
Consider the once great prairie. Ranging from the foothills of the Rocky Mountains to the ragged edge 
of the eastern deciduous forest, the American prairie encompassed an array of different communities 
and ecosystems, including shortgrass prairie, sand prairie, pothole wetlands, and oak savanna. Each 
of these ecosystems was filled with a panoply of plant and animal life (fig. 5.1). A recent 24-hour 
bioblitz on the American Prairie Preserve in Montana turned up 480 species, including 26 fungi and 
76 birds (Billings Gazette 2011). Diverse prairies are found mostly in preserves these days or between 
the headstones of settlers’ cemeteries. As the country pursued its manifest destiny, prairie gave way to 
farmlands, ranches, interstate highways, and sprawling subdivisions. Its interwoven plant communities 
became millions of acres of corn, wheat, sunflowers, and bluegrass lawns.

Since life began on Earth, species have come and gone. On average about one species per million 
has gone extinct each year. Where, for instance, are the dinosaurs and the armored fish of prehistoric 
seas? Species evolve into something else, or die out singly, or at several points in geologic history have 
been wiped out en masse by atmospheric change, shifting continents, global cooling, shrinking seas, 
and asteroid collision. Today we are in the midst of another mass extinction, this one driven by human 
beings. The loss of species began as humans spread across the planet, killing large wildlife such as 
wooly mammoths (Mammuthus primigenius) in Europe and North America and moa in New Zealand. 
We have also intentionally and accidentally introduced exotic animals and diseases that have devastat-
ed local species. Above all, since the advent of agriculture, we have transformed the global landscape, 
replacing diverse natural ecosystems with simplified, human-managed systems (see chap. 10). It is 
difficult to pinpoint the extent of extinctions going on today, in part because we are still identifying new 
species every day. In their 2003 assessment of global biodiversity, however, Rodolfo Dirzo and Peter 
Raven found evidence of species loss at rates 1,000 times higher than the geologic background rate. 
Given these figures, they concluded, “It is reasonable, although pessimistic, to envision the loss of two 
thirds of the species on Earth by the end of the twenty-first century” (2003: 164).
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Absolute loss of species tells only part of the story, however. Biodiversity, a shortened form of 
biological diversity, refers to the sum total of inherited variation in all the living organisms of a given 
area (Wilson 2010). It includes all scales of biological variation, from the biome to the population. 
A community that retains many species from only one or two families is arguably less diverse than a 
community that includes fewer species from more families. When local ecotypes of plants and animals 
are lost, biodiversity is reduced, even though the species live on.

The biological riches of this planet are still only partially explored, and they almost certainly contain 
untapped resources for medicine and agriculture. They also represent the product of hundreds of millions 
of years of evolution and have an intrinsic value for their rarity and irreplaceability. Crucially, the many spe-
cies and populations, known and unknown, contribute to the functioning of ecosystems across the planet. 
Biodiversity, E. O. Wilson (2010: 15) concluded, “is the key to the maintenance of the world as we know it.”

Ecologists distinguish between alpha, beta, and gamma diversity (Whittaker 1972). Alpha diversity 
is equivalent to the species richness within a community (see chap. 2). If two nearby ecosystems each 
have their own alpha diversity, beta diversity is a measure of how many species each has that are not 
present in the other. It quantifies the unique contribution that each ecosystem makes to overall diver-
sity. Gamma diversity is the total number of species in the region or area being studied.

Figure 5.1   Prairies, such as this one at the Midewin National Tallgrass Prairie in Illinois, are home to hundreds 
of species. (Photo courtesy of the US Fish and Wildlife Service.)
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Regions with high gamma diversity have many different species organized in multiple contiguous 
ecosystems. Conservationists are especially concerned with endemic species, those that appear in 
one area and nowhere else. Areas that have large numbers of endemic species, and that are under 
development pressure, are known as biodiversity hotspots (Myers et al. 2000). In the United States, 
the California Floristic Province, stretching from southern Oregon to Baja, contains more than two 
thousand endemic plant species and is threatened by the expansion of agricultural and urban areas. 
Natural areas within biodiversity hotspots merit a high level of protection. Even where evolution has 
not produced endemic species, local ecotypes may be present and make an important contribution to 
overall biodiversity (see chap. 1).

From the perspective of a site designer interested in biodiversity conservation, whether working in a 
diversity hotspot or not, it is important to assess how the alpha diversity of the site contributes to the 
gamma diversity of the region. Does a site contain any locally rare species or recognized ecotypes? Is 
it a continuation of surrounding habitats, with low beta diversity, but allowing for increased population 
sizes and connectivity (see chap. 9)? Or is it a different ecosystem type, with high beta diversity? Are 
there opportunities to increase beta and gamma diversity by reintroducing locally extirpated species?

