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Homogenizing biodiversity in restoration: the
“perennialization” of California prairies
Josephine C. Lesage1,2 , Elizabeth A. Howard3 , Karen D. Holl1
Restoration frequently aims to improve native species biodiversity at a site, but practitioners have limited resources. In diverse
ecosystems, the selective use of certain guilds or species can come at the cost of species that are more challenging to incorporate,
resulting in the overall homogenization of the ecosystem and a relative loss of biodiversity. We surveyed practitioners who
restore California prairies to understand their use of native annual forbs, an important component of the biodiversity in this
ecosystem. We found that practitioners preferentially planted native perennial species, mainly grasses. Despite practitioners’
recognition of the high conservation value of native annual forbs, they were hesitant to include this guild in their planting
palettes because of high costs, low and unpredictable establishment, and lack of seed. We recommend that California annual
prairie forbs be seeded in multiple years to enhance establishment, and that monitoring targets be designed to better reflect the
high variability in interannual abundance of native annual forbs. These issues are not unique to California prairie, and more
broadly, restoration objectives and research across a range of ecosystems should prioritize guilds that are more challenging to
establish but are of high conservation concern.
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Implications for Practice
• Restoration goals, practices, and research should incorporate a fuller suite of species, including those that are more
challenging to propagate and establish, such as annual
forbs in California prairies.
• Restoration objectives and monitoring should be tailored
to reflect differences in life histories across plant guilds.
• Practitioners can employ several techniques to reduce
the cost and risk associated with planting native annual
forbs, such as seeding or planting in subportions of larger
restoration projects, in years with high expected precipitation, or over multiple years.

Biotic Homogenization in Restoration
Restoration projects have various goals, but often seek to restore
a similar species composition to that of a reference ecosystem
(McDonald et al. 2016). Restoration activities frequently aim to
increase the diversity of native species present at a site; however,
species are often selected based on ease and cost of collection
and propagation (Elliott et al. 2003; Meli et al. 2014), which in
turn can result in the planting of the same suite of relatively few
readily available, quick-to-grow, and easily established species
in many restoration projects (Hughes et al. 2017), eventually
homogenizing a site or system relative to the desired reference
communities, if not the prerestoration state. Native species that
are patchily distributed, slow growing, or difficult to establish
are less likely included in restoration species palettes. In other
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words, restoration has tended to focus on dominant species and
site-level (𝛼) diversity rather than restoring the full suite of
species across the landscape (𝛽-diversity) (Holl 2002; Polley
et al. 2005). We contend that this narrowing of the pool of
locally present species homogenizes the ecosystem, and in some
cases, could shift the life-history composition of a community
by favoring plant guilds or species that are better studied and
easier to establish, or better at outcompeting non-native species.
The homogenization of communities through restoration is
particularly problematic in biodiversity hotspots that host many
endemic species and have exceptionally high species richness over a small area. Here, we highlight the challenge of
restoring ecosystems in which annual plant species contribute
substantially to overall biodiversity, such as in some Mediterranean ecosystems, where the seasonal timing of precipitation and high interannual rainfall variability have contributed
to the evolution of many annual species (Cowling et al. 2005;
Clary 2008, 2012). Our informal observations suggest that
annual species are often neglected in restoration efforts due
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to the financial and labor costs associated with collecting
and germinating seed and specifically the unpredictability of
establishing consistent populations. We focus our argument on
restoration efforts in California’s historically diverse prairies,
where we work.
Like all Mediterranean regions, California experiences hot,
dry summers and mild, wet winters, and has high interannual
variability in the timing and quantity of precipitation (Cowling et al. 2005). These climate factors and the isolated geologic history of California led to the exceptionally diverse
California floristic province, which includes large numbers of
annual species, forbs in particular, making California a biodiversity hotspot (Myers et al. 2000; Calsbeek et al. 2003). However,
human population growth and habitat conversion also make it
an area of critical concern for conservation and habitat restoration (Hoekstra et al. 2004). In California, 75 prairie-associated
species are listed under the federal Endangered Species Act, and
580 prairie-associated species have some form of state protection (Bartolome et al. 2014).
Though heavily debated, there is evidence that the historical composition of California’s prairies was a matrix of perennial bunchgrasses, perennial forbs, and annual forbs (Hamilton
1997; Bartolome et al. 2007; Minnich 2008; Lulow & Young
2011; Fick & Evett 2018). California’s prairies are home to an
unusually high richness of native annual forbs, especially in
northern coastal prairies. Annual forbs represent between 25 and
60% of recorded species richness in California prairies based on
prior survey work (Stromberg et al. 2002; Hayes & Holl 2003;
Ford & Hayes 2007; Lulow & Young 2009), though interannual
and spatial variation in site-level richness can be dramatic. Furthermore, native annual forbs make up approximately 40% of
endangered plant species listed statewide. Among the threats to
this group of species are anthropogenic climate change (Harrison et al. 2015), invasive non-native plant species (Carlsen
et al. 2000; Brandt & Seabloom 2012), habitat loss and urban
development (Hoekstra et al. 2004; Ford & Hayes 2007), and
changes to management regimes (Hayes & Holl 2003; Satterthwaite et al. 2007).
The recognition of how little remaining “natural” or remnant
prairie exists in California and the addition of multiple prairie
species to state and federal endangered species lists has driven a
dramatic increase in prairie restoration and mitigation projects
over the last 20–30 years. Nonetheless, our observations of
practices where we work along the central coast of California
suggest that prairie restoration has concentrated on perennial
grasses and forbs, and the published research has focused
largely on perennial grasses, in particular Stipa (Nassella) pulchra (Menke 1992; Hamilton et al. 1999; Buisson et al. 2008),

