi�ing grazing 274 

regimes as intermediate disturbance to improve fodder quality since prewriten history (Vandvik et al. 275 

2005). On the island of Karmøy, land managers have revived this neglected tradi�onal prac�ce, 276 

successfully reducing woody biomass, reducing fire risk, improving fodder quality and controlling the 277 

spread of invasive Sitka spruce in endangered heather (Calluna vulgaris) heathlands.  278 
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The feedback filter captures processes that stabilize the community such as decomposi�on, nutrient-, 279 

water-, and carbon- cycling and the processes that can change them such as succession and plant soil-280 

feedbacks (van der Puten et al. 2013) are captured by the feedback filter. 281 

Aesthe�c filter (5) 282 

Addi�onal to the filters 1 to 4, ecological communi�es in landscapes for human use are influenced by 283 

factors �ed to people’s aesthe�c preferences. Whether intended as ornamenta�on, wind or view-284 

blockage, erosion preven�on or for other ecosystem services, the crea�on and maintenance of 285 

ecological communi�es in the vicinity of people is dependent on public acceptance (Anderson and 286 

Renaud 2021). This adds on to the filters that shape ecological communi�es without direct human 287 

context. To address this we expand the ICT with the aesthe�c filter as a separate category, linking 288 

ecological characteris�cs to how they are perceived and appreciated by people. 289 

The aesthe�c filter could inspire the selec�on of species, community characteris�cs and design 290 

principles that cater to people’s preferences. Here we exemplify with both abstract and applied 291 

studies. 292 

Hůla and Flegr (2016) showed that in the Czech Republic, people have dis�nct preferences concerning 293 

flower traits e.g. shape and colour. People preferred radial symmetry over complex  bilateral 294 

symmetry and appreciated blue flowers most, favouring yellow flowers least. 295 

Studying plant diversity in ar�ficial plant communi�es revealed that both biologists and lay-people 296 

appreciated communi�es with 16 species more than communi�es with lower species richness 297 

(Breitschopf and Bråthen 2023). 298 

And designing  flowerbeds with exclusively na�ve species in Northern Norway showed that while 299 

species-rich communi�es were generally appreciated, a fully ordered design decreased their appeal 300 

(Breitschopf, Feicht, et al., in prep) 301 

The aesthe�c filter mo�vates to analyse local cultural preferences for species selec�on and community 302 

characteris�cs. This could enable the use of design techniques such as e.g. cues to care and other 303 
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orderly frames to shape ecologically sustainable, biodiverse environments that also perform regarding 304 

sense of place, feeling of safety, inten�onality and control, enhancing public acceptance (Nassauer 305 

1995; Meyer 2008). 306 

Applica�on  307 

As this framework is intended as a tool tailored to needs of landscape architects, we want to outline 308 

how it may be applied. 309 

First and foremost its structuring character is intended to make the vast scope of ecological knowledge 310 

relevant for landscape architecture graspable. This would make it applicable in prac�ce and theory. 311 

The framework’s filters structure ecological knowledge into tangible en��es logically interconnected. 312 

In prac�ce this could serve as a “checklist” in site analysis to gain insights on the ecological condi�on 313 

and func�oning on-site. Consecu�vely inves�ga�ng the filters could dis�l main themes of importance 314 

to shaping thriving ecological communi�es in a given project. Some filters might be more relevant in a 315 

given context than others. In combina�on the filters could guide and inform decision making to 316 

approach project objec�ves, e.g. site manipula�on (filter 1+2), species or community type selec�on 317 

(filter 2+3+4), implemen�ng processes for maintenance or development over �me (filter 3+4) and 318 

design interven�ons to align ecosystem integrity and people’s preferences s (filter 3+4+5) (Breitschopf, 319 