Ecologists also assess the evenness of species distribution in an area. As we saw before, within 
a community, some species are more abundant than others (see chap. 2). Is an area dominated by 
a single species, or are there good-sized populations of many different organisms? Reading tallies of 
biodiversity, you might come across mention of the Shannon–Wiener index, which is a common mea-
surement that combines species richness with an assessment of evenness.

The richness and evenness of species in an ecosystem affect how that ecosystem functions, how 
well it converts sunlight to biomass, for instance, or cycles nitrogen, or provides habitat (see chap. 4). 
If a hypothetical ecosystem were made up of just one species, its functions would be exactly those of 
that species. If it were dominated by one species, even though others were present, the functions of 
the ecosystem would be largely those of that species. When multiple species combine and have large 
enough populations to play substantial roles, however, the functions of the ecosystem are derived from 
multiple sources. Ecologists have demonstrated that this increases ecosystem function, allows ecosys-
tems to perform multiple functions more effectively, and keeps these functions stable over time and in 
the face of changing conditions.

Biodiversity is important for designers, then, not only because we have the potential to both disrupt 
and preserve natural biodiversity but because it influences the performance of the communities and 
ecosystems we design. If our designed communities are to persist and flourish, and if our constructed 
ecosystems are to provide ecosystem services, they must include appropriate levels of biodiversity. As 
designers, we need to understand how biodiversity works.

Design the Built environment to support BioDiversity
Although the conversion of natural ecosystems to plantations, agriculture, and urban development is 
largely responsible for the current extinction crisis, built landscapes harbor a considerable number of 
species and have the potential to play a more meaningful role in biodiversity conservation (fig. 5.2).

Attention to the conservation value of the built environment is especially high in Europe, perhaps 
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because of the longer history of development there. In Leicester, England, Jennifer Owen (2010) docu-
mented 474 species of plants, 1,997 species of insects, and 64 vertebrates over 30 years in her 
suburban garden. In samples taken across Berlin, Stefan Zerbe and his colleagues (2003) found as 
many as 513 plant species in a given 8-square-kilometer area. Both authors included native and non-
native species in their counts. Owen argued that the high species diversity of her garden resulted from 
her activity as a gardener, intentionally maintaining “contrived plant diversity” and “extreme structural 
heterogeneity.” However, Zerbe found the highest levels of species diversity in areas that experienced 
the least intensive human management, including neglected yards and an abandoned railyard along 
the old Berlin Wall.

Built landscapes can help protect regional biodiversity. Landscapes that suit a biome will better 
maintain the life of that area than will generic lawns and trees (see chap. 1). Planting ecotypic plant 
material will help maintain those populations. Landscapes also have the potential to serve as ex situ 
conservation sites for plant species. The Center for Plant Conservation (http://www.centerforplantcon-
servation.org) works with botanic gardens and arboreta to maintain living examples of endangered 
native plants in order to preserve them from extinction and to facilitate restoration efforts. Whereas the 
average property owner might not have the horticultural knowledge, long-term commitment, or concern 

Figure 5.2   Even highly urbanized areas such as Manhattan host a surprising number of species, both native 
and introduced. But is this biodiversity ecologically significant? (Photo by Sarah Paulson.)
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for the genetic integrity of the species necessary to maintain rare plants, many avid gardeners would. 
Also, properly sited long-lived plants could easily persist in designed landscapes until a future time 
when they could provide pollen, seeds, or cuttings for restoration efforts. For example, the franklinia 
tree (Franklinia alatamaha) has been extinct in its wild home along the Altamaha River in Georgia since 
the early nineteenth century but persists in cultivation from specimens collected by early American 
botanists John and William Bartram.

The point of fostering biodiversity in the built environment is not simply to collect a large number 
of species or to pack our gardens with museum-like collections of endangered plants, however. Martin 
Quigley (2010) argued that the apparent biodiversity of urban areas is not ecologically meaningful, as 
most landscape plantings are small in scale, disconnected, taxonomically concentrated in a few fami-
lies, ephemeral, and not structured to produce ecological function. For biodiversity to be ecologically 
meaningful in the built environment, it must become operative.

