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The paradox of forbs in grasslands and the legacy

of the mammoth steppe
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The grassland biome supports an enormous diversity of life and includes ecosystems used extensively by humans. Although
graminoids lend grasslands their characteristic appearance, forbs are largely responsible for their taxonomic, phylogenetic, and
functional diversity. In terms of abundance, however, forbs often play a subordinate role relative to graminoids. Yet this may be a
relatively recent phenomenon; evidence is mounting that forbs comprised a major part of the richness of, and were abundant in,
the extensive and highly productive grasslands of the Pleistocene, the so-called “mammoth steppe”. As a legacy of their past
prevalence under intensive grazing by megafaunal herbivores, we hypothesize that forbs were, and still are, dependent on niche
construction by large mammalian herbivores. We suggest that the high species richness of forbs in grasslands globally merits
greater research and conservation attention, and management actions tailored to sustain their abundance and diversity.
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rasslands represent one of the most important biomes on

Earth, both in terms of areal extent and the ecosystem
services they provide (sensu Bond and Parr 2010). Pressures
on the grassland biome, including land use, climate change,
invasive species, and nitrogen (N) deposition, are widespread
and have contributed to major declines in grassland biodiver-
sity globally (Gibson 2009; Dupre et al. 2010; Gibson and
Newman 2019). This decline is particularly strong among forb
species (defined as non-graminoid, herbaceous, angiosperm
species; Bond and Parr 2010). Even the abandonment of agri-
culture represents a source of pressure on grasslands, leading
to such extensive impacts on biodiversity that several forb
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In a nutshell:

» Forbs contribute substantially to the taxonomic, phyloge-
netic, and functional diversity of contemporary grasslands,
yet as a guild they are largely inferior in abundance

» Contemporary forbs flourished in the highly productive
“mammoth steppe” grasslands of the Pleistocene epoch,
suggesting they are adapted to niche construction by
herbivorous megafauna

« As a legacy of their past prevalence during the Pleistocene,
forbs in contemporary grasslands likely still depend on
the presence of selection forces resembling megafaunal
activities

o Greater research and management attention should be
directed toward forbs to conserve the biodiversity and
functioning of the grassland biome
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species are now on the edge of extinction (Eriksson 2013). To
better understand how human-related pressures are affecting
grassland biodiversity, and how these pressures can be miti-
gated, scientists and resource managers will require new
insights into how grasslands function.

Conditions for grassland plant communities that are preva-
lent today, in the Anthropocene, have no analogous period in the
past for comparison. Yet selection pressures under which grass-
land species typically evolved, and to which they are likely still
adapted, can inform management options. Therefore, inspired by
the advocacy to merge paleobiology with conservation biology
(Barnosky et al. 2017), we make an interpretation of grassland
functioning based on the legacy of the “mammoth steppe”. The
mammoth steppe of the Pleistocene is an ecosystem regarded as
paramount because it sustained much of the now-extinct mega-
fauna of that epoch. The traditional view of graminoid domi-
nance (eg Zimov et al. 1995; Blinnikov et al. 2011) on the
mammoth steppe is currently being reevaluated in light of new
DNA-based research that suggests that the mammoth steppe was
in fact dominated by forbs, in terms of abundance, species diver-
sity, and proportions of the megafauna diet (Willerslev et al.
2014). Moreover, although the mammoth steppe has no contem-
porary analog, many of the forb and graminoid species identified
from Pleistocene grasslands are still part of contemporary flora
(Willerslev et al. 2014). Here, we apply recent advances in our
understanding of the mammoth steppe to illustrate the potential
role of forbs in contemporary grassland functioning. We also
consider the extent to which past selection pressures on forbs,
which they evidently tolerated, are absent in contemporary
grasslands. In doing so, we argue that forbs should receive greater
attention in grassland research and management if the biodiver-
sity and functioning of the grassland biome is to be conserved
and sustained in the future (Siebert and Dreber 2019).

Consistent with previous studies of grassland systems, we
consider forbs as a single functional group. Yet our primary
objective is to inspire greater interest in the diversity of forb
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species and their role in grasslands to improve understanding
of plant diversity and function in these imperiled ecosystems.

@ The “paradox” of forbs

The high abundance of grasses in contemporary grasslands
is explained by functional traits that help them colonize,
persist in, and transform grasslands (Linder et al. 2018).
However, traits that provide grasses with a competitive
advantage, such as photosynthesis via the C, carbon fixation
pathway, are more common among forb than grass lineages
(Sage 2004). As discussed below, forbs have several func-
tional traits that are seemingly contradictory to their sub-
ordinate ranking in terms of abundance: we call this the
“paradox” of forbs (Figure 1).

Contribution of forbs to grassland diversity

In terms of species richness, forbs dominate grasslands world-
wide and across a wide range of climate regimes (Figure 1a;

KA Brathen et al.

Seabloom et al. 2013). Forbs are the most species-rich growth
form in many grasslands, including North American prairies;
African savannas; South African velds; tundra grasslands;
Iberian dehesas; Mongolian steppes; South American pampas,
campos, and cerrados; and calcareous grasslands, grassy balds,
and other environments (WebTable 1a). Forb species richness
may even be underestimated, as many forb species in grass-
lands are ephemeral (Pokorny et al. 2004), having shallow
roots and short life cycles that render them transient or
unobservable for much of the year.