that can be better competitors with non-native invaders (e.g.
Brown & Rice 2000; Stromberg et al. 2007; Seabloom 2011;
Mordecai et al. 2015).
Land Manager Survey
To evaluate whether our informal observations of preferentially planting perennial species were more widely supported
by practitioners’ choices, we surveyed 33 land managers,
restoration practitioners, and private landowners involved in
California prairie restoration (Appendix S1, Supporting Information). Respondents work in prairies throughout the state,
including interior and coastal sites, though the majority are
located coastally between San Luis Obispo and Mendocino,
CA. We asked about the number of species used in restoration plans, how many are typically native annual forbs, and why
these species are or are not included in their planting palette (see
Appendix S2 for full survey responses).
The average number of projects completed by those surveyed
was 5.2 ± 0.8, but respondents indicated that they included
native annual forbs in less than half the projects (2.4 ± 0.5). For
respondents who indicated that they had included native annual
forbs in their projects, their planting palettes contained 27%
native annual forb species, a proportion at the low end of the
ecological range of what is typically found in high-quality remnant prairies (25–60% of recorded species, e.g. Ford & Hayes
2007; Hayes & Holl 2003; Lulow & Young 2009; Stromberg
et al. 2002) (Table 1). This relative under-representation of
annual forbs occurred despite respondents recognizing that
native annual forbs were a historical component of the ecosystem, provide significant pollinator services, and have aesthetic
value (Appendix S2). Practitioners who did include annual forbs
were more often those who indicated that the species were the
focal target of a project, or that they apply seeds but are not hopeful about their return: in other words, broadcast seeding native
annuals is a “spray and pray” technique.
When prompted to list their reason(s) for preferring perennials and avoiding annual forbs, restorationists painted a clear
picture about the differential costs and payoffs associated with
planting annual and perennial species. Respondents typically
did not include annual forbs in their planting palettes because
these species are cost-prohibitive (seven respondents); they are
incompatible with desired management practices, such as herbicide use (six); their low returns are discouraging (five); and seed
typically is not available (four). These responses accurately
reflect the ecology of these species. Costs associated with annual
forbs can be high because collecting seed is difficult: plants do
not appear annually in the same locations, appear patchily or in

Table 1. Number of species of each guild included in restoration projects as reported by survey participants. Values are mean number of species ±1 SE.
Proportion of number of species of each guild as a function of the total number of species planted in parentheses. n = 21 respondents who do and n = 12 who
do not include native annual forbs.
Practitioner Category

Perennial Grasses

Perennial Forbs

Annual Forbs

Do not include native annual forbs
Include native annual forbs

3.8 ± 1.0 (64%)
4.7 ± 0.3 (31%)

2.1 ± 0.9 (36%)
6.5 ± 1.5 (42%)

0 (0%)
4.2 ± 1.1 (27%)

1062

Restoration Ecology

November 2018

Perennialization of California prairies

small numbers, and the timing of flowering and seed set varies
from year to year (Eviner 2014). Furthermore, it is well understood that annual forbs do not return consistently each year
when they are planted, giving the appearance of low success.
Respondents indicated that perennial species are preferentially planted because they want fast, visible results, and perennial species typically establish more readily, occupy large
footprints, and live longer, reducing the risk of reinvasion by
non-native annual grasses (Seabloom et al. 2003; Corbin &
D’Antonio 2004). Perennial species are also more likely to
ensure that projects meet native cover targets, but this comes
at the cost of overlooking a highly diverse and threatened plant
guild. Both our survey and the land management literature suggest that land managers are risk averse (Wätzold et al. 2006;
Dorrough et al. 2008) and, in short, planting perennials reduces
perceived risk.