The biodiversity we plan and plant becomes operative when it supports a larger web of life than 
would a simplified landscape (see chap. 7). It becomes operative when it ties together the built envi-
ronment and the remnants of native ecosystems (see chap. 9). It becomes operative when it permits 
the landscapes we install to evolve and adapt over time. Finally, and the idea we will examine through 
most of the remainder of the chapter, biodiversity becomes operative in the built environment when it 
helps us create ecosystems that function well and provide services that we need (see chap. 4).

invasive species threaten BioDiversity
Land development reduces biodiversity not only by converting and fragmenting habitat but also by 
promoting invasion by exotic species. Disturbance opens up patches of habitat (see chap. 8). Plants 
have different evolutionary strategies, and some are adapted to reproduce quickly in disturbed areas 
or to compete strongly in productive environments (see chap. 3). Dispersal is a critical factor in what 
plants grow where and become part of a community after disturbance (see chap. 1). Together these 
factors provide the ecological recipe for the widespread biological invasions we are experiencing today.

Even where humankind has not demolished natural ecosystems with bulldozers, we have altered 
their dynamics through fire suppression, overgrazing, pollution, and removal of keystone species. At 
the same time we have purposefully and inadvertently moved thousands of species of plants, animals, 
fungi, and microorganisms around the globe. Many of the species that have followed us closely are 
adapted to disturbance or are generalist species. These species have entered into regional species 
pools and become part of communities that are resorting themselves in the wake of both direct and 
indirect human disturbances (Hobbs 2000).

Invasive species can disrupt the functioning of native ecosystems (fig. 5.3). Purple loosestrife 
displaces native species in the wetlands it invades, and its dense stands reduce habitat for ducks 
and turtles. Cheatgrass (Bromus tectorum) can dominate rangelands in the Great Basin, reducing the 
growth of native grass and forb species. As a winter annual, it dries out midsummer and can make 
grasslands more fire susceptible. Increased fire frequency prevents the reestablishment and growth 
of indigenous shrubs. Cheatgrass-dominated communities can now be found over millions of acres in 
Idaho and Utah. Then there are introduced pathogens such as chestnut blight (Cryphonectria para-
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sitica), which has eliminated the previously dominant chestnut tree (Castanea dentata) from eastern 
forests, and pests, such as the Asian longhorned beetle (Anoplophora glabripennis), which threatens 
hardwood trees across North America.

According to analysis done by David Pimentel, Rodolfo Zuniga, and Doug Morrison at Cornell 
University (2005), 42 percent of species on the endangered and threatened lists in the United 
States are threatened primarily by competition with or predation by invasive species. As humans 
degrade habitat and invasive species spread, we risk the extirpation of endemic species across 
the planet and the rise to dominance of global generalists. Science writer David Quammen (1998) 
called this scenario of proliferating cockroaches and gray squirrels, house sparrows, and cheatgrass 
the “Planet of Weeds.”

Life on a planet of widely dispersed plant and animal species is not unremittingly grim, however. 
A few invasive plants fill unoccupied niches and do not directly affect native species. In some cases, 
exotic species have a facilitative effect on native animals and plants by serving as a food source, acting 
as pollinators or seed dispersers, providing nesting cover, or releasing native species from predation 
pressure. Often the interactions of exotic species with native ecosystems are complex, positively af-
fecting some native species and ecosystem processes while negatively affecting others (Goodenough 
2010). Above all, invasive exotic species are new members of the (often already disrupted) communi-

Figure 5.3   Purple loosestrife can completely dominate wetlands it invades, such as this one in Boxborough, 
Massachusetts, reducing biodiversity. (Photo by Liz West, under Creative Commons Attribution 2.0 Generic 
license.)
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ties they have intruded on. They are both a further tear to the fabric of these communities and, in many 
cases, one of the threads that these communities will have to use to reweave themselves over time 
(see chap. 10).

eschew invasive species, incluDing those not yet listeD
Many of the worst invasive plants were intentionally planted for horticultural or restoration purposes. 
Cogongrass (Imperata cylindrica), originally from Asia, was planted in the southeastern United States 
as fodder and as an ornamental plant. It spreads from rhizomes and seeds to create dense mats that 
displace native vegetation and alter the fire ecology of invaded communities. Salt cedar (Tamarix) 
was used as an ornamental and for windbreaks before escaping to dominate riparian environments 
throughout the Southwest.

Given the economic costs and environmental problems of invasive species, the federal government 
and many state governments have listed the most notorious noxious weeds that are not permitted for 
importation or trade (US Department of Agriculture 2011). Additionally, numerous universities and 
environmental groups have prepared lists of invasive plants that are not recommended for planting in 
particular localities. The species on these lists are demonstrated nuisances and should not be propa-
gated, planted, or allowed to establish themselves on project sites.