Feicht, et al., in prep). Even though consecu�ve in logic the filters may need to be applied in differing 320 

order on site. 321 

We acknowledge that each filter might remain somewhat opaque, hopefully made more transparent 322 

with the examples throughout this text. Since the filters hold knowledge that can fall in the exper�se 323 

of differing sub-disciplines the framework could guide the search for an expert ecologist to support 324 

further analysis and dra�ing possible interven�ons. The framework may also serve as a 325 

communica�on tool between landscape architects and ecologists, fostering mutual understanding by 326 

bridging their ways of thinking and clarifying terminology. 327 
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This bridging can be taken further to theore�cal approaches at the interface of ecology and landscape 328 

architecture (e.g. Breitschopf, Berthelot, et al. (in prep)).  329 

The framework was shaped by and proofed instrumental in our teaching in courses of ecology for 330 

landscape architecture. We hope that the EFF, that emerged from our own inter- and transdisciplinary 331 

prac�ces in research, educa�on and on-site, can foster further and closer integra�on of ecology in 332 

landscape architecture. 333 

Author contribu�ons 334 

EB and KAB conceived the idea for the Ecological Filters Framework. EB developed the final form of 335 

the framework supported by KAB and TJC. EB led the manuscript wri�ng. All authors contributed 336 

cri�cally to the dra�s and approved its publica�on. 337 

Conflict of interest 338 

We have no conflict of interest to declare 339 

Acknowledgements 340 

This work was funded by a PhD Scholarship at UiT – the Arc�c University of Norway. We want to 341 

thank Aaron Feicht and Eimear Tynan for their contribu�on to the development of this framework in 342 

hands-on transdisciplinary design.  343 

Data availability statement 344 

There was no data involved in the prepara�on of this manuscript.  345 



16 
 

References 346 

Ahern. 2005. “Integra�on of Landscape Ecology and Landscape Architecture: An Evolu�onary and 347 

Reciprocal Process.” In Issues and Perspectives in Landscape Ecology, edited by Wiens and Moss, 348 

307–15. Cambridge Studies in Landscape Ecology. Cambridge: Cambridge University Press. 349 

htps://doi.org/DOI: 10.1017/CBO9780511614415.031. 350 

———. 2013. “Urban Landscape Sustainability and Resilience: The Promise and Challenges of 351 

Integra�ng Ecology with Urban Planning and Design.” Landscape Ecology 28 (6): 1203–12. 352 

htps://doi.org/10.1007/S10980-012-9799-Z. 353 

Anderson, and Renaud. 2021. “A Review of Public Acceptance of Nature-Based Solu�ons: The ‘Why’, 354 

‘When’, and ‘How’ of Success for Disaster Risk Reduc�on Measures.” Ambio 50 (8): 1552–73. 355 

htps://doi.org/10.1007/s13280-021-01502-4. 356 

Beck. 2013. Principles of Ecological Landscape Design. Island Press. 357 

Begon, and Townsend. 2020. Ecology: From Individuals to Ecosystems. John Wiley & Sons. 358 

Bezemer, Jing, Bakx-Schotman, and Bijleveld. 2018. “Plant Compe��on Alters the Temporal Dynamics 359 

of Plant-Soil Feedbacks.” Journal of Ecology 106 (6): 2287–2300. 360 

htps://doi.org/htps://doi.org/10.1111/1365-2745.12999. 361 

Bonanomi, S�nca, Chirico, Ciasche�, Saracino, and Incer�. 2016. “Cushion Plant Morphology Controls 362 

Biogenic Capability and Facilita�on Effects of Silene Acaulis along an Eleva�on Gradient.” 363 

Functional Ecology 30 (7): 1216–26. htps://doi.org/htps://doi.org/10.1111/1365-2435.12596. 364 

Bowman, and Hacker. 2024. Ecology. Edited by Hacker. Sixth edit. New York: Oxford University Press. 365 

Bråthen, Tuomi, Kapfer, Böhner, and Maliniemi. 2024. “Changing Species Dominance Paterns of 366 

Boreal-Arc�c Heathlands: Evidence of Bio�c Homogeniza�on.” Ecography 2024 (6): e07116. 367 

htps://doi.org/htps://doi.org/10.1111/ecog.07116. 368 

Breitschopf, Berthelot, Bruholt, Garfelt Paulesen, Jørgensen, Kebir, Samuelsson, Zielosko, 369 

Clemmensen, and Bråthen. n.d. “Integra�on of Ecological Knowledge in European Landscape 370 

Architecture: A Systema�c Project-Descrip�on Review.” Paper II in this thesis. 371 

Breitschopf, and Bråthen. 2023. “Percep�on and Apprecia�on of Plant Biodiversity among Experts and 372 

Laypeople.” People and Nature 5 (2): 826–38. htps://doi.org/10.1002/pan3.10455. 373 