Moving Toward Restoring the Full Suite of Plant
Species
We recognize the challenges of restoring annual species in
California prairies and elsewhere. Hence, we offer recommendations to enhance the inclusion of annual plants in restoration
efforts. Because so few restoration projects currently incorporate native annual species, even minor increases would be
beneficial.
First, restoration plans should require planting or seeding the
full suite of vegetative guilds as the reference or desired system,
while at the same time recognizing valid concerns regarding the
high cost, management challenges, and seed availability of less
commonly used species and guilds. For example, California
prairie restoration plans could incorporate seeding annual forbs
in a small portion of the restoration site, followed by intensive
management to favor these species, such as the removal of
non-native annual grasses through grass-specific herbicides or
well-timed mowing. By planting in only a small subsection of
a restoration site, this approach would reduce the labor, cost,
and risks, while reflecting the naturally patchy distribution of
native annual forbs.
Second, restorationists can reduce risks by planting or seeding annual species in years when they expect particularly high
success, such as in the first wet year following drought (Levine
& Rees 2004). Several authors have recommended that establishment success could be increased by introducing a smaller
number of prairie species over multiple years, rather than using
all the propagules in a single year (Seabloom 2011; Stuble et al.
2017; Wilson 2015; Bakker et al. 2003). Additionally, research
in restoration settings suggests that some native perennial forbs
benefit from priority effects, and seeding annual forbs earlier
than perennial grasses might also enhance outcomes (Young
et al. 2017).
Third, project objectives and associated monitoring plans
should be designed to reflect the varying life history patterns
of different plant guilds. For example, given that annual species
often do not appear consistently year after year (Eviner 2014),
it is more reasonable to expect some individuals to appear every
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3–5 years rather than anticipating a high abundance every year.
A California prairie monitoring plan species richness target
might include two components: a minimum number of native
species to appear annually, and a minimum number of species
to appear over a 5-year period.
Finally, we call for additional research on specific seed
collection and germination methods, propagation techniques,
and beneficial management activities of rare, patchily distributed annual species and their seed banks. For example, in
Mediterranean regions of Europe, techniques like soil transfers with intact seed banks or haying are sometimes used to
introduce a diverse flora rather than seeding individual species
(Coiffait-Gombault et al. 2011; Bulot et al. 2014), and these
methods could also be useful in California’s prairies. Moreover, these species often have specialized habitat requirements
or mutualisms that are rarely well documented, but essential for
successful reintroduction. Lastly, little is known about the sometimes extensive and long-lasting seed banks of native annual
forbs, though restoring these seed banks may be a critical component in the long-term success of some native annual species
(Bakker et al. 1996; Satterthwaite et al. 2007).
In conclusion, we have called attention to a case of restoration potentially homogenizing and perennializing a historically
diverse habitat that is home to many native annual species,
and we have offered suggestions to reverse this trend and
promote the large-scale conservation of rare annual species.
We hasten to note that this pattern of preferentially including easier-to-propagate and better-studied species and guilds in
restoration is not unique to California prairies. For example,
in tropical forests many tree species only fruit in certain years
and seeds often do not have dormancy, so they cannot be stored
for future restoration use (Holl 2012), making them challenging
to use for restoration. Similarly, recent analyses of restoration
projects in Brazil’s mega-diverse tropical forest systems have
shown that not all biogeographical regions are adequately represented in nursery-grown stock (Moreira da Silva et al. 2017),
and that in the Brazilian Atlantic Forest, tree species with large
animal-dispersed seeds are often more costly to obtain than
other species and are under-represented in restoration plantings
(Brancalion et al. 2018).
We acknowledge that it will not be possible to include all
guilds of species in all restoration projects, given the range of
restoration goals and the constraints that projects must work
within. If a guild or species is to be excluded from restoration efforts and disappear from an ecosystem, let it be an
active choice, rather than a disappearance by unintentional
omission as we strive for other goals. We contend that for
biodiversity-focused restoration projects, restoration practitioners and scientists must collaborate to develop and implement
methods and set restoration objectives that restore the full suite
of species, including those that are more difficult or risky to
incorporate.
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