Of course, many of these plants are already established on public and private lands across the 
country. Landscape designers and land managers will probably encounter these plants as part of their 
projects and should plan for their management or eradication, particularly where restoration efforts can 
be made immediately.

The trickier question is how to identify the plants that are available now in the nursery trade but 
may cause problems in the future. There is often a lag time between introduction and invasion, so the 
problem species of the next several decades are probably already among us. Not every exotic plant will 
escape cultivation and become a noxious weed, though. Only a fraction of the alien plants introduced 
to our shores will appear spontaneously in the wild, only a fraction of these will develop self-sustaining 
populations, and only a fraction of these will run rampant over native ecosystems.

There are useful clues by which to judge the potential invasiveness of a plant one is considering for 
inclusion in a design. First, is the plant listed as invasive elsewhere? Butterfly bush (Buddleja davidii), 
for instance, is invasive in Great Britain and appears on Washington and Oregon state invasive lists, 
yet it can be easily found at garden centers in other parts of the United States. If one’s area has a 
similar climate and environmental qualities to a place where a plant is listed as invasive, it might be 
best to stay away from it. Second, are close relatives of the plant listed? The fact that diffuse knapweed 
(Centaurea diffusa) is an incredibly noxious weed might cause one to think twice about the charming 
naturalizing habit of bachelor’s button (Centaurea cyanus). Third, does the plant have traits that would 
allow it to expand and reproduce quickly, such as rapid growth, aggressive vegetative spread, and early 
reproductive maturity? Fourth, does the plant have effective means of long-distance dispersal, such as 
windborne or waterborne seeds, or fleshy fruits that would be attractive to birds? Other considerations 
include whether the species has close local relatives with which it is likely to hybridize, altering the 
genetics of a local population, whether it is difficult to control mechanically or chemically, and whether 
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it has ecosystem engineering properties, such as a propensity to burn or a tight clumping architecture. 
Sarah Reichard and Clemant Hamilton (1997) analyzed the traits of invasive and noninvasive woody 
plants introduced to North America since 1930 and developed a decision-making tree that combines 
many of these considerations and can be used to analyze species for their invasive potential (fig. 5.4).

The context of a site is as important as the qualities of a plant when making these sorts of deci-
sions. Plants are not uniformly invasive across all environments. Some places are also less suitable 
for questionable plants, such as along watercourses that could facilitate their spread, or adjacent to 
recently disturbed land. Making distinctions such as these about plant and context can allow us to take 
advantage of the diversity of the world’s flora while minimizing the risk to native ecosystems.

BioDiversity supports ecosystem Functioning
Native North American prairies are diverse. In the Konza Prairie in Kansas, Scott Collins and Susan 
Glenn (1990) found that most of their 10- by 10-meter research plots contained fifty or sixty species 
each. Similarly, John Curtis (1959) listed forty-seven species of dry prairies in his survey of the vegeta-
tion of Wisconsin (see chap. 2). What are all these species doing? And, from the perspective of some-
one planning a prairie garden or other designed community, do we need to include so many species?

Looking for answers, David Tilman, David Wedin, and Johannes Knops (1996) set out to examine 
the link between biodiversity and ecosystem function in the grasslands of the Cedar Creek Ecosystem 
Science Reserve in Minnesota. This is the same site where Tilman performed his research on the mecha-
nisms of plant competition (see chap. 3). The scientists seeded 147 thoroughly prepared plots with 
random mixtures of either one, two, four, six, eight, twelve, or twenty-four native prairie species. In August 
of the next year they calculated total percentage cover and available nitrate in the rooting zone of the 
plots. They found clearly that the greater the diversity of the plots, the higher their productivity and the 
greater their use of soil nitrogen. In other words, biodiversity was strongly related to two important eco-
system functions: the ability to capture energy from the sun and retain nutrients within the ecosystem.

A couple of mechanisms can explain the findings of Tilman and his colleagues. One is the so-called 
sampling mechanism. As more species are included, the better the odds are that a high-producing 
species will be included. The other is the complementarity mechanism. As more species are included, 
more niches are filled, allowing the community as a whole to take advantage of more of the available 
resources (see chap. 3). Whereas individual species may be less productive in a more diverse com-
munity than they would be if they grew by themselves, the community as a whole is more productive. 
Interestingly, the researchers at Cedar Creek found that increasing diversity from one to six species 
changed productivity and nitrogen use dramatically. Above that point, changes occurred more slowly, 
reaching an apparent saturation point where additional species did not markedly increase function.