17 
 

Breitschopf, Feicht, Tynan, Clemmensen, and Bråthen. n.d. “Tes�ng People’s Aesthe�c Preferences 374 

for Biodiverse Vegeta�on: Messiness Is Not a Problem.” Paper IV Paper II in this thesis. 375 

Brooker, Maestre, Callaway, Lor�e, Cavieres, Kunstler, Liancourt, et al. 2008. “Facilita�on in Plant 376 

Communi�es: The Past, the Present, and the Future.” Journal of Ecology 96 (1): 18–34. 377 

htp://www.jstor.org/stable/20143437. 378 

Bruno, Stachowicz, and Bertness. 2003. “Inclusion of Facilita�on into Ecological Theory.” Trends in 379 

Ecology & Evolution 18 (3): 119–25. htps://doi.org/htps://doi.org/10.1016/S0169-380 

5347(02)00045-9. 381 

Carson. 1962. Silent Spring. Boston: Houghton Mifflin. 382 

Connell. 1978. “Diversity in Tropical Rain Forests and Coral Reefs.” Science 199 (4335): 1302–10. 383 

htps://doi.org/10.1126/science.199.4335.1302. 384 

Connell, and Slatyer. 1977. “Mechanisms of Succession in Natural Communi�es and Their Role in 385 

Community Stability and Organiza�on.” The American Naturalist 111 (982): 1119–44. 386 

htp://www.jstor.org/stable/2460259. 387 

Damschen, Baker, Bohrer, Nathan, Orrock, Turner, Brudvig, Haddad, Levey, and Tewksbury. 2014. 388 

“How Fragmenta�on and Corridors Affect Wind Dynamics and Seed Dispersal in Open Habitats.” 389 

Proceedings of the National Academy of Sciences 111 (9): 3484–89. 390 

htps://doi.org/10.1073/pnas.1308968111. 391 

Delavaux, Smith-Ramesh, and Kuebbing. 2017. “Beyond Nutrients: A Meta-Analysis of the Diverse 392 

Effects of Arbuscular Mycorrhizal Fungi on Plants and Soils.” Ecology 98 (8): 2111–19. 393 

htps://doi.org/htps://doi.org/10.1002/ecy.1892. 394 

Dramstad. 1996. Landscape Ecology Principles in Landscape Architecture and Land-Use Planning. 395 

Cambridge, Massachusets: Harvard University, Graduate School of Design. 396 

Forman. 1995. Land Mosaics: The Ecology of Landscapes and Regions. Cambridge university press. 397 

Fraaije, ter Braak, Verduyn, Verhoeven, and Soons. 2015. “Dispersal versus Environmental Filtering in 398 

a Dynamic System: Drivers of Vegeta�on Paterns and Diversity along Stream Riparian 399 

Gradients.” Journal of Ecology 103 (6): 1634–46. htps://doi.org/htps://doi.org/10.1111/1365-400 

2745.12460. 401 



18 
 

Fremstad, and Elven. 2004. “Perennial Lupins in Fennoscandia.” In Wild and Cultivated Lupins from the 402 

Tropics to the Poles. Proceedings of the 10th International Lupin Conference, Laugarvatn, Iceland, 403 

19-24 June 2002, edited by E. van Santen, 178–183. Interna�onal Lupin Associa�on. 404 

Godoy, Gómez-Aparicio, Ma�as, Pérez-Ramos, and Allan. 2020. “An Excess of Niche Differences 405 

Maximizes Ecosystem Func�oning.” Nature Communications 11 (4180). 406 

htps://doi.org/10.1038/s41467-020-17960-5. 407 

González, Jun�la, Lindgård, Reiersen, Trost, and Bråthen. 2015. “Batatasin-III and the Allelopathic 408 

Capacity of Empetrum Nigrum.” Nordic Journal of Botany 33 (2): 225–31. 409 

htps://doi.org/htps://doi.org/10.1111/njb.00559. 410 

Götzenberger, de Bello, Bråthen, Davison, Dubuis, Guisan, Lepš, et al. 2012. “Ecological Assembly 411 

Rules in Plant Communi�es—Approaches, Paterns and Prospects.” Biological Reviews 87 (1): 412 