The study by Tilman and his colleagues prompted a stormy debate. However, its findings have been 
demonstrated repeatedly elsewhere, and the underlying concepts are now generally accepted (Naeem 
et al. 2009). In a carefully worded 2005 consensus statement, a panel of distinguished ecologists con-
cluded, “A long history of ecological experimentation and theory supports the postulate that ecosystem 
goods and services, and the ecosystem properties from which they are derived, depend on biodiversity, 
broadly defined” (Hooper et al. 2005: 24).
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Figure 5.4   Decision tree for determining whether to introduce a new woody plant species to North America. 
(From Reichard, S. H., and C. W. Hamilton. Copyright ©1997 John Wiley and Sons. Predicting invasions 
of woody plants introduced into North America. Conservation Biology 11(1):193–203. Reproduced with 
Permission of John Wiley and Sons, Inc.)
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So far we have accounted for the value of six or eight of the plant species in a prairie. What about 
the other forty or fifty? Although the effect of species richness on a single ecosystem function such as 
productivity saturates fairly quickly, ecosystems perform more than just one function, of course. Ecolo-
gists have theorized that ecosystems are able to pull off these multiple functions because they contain 
so many species. Because of evolutionary trade-offs, no small number of species can maximize perfor-
mance on every function. For instance, it is impossible for any plant to be the most productive and the 
most stress tolerant. A diverse community builds on the qualities of different sets of species to achieve 
multiple functionality, however. In 2010 Erika Zavaleta and two fellow researchers, working with David 
Tilman on data derived from his long-term grassland diversity experiments at Cedar Creek (Tilman et al. 
2006), found empirical support for these theories. They assessed the performance of plant communi-
ties at different levels of species richness for eight ecosystem functions, including aboveground produc-
tivity, insect species richness and abundance, and soil carbon storage. The researchers calculated how 
many of the plots at each level of species richness met a certain threshold (percentage of maximum 
function) for each of the ecosystem functions. Setting the threshold at 60 percent of maximum func-
tion, for instance, in the year 2000, far more plots with eight and sixteen species were able to perform 
two, three, and four ecosystem functions at the threshold level than were plots with just one, two, or 
four species (fig. 5.5). Above four functions, the proportion of all plots able to maintain multifunctional-
ity declined dramatically. The researchers deduced that there are trade-offs not only between species 
but also between communities. They concluded that in order to achieve multiple ecosystem functions, 
diversity is necessary both within communities (alpha diversity) and between communities across a 
landscape (beta diversity).

In summary, ecologists have demonstrated that in order for grasslands to provide multiple ecosys-
tem services, they need at least moderate levels of plant diversity.

Figure 5.5   Diverse communities are able to sustain higher levels of more ecosystem functions simultaneously. 
(From Zavaleta, E. S., J. R. Pasari, K. B. Hulvey, and G. D. Tilman. 2010. Sustaining multiple ecosystem functions 
in grassland communities requires higher biodiversity. Proceedings of the National Academy of Sciences 
107(4):1443–46.)
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create Diverse ecosystems
If we are to create landscapes that perform ecosystem services, ecologists’ findings inform us, they 
will have to be diverse. The Cedar Creek biodiversity experiments, and others like them, are especially 
relevant to landscape designers, because the scientists who conducted them built plant communities 
from scratch. Although these scientists drew conclusions about natural ecosystems and the dangers of 
species loss, their experiments tell us directly about the functional value of diversity in plant communi-
ties put together by people.

We know from agriculture that it is possible to create low-diversity environments that have a high 
level of an ecosystem function such as productivity. A field of F1 hybrid corn produces enormous 
amounts of biomass, more perhaps than the prairie it replaced. The field’s productivity depends first on 
our selection of a highly productive plant (a corollary of the sampling effect). It also depends on high 
inputs of energy, fertilizer, and even water. When the corn field is turned into an office park lawn, the 
same practices are continued, only productivity in the landscape context means not bushels yielded 
but good growth, a healthy appearance, and reduced opportunities for weed invasion. Emphasizing 

Figure 5.6   Diverse prairie plantings, like this 7-year-old dry prairie from seed designed and installed by Neil 
Diboll, are productive and attractive without high inputs. (Photo by Neil Diboll, Prairie Nursery, Inc., Westfield, WI.)
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the complementarity mechanism, on the other hand, if we were to till up the lawn and replace it with 
a diverse planting such as a prairie garden, we could achieve similar levels of overall productivity by 
using each species’ distinct and complementary evolutionary advantages (fig. 5.6). This ecological ap-
proach requires a different sort of management, based not on high-energy inputs but on knowledge: 
recognizing all the species involved, knowing their life cycles, and interceding in ways more subtle than 
mowing once a week.

Diverse ecosystems such as our prairie planting are also better at performing multiple functions. 
The corn field is fabulous at growing corn and the lawn at looking green, but both make lousy bird 
habitat and probably reduce, rather than improve, the quality of the water that passes through them. 
Because we need our landscapes to perform many functions simultaneously, we should make them at 
least moderately diverse. Where our sites are large and varied enough, we should also include multiple 
communities with their own sets of plants. This concurs with the findings of Crawley and Harral (2001) 
about species richness over larger areas and the importance of varied habitat (see chap. 2).

Within a community at a given point in time, Tilman and his colleagues’ findings show, ecosystem 
function can be achieved with moderate numbers of species: six to sixteen, say, rather than fifty plus. 
We know from the sampling effect that including the right species is an important part of building eco-
system function. Given the variety of species available, how do we choose the right ones?

Functional BioDiversity is more important than numBer oF species
Biodiversity is not just a matter of the number of species in a community. The truly important measure, 
ecologists have realized, is diversity of functional traits. Functional traits describe a species’ niche (see 
chap. 3). Some functional traits of plants are leaf area, height, light requirements, water requirements, 
whether a plant is woody or herbaceous, whether a plant is evergreen or deciduous, time of flowering, 
mutualisms (such as with nitrogen-fixing bacteria), photosynthetic pathway, and pathogen resistance. The 
totality of all the traits represented in a community is a measure of that community’s functional diversity.

Increasingly, ecologists are recognizing that functional diversity is a better predictor of ecosystem 
function than species richness (Cadotte et al. 2011). One reason for functional diversity’s predictive 
power is the potential for redundancy in communities. Redundancy helps explain Tilman et al.’s (1996) 
findings that ecosystem function reached a saturation point beyond which the inclusion of additional 
species had little effect. If several species perform similar functions, then adding more of those species 
to a community will not increase ecosystem function at a given point in time. Seen from the perspective 
of the biodiversity crisis, if species are lost from a community, redundancy allows other species with 
similar functional traits to compensate for the loss and maintain ecosystem function.

Assessing functional diversity can be tricky, however. One approach is to assign species to different 
functional groups. In grasslands, for instance, a plant could be categorized as a woody plant, C3 (cool 
season) grass, C4 (warm season) grass, nitrogen-fixing forb, or non–nitrogen-fixing forb (fig. 5.7). The 
fewer the groups, however, the greater the assumed similarity in function, which can distort biologi-
cal reality; the more the groups, the closer this method becomes to actual species richness. There is 
greater explanatory power in identifying functional traits of importance and representing them in a 
continuous rather than a discrete way. In a grassland, again, we might look at plant height, leaf nitrogen 
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percentage, root length and thickness, and whether a plant forms nitrogen-fixing nodules. The difficulty 
here is that we have to know in advance which functional traits are important. An emerging approach 
is to use the phylogenetic diversity of a community to represent its functional diversity. Phylogenetic 
diversity is a measure of the similarity of all the members of a community based on their ancestral 
relationships. This approach assumes that evolutionary distinctness corresponds to functional distinct-
ness, which may not always be the case (think of convergent evolution). However, it has the advantage 
of being able to capture functional differences that we have not yet recognized. Phylogenetic diversity 
has proven to be an effective predictor of ecosystem function (Flynn et al. 2011).

Looking at evolutionary, that is to say genetic, differences of functional traits, ecologists are also 
finding important levels of variation within as well as between species. For example, individual grass 
plants reach different heights. It is the diversity of functional traits at all biological levels, not just the 
number of species, that truly determines ecosystem function.

Figure 5.7   Native prairies, such as this remnant on the Waubay National Wildlife Refuge in South Dakota, 
include plants from different functional groups. Pictured here are the cool season green needlegrass (Nassella 
viridula), nitrogen-fixing leadplant (Amorpha canescens), and non–nitrogen-fixing narrow-leaf coneflower 
(Echinacea angustifolia). (Photo courtesy of the US Fish and Wildlife Service.)
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incluDe Functional Diversity
To maximize ecosystem function in designed communities, we need to maximize functional diversity. 
There are several approaches a designer can take to ensure functional diversity.