111–27. htps://doi.org/htps://doi.org/10.1111/j.1469-185X.2011.00187.x. 413 

Grime, J P. 1974. “Vegeta�on Classifica�on by Reference to Strategies.” Nature 250 (5461): 26–31. 414 

htps://doi.org/10.1038/250026a0. 415 

Grime, JP. 1973. “Compe��ve Exclusion in Herbaceous Vegeta�on.” Nature 242 (5396): 344–47. 416 

htps://doi.org/10.1038/242344a0. 417 

Haeckel. 1866. Generelle Morphologie Der Organismen: Allgemeine Grundzüge Der Organischen 418 

Formen-Wissenschaft, Mechanisch Begründet Durch Die von Charles Darwin Reformierte 419 

Descendenz-Theorie. Band 1: Allgemeine Anatomie. Band 2: Allgemeine Entwicklungsgeschichte. 420 

de Gruyter. 421 

Herben, Krahulec, Hadincová, Pecháčková, and Wildová. 2003. “Year-to-Year Varia�on in Plant 422 

Compe��on in a Mountain Grassland.” Journal of Ecology 91 (1): 103–13. 423 

htps://doi.org/htps://doi.org/10.1046/j.1365-2745.2003.00746.x. 424 

Holling. 2001. “Understanding the Complexity of Economic, Ecological, and Social Systems.” 425 

Ecosystems 4 (5): 390–405. htps://doi.org/10.1007/s10021-001-0101-5. 426 

Hubbell. 2001. The Unified Neutral Theory of Biodiversity and Biogeography. Princeton Unviersity 427 

Press. 428 

Hůla, and Flegr. 2016. “What Flowers Do We like? The Influence of Shape and Color on the Ra�ng of 429 

Flower Beauty.” PeerJ 2016 (6): e2106. htps://doi.org/10.7717/peerj.2106. 430 



19 
 

IFLA Europe. 2023. “The Role of Landscape Architects in Promo�ng Biodiversity.” 431 

IFLA World. 2021. “A Landscape Architecture Guide to the 17 Sustainable Development Goals.” In . 432 

htps://www.iflaeurope.eu/assets/docs/SDG%2BFINAL.pdf. 433 

IPBES. 2019. “Summary for Policymakers of the Global Assessment Report on Biodiversity and 434 

Ecosystem Services of the Intergovernmental Science-Policy Pla�orm on Biodiversity and 435 

Ecosystem Services.” Population and Development Review. Vol. 45. 436 

htps://doi.org/10.1111/padr.12283. 437 

Jarvis, Hartup, and Petrovan. 2019. “Road Mi�ga�on Using Tunnels and Fences Promotes Site 438 

Connec�vity and Popula�on Expansion for a Protected Amphibian.” European Journal of Wildlife 439 

Research 65 (2): 27. htps://doi.org/10.1007/s10344-019-1263-9. 440 

Keddy. 1992. “Assembly and Response Rules: Two Goals for Predic�ve Community Ecology.” Journal 441 

of Vegetation Science 3 (2): 157–64. htps://doi.org/htps://doi.org/10.2307/3235676. 442 

Kleunen, van, Essl, Pergl, Brundu, Carboni, Dullinger, Early, et al. 2018. “The Changing Role of 443 

Ornamental Hor�culture in Alien Plant Invasions.” Biological Reviews 93 (3): 1421–37. 444 

htps://doi.org/10.1111/brv.12402. 445 

Kra�, Adler, Godoy, James, Fuller, and Levine. 2015. “Community Assembly, Coexistence and the 446 

Environmental Filtering Metaphor.” Functional Ecology 29 (5): 592–99. 447 

htps://doi.org/htps://doi.org/10.1111/1365-2435.12345. 448 

Kulma�ski, Beard, Stevens, and Cobbold. 2008. “Plant–Soil Feedbacks: A Meta-Analy�cal Review.” 449 

Ecology Letters 11 (9): 980–92. htps://doi.org/htps://doi.org/10.1111/j.1461-450 

0248.2008.01209.x. 451 

Levin. 1998. “Ecosystems and the Biosphere as Complex Adap�ve Systems.” Ecosystems 1 (5): 431–452 

36. htps://doi.org/10.1007/s100219900037. 453 

Lor�e, Brooker, Choler, Kikvidze, Michalet, Pugnaire, and Callaway. 2004. “Rethinking Plant 454 

Community Theory.” Oikos 107 (2): 433–38. htps://doi.org/10.1111/j.0030-1299.2004.13250.x. 455 

Macarthur, and Levins. 1967. “The Limi�ng Similarity, Convergence, and Divergence of Coexis�ng 456 