The simplest approach, though the least ecologically accurate, as we have seen, is to develop func-
tional groups and be sure to include at least one species in every group. In a grassland community, for 
instance, we would want to include cool and warm season grasses, nitrogen-fixing plants, forbs, and 
perhaps a shrub or two. For an upper midwestern grassland, we might include Canada wildrye (Elymus 
canadensis) as a cool season grass, little bluestem (Schizachyrium scoparium) and Indian grass 
(Sorghastrum nutans) as warm season grasses, lead plant (Amorpha canescens) and round-headed 
bush clover (Lespedeza capitata) as nitrogen fixers, prairie tickseed (Coreopsis palmata), flowering 
spurge (Euphorbia corollata), and tall blazing star (Liatris aspera) as forbs, and prairie wild rose (Rosa 
arkansana) as a shrub. We could expect a community modeled after a natural community in this way 
to have reasonably tight niche relationships and fairly high function.

A more challenging approach is to identify functional traits of importance and include species 
along a range of values for each trait. In our grassland, again, we might want grasses at a range of 
heights and forbs with different life cycles (annual, biennial, and perennial). Adding low-growing June 
grass (Koeleria macrantha) and tall switchgrass (Panicum virgatum) to our mix will increase the range 
of heights represented, and including annual prairie sunflower (Helianthus annuus) and short-lived 
black-eyed Susan (Rudbeckia hirta) will increase the number of life cycles present.

Finally, we can work to maximize the phylogenetic diversity of our proposed community. Phyloge-
netic diversity alone is not enough to create highly functioning designed communities, as it would 
be possible to assemble some wacky combinations of distantly related plants, but it can serve as a 
tool to check and refine a proposed plant list developed from other principles. We can calculate the 
phylogenetic diversity formally using a method such as that followed by Flynn et al. (2011) or more 
informally by assessing the sum of branch lengths in a phylogeny for our community. Phylogenies for 
plant communities can be assembled online using Phylomatic, available at http://www.phylodiversity.
net/phylomatic/phylomatic.html. To continue with our grassland example, we can see that adding field 
goldenrod (Solidago nemoralis) to our mix would increase the phylogenetic diversity of our community 
less than would adding prairie buttercup (Ranunculus rhomboideus) (fig. 5.8). This is because gold-
enrod, as a member of the aster family, has other close relatives already included in the community, 
whereas buttercup is a novel introduction, more distantly related to the other plants in the community 
than even other plants such as the prairie rose that are the sole included member of their family.

We might not immediately recognize the unique functional benefits that a plant such as prairie but-
tercup brings to our designed grassland. Perhaps they have to do with its spring bloom time, and the 
pollinator relationships that brings, or with its degree of moisture tolerance. To use phylogenetic diversi-
ty to guide our plant choices is to gracefully acknowledge our ignorance about the workings of complex 
natural systems. If we need to achieve particular functions, we could always test diverse combinations 
incrementally, as Mark Simmons has done with native lawns (see chap. 3). We need not take shots in 
the dark, however. Increasing the functional and phylogenetic diversity of a designed plant community 
will increase its ecosystem function more directly than will simply adding additional species.
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BioDiversity increases staBility
Diverse communities have higher levels of ecosystem function and perform multiple functions better 
than simple communities, especially when they contain organisms with a range of functional traits. They 
are also able to maintain these functions over time, despite environmental fluctuations.

Continuing their work at the Cedar Creek grasslands in Minnesota, David Tilman and Johannes 
Knops, this time with Peter Reich (2006), seeded 168 plots with a random mix of either one, two, four, 
eight, or sixteen perennial grassland species, including C3 grasses, C4 grasses, legumes, nonlegume 
forbs, and woody species. For 2 years they allowed the plants to establish and begin to grow in. Each 
August for 10 years thereafter, they clipped the aboveground biomass of areas within each plot and 
calculated the annual productivity. Over the decade of their experiment the plots experienced widely 
different climatic conditions from year to year. Average high temperature during the growing season 
varied by almost 3°C, and precipitation varied more than twofold. These variations are reflected in the 
productivity of the low-diversity plots. In the high-diversity plots, however, productivity was much more 
consistent. The most diverse plots were 70 percent more stable than the monocultures tested.

As we have noted from the beginning, plant species have different environmental needs. These 
different needs allow them to coexist in communities. Even if a drought, for instance, stresses all the 
members of a grassland community, some will feel the effect sooner than others, and some will have 
their growth more curtailed. This asynchrony evens out the productivity of the entire community when 

Figure 5.8   A phylogeny for a designed prairie community, prepared using Phylomatic. Branch lengths indicate 
degree of evolutionary relatedness.
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there are more species. Just as mutual funds purchase multiple stocks in order to achieve more consis-
tent yields, diverse plant communities achieve greater temporal stability because of a “portfolio effect.” 
Although the individual populations within the community fluctuate in relative abundance and perfor-
mance, overall ecosystem processes are maintained (fig. 5.9). Also, because diverse communities are 
more productive overall (an effect called overyielding), a loss of productivity of a set amount has less 
of a percentage effect on them than on a simpler, less productive community.

We know that not all species are equally abundant in communities (see chap. 2), however, and 
that even some infrequent species can have an outsized effect on community properties (see chap. 7). 
That is, not all species within a community are equal in terms of their impact on ecosystem function. 
Where one or a few species drive overall ecosystem function, the impact of environmental change on 
those species will affect overall community properties, even where diversity is present (Hillebrand et al. 
2008). Communities with greater evenness, or where dominance can switch between several species 
depending on environmental conditions, will experience greater stabilizing effects from diversity.

increase staBility with greater Diversity
No year of weather is quite like the last, or the next. Heat waves, hurricanes, droughts, and record snows 
come and go unpredictably. Even when we have chosen plants carefully for the conditions where they 
are planted, those conditions can change from one season to another. On top of this, global climate 
patterns that we and our plantings have grown accustomed to seem to be shifting (see chap. 10). Our 

Figure 5.9   Because of asynchronous responses to environmental changes in diverse communities, even when 
individual populations (thin lines below) fluctuate in size, community size (thick line above), which is the sum 
of population sizes, remains stable. (From Loreau, M. 2010. Linking biodiversity and ecosystems: Towards a 
unifying ecological theory. Philosophical Transactions of the Royal Society: Biological Sciences 365:49–60.)
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landscapes have to live with these realities and maintain the high level of function we expect from 
them, whether that function is to produce lots of growth and look full, to filter stormwater, to provide 
food to migrating birds, or all of the above. Again, ecologists have demonstrated, diversity holds the key.

We have seen that for a designed plant community to function ecologically, it should include a 
diverse list of species, and that these species should represent a range of attributes on important 
functional traits. In order for the plant communities we install to be able to maintain the high levels 
of function we expect of them year after year, each cluster of functionally similar species must include 
plants with different responses to environmental change. We can think of this in somewhat the same 
way as we did with fundamental versus realized niches (see chap. 3). Although all of our fastest-grow-
ing grasses, to take an example, would prefer warm temperatures and moderate precipitation, one of 
them may still be able to grow reasonably well the summer it rains less. We need to be sure to include 
that grass in the mix, along with the one that can grow reasonably well the summer it is unusually cool. 
Incorporating a diverse mix of species ensures that our portfolio of plants can perform in all conditions. 
Recall too that functional trait diversity exists below the species level, within populations (see chap. 2). 
Planting genetically diverse populations creates a secondary stabilizing asynchrony.

Suddenly, when we add the dimension of time, our mix of six or twelve or sixteen species becomes 
a community of twenty-four or forty-eight. Not all these species need to be represented by large popu-
lations. Communities that maintain ecosystem function over time using diversity will fluctuate in their 
composition. During the year or series of years that are warm with moderate precipitation, one species 
may increase in biomass and relative abundance. During a drought, the first species may decline and 
another take its place. In communities of longer-lived plants, these effects may not become evident 
until years later. The designer’s art in diverse communities is not to set the exact proportions and blends 
of different plants but to create a mix of plants that can respond dynamically to changing conditions.

conclusion
So far, the transition to a human-dominated landscape has come at the cost of an epochal loss of 
global and local biodiversity. Habitat destruction and introduction of invasive species are two of the 
principal drivers of biodiversity loss for which landscape designers are partially responsible. Going 
forward, we need to find ways to use designed landscapes to meaningfully support and conserve 
biodiversity, especially of endemic species and locally adapted populations. We also need to adopt a 
mindful approach to the use of exotic species, working to control established invasives and being sure 
not to introduce new ones.

Creating landscapes that harbor diverse plant, animal, and microscopic life is not merely a matter 
of acting responsibly. Ecologists have proven that ecosystem function is tied to biodiversity. Even func-
tions as basic as productivity and retaining nutrients—growing well and not needing constant fertiliza-
tion—are improved in more diverse plantings. If we are to ask our built landscapes to provide more 
and more of the ecosystem services formerly provided by the natural environment, that is, to perform 
multiple functions consistently over time, we will need to build them as diverse ecosystems. The biodi-
versity of an ecological landscape is not a virtue but a necessity.
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