Species.” The American Naturalist 101 (921): 377–85. htp://www.jstor.org/stable/2459090. 457 

Makhzoumi. 2000. “Landscape Ecology as a Founda�on for Landscape Architecture: Applica�on in 458 



20 
 

Malta.” Landscape and Urban Planning 50 (1): 167–77. 459 

htps://doi.org/htps://doi.org/10.1016/S0169-2046(00)00088-8. 460 

McHarg. 1969. Design with Nature. New York: J. Wiley. 461 

Meiners, Cadote, Fridley, Picket, and Walker. 2015. “Is Successional Research Nearing Its Climax? 462 

New Approaches for Understanding Dynamic Communi�es.” Functional Ecology 29 (2): 154–64. 463 

htps://doi.org/htps://doi.org/10.1111/1365-2435.12391. 464 

Meyer. 2008. “Sustaining Beauty: The Performance of Appearance.” JOURNAL OF LANDSCAPE 465 

ARCHITECTURE 3 (1): 6–23. 466 

Molenda, Reid, and Lor�e. 2012. “The Alpine Cushion Plant Silene Acaulis as Founda�on Species: A 467 

Bug’s-Eye View to Facilita�on and Microclimate.” PLOS ONE 7 (5): e37223. 468 

htps://doi.org/10.1371/journal.pone.0037223. 469 

Moreau, Bardget, Finlay, Jones, and Philippot. 2019. “A Plant Perspec�ve on Nitrogen Cycling in the 470 

Rhizosphere.” Functional Ecology 33 (4): 540–52. htps://doi.org/htps://doi.org/10.1111/1365-471 

2435.13303. 472 

Mousavi, Masoudi, and Gholami. 2019. “Effects of Semi- Circular Bunds on Composi�on, Biodiversity 473 

and Biomass Changes of Vegeta�on in Semi-Arid Rangelands of Bushehr Province.” Desert 474 

Ecosystem Engineering Journal 2 (2): 23–30. htps://doi.org/10.22052/jdee.2020.173255.1048. 475 

Musacchio. 2009. “The Scien�fic Basis for the Design of Landscape Sustainability: A Conceptual 476 

Framework for Transla�onal Landscape Research and Prac�ce of Designed Landscapes and the 477 

Six Es of Landscape Sustainability.” Landscape Ecology 24 (8): 993–1013. 478 

htps://doi.org/10.1007/s10980-009-9396-y. 479 

Nassauer. 1995. “Messy Ecosystems, Orderly Frames.” Landscape Journal 14 (2): 161–70. 480 

Nassauer, and Opdam. 2008. “Design in Science: Extending the Landscape Ecology Paradigm.” 481 

Landscape Ecology 23 (6): 633–44. htps://doi.org/10.1007/s10980-008-9226-7. 482 

O’Brien, de Menezes, Bråthen, Losapio, and Pugnaire. 2019. “Facilita�on Mediates Species Presence 483 

beyond Their Environmental Op�mum.” Perspectives in Plant Ecology, Evolution and Systematics 484 

38: 24–30. htps://doi.org/htps://doi.org/10.1016/j.ppees.2019.03.004. 485 

Odum. 1953. “Fundamentals of Ecology.” In The Future of Nature Documents of Global Change, edited 486 



21 
 

by Robin, Sörlin, and Warde, 233–44. Yale University Press. 487 

htps://doi.org/doi:10.12987/9780300188479-022. 488 

Olmsted, and Vaux. 1858. Description of a Plan for the Improvement of the Central Park ‘Greensward’. 489 

New York: The Aldine Press. htps://www.gutenberg.org/ebooks/73830. 490 

Puten, van der, Bardget, Bever, Bezemer, Casper, Fukami, Kardol, et al. 2013. “Plant–Soil Feedbacks: 491 

The Past, the Present and Future Challenges.” Journal of Ecology 101 (2): 265–76. 492 

htps://doi.org/htps://doi.org/10.1111/1365-2745.12054. 493 

Qiao, Sun, Wang, Dumack, Xie, Dai, Wang, et al. 2024. “Legume Rhizodeposi�on Promotes Nitrogen 494 

Fixa�on by Soil Microbiota under Crop Diversifica�on.” Nature Communications 15 (1): 2924. 495 

htps://doi.org/10.1038/s41467-024-47159-x. 496 

Qiu, Nassauer, Ahern, Huang, Reed, Ding, Guo, et al. 2025. “Advancing Landscape Sustainability 497 

Science: Key Challenges and Strategies for Integra�on with Landscape Design and Planning.” 498 

Landscape Ecology 40 (2): 25. htps://doi.org/10.1007/s10980-024-02042-4. 499 

Rayfield, Baines, Gilarranz, and Gonzalez. 2023. “Spread of Networked Popula�ons Is Determined by 500 

the Interplay between Dispersal Behavior and Habitat Configura�on.” Proceedings of the 501 

National Academy of Sciences of the United States of America PNAS. Washington, D.C. : 502 

htps://doi.org/10.1073/pnas.2201553120. 503 

Reich, Tilman, Isbell, Mueller, Hobbie, Flynn, and Eisenhauer. 2012. “Impacts of Biodiversity Loss 504 

Escalate through Time as Redundancy Fades.” Science 336 (6081): 589–92. 505 

htps://doi.org/10.1126/science.1217909. 506 

Steiner. 2011. “Landscape Ecological Urbanism: Origins and Trajectories.” Landscape and Urban 507 

Planning 100 (4): 333–37. htps://doi.org/htps://doi.org/10.1016/j.landurbplan.2011.01.020. 508 

———. 2019. “Toward an Ecological Aesthe�c.” Socio-Ecological Practice Research 1 (1): 33–37. 509 

htps://doi.org/10.1007/s42532-018-00004-0. 510 

Steiner, Weller, M’Closkey, and Fleming. 2019. “Design in the Anthropocene.” In Design with Nature 511 

Now. Cambridge, Mass: Lincoln Ins�tute of Land Policy. 512 

Tabassum, Ossola, Manea, Cinantya, Fernandez Winzer, and Leishman. 2020. “Using Ecological 513 

Knowledge for Landscaping with Plants in Ci�es.” Ecological Engineering 158: 106049. 514 

htps://doi.org/htps://doi.org/10.1016/j.ecoleng.2020.106049. 515 



22 
 

United Na�ons Department of Economic and Social Affairs. 2018. “2018 Revision of World 516 

Urbaniza�on Prospects.” Edited by DIVISION. Department of Economic and Social Affairs. 517 

htp://esa.un.org/unup/. 518 

Vandvik, Heegaard, Måren, and Aarestad. 2005. “Managing Heterogeneity: The Importance of Grazing 519 

and Environmental Varia�on on Post-Fire Succession in Heathlands.” Journal of Applied Ecology 520 

42 (1): 139–49. htps://doi.org/htps://doi.org/10.1111/j.1365-2664.2005.00982.x. 521 

Vellend. 2010. “Conceptual Synthesis in Community Ecology.” The Quarterly Review of Biology 85 (2): 522 

183–206. htps://doi.org/10.1086/652373. 523 

Weiher, and Keddy. 1995. “The Assembly of Experimental Wetland Plant Communi�es.” Oikos 73 (3): 524 

323–35. htps://doi.org/10.2307/3545956. 525 

Weisser, Roscher, Meyer, Ebeling, Luo, Allan, Beßler, et al. 2017. “Biodiversity Effects on Ecosystem 526 

Func�oning in a 15-Year Grassland Experiment: Paterns, MechaniWeisser, Wolfgang W., 527 

Chris�ane Roscher, Sebas�an T. Meyer, Anne Ebeling, Guangjuan Luo, Eric Allan, Holger Beßler, 528 

et Al. 2017. “Biodiversity Effects on E.” Basic and Applied Ecology 23: 1–73. 529 

htps://doi.org/10.1016/j.baae.2017.06.002. 530 

Wynn. 2009. “Water Use Efficiency and Drought Resistance in Ornamental Plants.” 531 

 532 


	Abstract
	Introduction:
	Integrating ecology into landscape architecture: addressing the biodiversity crisis
	Challenges in applying ecological knowledge in landscape architecture

	The Framework:
	Ecological communities and ecological filters
	The Ecological Filters Framework (EFF):
	Dispersal filter and stochastic factors (1)
	Abiotic filter (2)
	Biotic filter (3)
	Feedback filter (4)
	Aesthetic filter (5)

	Application

	Author contributions
	Conflict of interest
	Acknowledgements
	Data availability statement
	References