Forbs also contribute greatly to the phylogenetic richness of
grasslands. Although graminoids are often presented taxo-
nomically by family names, this approach is impractical for
forbs because of the vast number of families (Panel 1). The
term “forbs” oversimplifies their diversity in grasslands, where
their high phylogenetic richness suggests they likely serve a
wide range of functional roles. In an analysis of ecophysiologi-
cal and ecological traits of 158 prairie species, most segregated
functional groups were forbs (Figure 1b; Kindscher and Wells
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Figure 1. (a) Average species richness (number of species per square meter) and cover (%) of forbs and grasses across 62 contemporary grasslands
spanning six continents and 13 countries (data from Seabloom et al. [2013], which relied on sites within the Nutrient Network [http://nutnet.org], a globally
replicated study of grassland ecosystems). (b) Number of plant guilds, or functional richness, based on a multivariate analysis of 32 traits from 158 native
prairie species (data from Kindscher and Wells [1995]). (c) Leaf nutrient content in forb (n = 52) and grass (n = 14) species in alpine tundra grasslands;
samples were from early and late growing seasons combined (data from Murguzur et al. [2019]). (d) Relative growth rates of forb (n = 13) and grass (n=11)
species reported from an experiment where plants were provided with ample resources from the seedling stage (data from Poorter and Remkes [1990]).
Similar results as in (c) and (d) but at a global scale were reported by Niinemets et al. (2015). Where present, error bars indicate standard error (SE).
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Panel 1. What defines forbs and graminoids in grasslands
We define “grasslands” as encompassing steppe, prairie, veld, pam- Forbs comprise a huge variety of species and plant families in grassland
pas, savanna, cerrado, balds, dehesas, poloninas, and nonacidic tundra ~ ecosystems. Apart from the Fabaceae (legumes), a family more species-
ecosystems. Grassland systems are present on every continent except rich than the Poaceae (www.mobot.org/MOBOT/research/APweb), forbs
Antarctica (Gibson 2009). are seldom referred to by family names but rather by general terms like

forbs, herbaceous (as opposed to woody) forbs, non-graminoid herba-
Graminoids dominate grasslands, especially grasses (species of Poa- ceous species, herbaceous dicotyledons, and non-graminoid monocots,
ceae in the Order Poales), but sedges (Cyperaceae) and rushes (Jun- as well as by more imprecise terms like herbs (includes all herbaceous
caceae) — both members of the Poales as well — also occur frequently — species) and dicots (includes woody species). Despite their enormous
(Gibson 2009). Grasslands are conceptually linked to large mammalian variety, forb species are often lumped into a single category; moreover,
grazers. Emphasizing our long understanding of grasses as importantto ~ forbs are often listed as “other” constituents of grassland plant com-
grazing, the word “grazer” is derived from the Old English word “grees”, munities (Pokorny et al. 2004; Siebert and Scogings 2015) or even as
meaning “grass”. weeds (Gibson 2009).
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1995). In addition, studies showing positive effects of plant
biodiversity on ecosystem services, implying multifunctional-
ity, typically involve grassland experiments in which forbs rep-
resent 250% of the species pool (eg Reich et al. 2012; Weisser
et al. 2017).

Role of forbs in grassland plant-herbivore interactions

As a species-rich guild with a long co-evolutionary history
with herbivores (Veldman et al. 2015), forbs have evolved
a diverse array of adaptations to herbivory. For instance,
physical and chemical defenses are common among forbs
(eg Strauss et al. 2002), and several unpalatable forb species
have gained dominance in grasslands, to the detriment of
grassland quality for ungulate herbivores (Augustine and
McNaughton 1998). However, although anti-herbivore
defenses are considered to be a critical distinction between
grasses and forbs (eg Coughenour 1985), grasses have also
evolved numerous physical and chemical defenses (Vicari
and Bazely 1993; Massey et al. 2007).

Forbs can also be both highly palatable and tolerant to
grazing, the latter a very important trait in grassland plants
(Augustine and McNaughton 1998). In terms of compensa-
tory growth, tolerance is often linked to graminoid basal leaf
meristems, which make graminoids well adapted to regrow
after defoliation (Hawkes and Sullivan 2001). A stricter defi-
nition of tolerance is the degree to which plant fitness is
affected by herbivore damage relative to fitness of undamaged
plants (Strauss and Agrawal 1999); under this definition, tol-
erant species more often include forbs (Hawkes and Sullivan
2001). Several forb species have even been found to increase
their fitness when grazed (WebTable 1b), typically through
damage to apical meristems, which activates dormant buds
(Wise and Abrahamson 2008). Consequently, tolerance (in
terms of growth rate) to herbivory can be high among grasses,
whereas tolerance (in terms of fitness) to herbivory in grass-
lands can be high among forbs. Furthermore, forbs have on
average the highest tissue N and phosphorus (P) concentra-
tions, and the fastest growth rates among plant growth forms

globally (Figure 1, ¢ and d; Niinemets et al. 2015). As such,
forbs are very nutritious, and rank high in herbivore diet
selectivity among plant growth forms (WebTable Ic).
Grassland forage quality, in terms of optimal nutrient balance
for herbivores, is therefore improved by the inclusion of
nutritional forbs in forage. Finally, forbs seem to benefit from
many herbivore behaviors that disturb the soil (eg trampling,
wallowing, uprooting, digging; also known as niche construc-
tion or ecosystem engineering). These actions promote grass-
land plant richness (Romero et al. 2015), and forbs in
particular are proficient at exploiting these herbivore-created
opportunities for establishment. For example, forbs are the
most species-rich and abundant growth forms in patches of
disturbed soil like prairie dog (Cynomys spp) colonies
(Coppock et al. 1983) and bison (Bison spp) wallows
(McMillan et al. 2011). Megaherbivores like elephant
(Loxodonta spp), giratfe (Giraffa spp), and black rhinoceros
(Diceros bicornis) rework soils in African savannas, increasing
forb species richness and abundance (WebTable 1d). In turn,
herbivores seem to spend more time on patches of disturbed
soil than on surrounding grassland (Fahnestock and Detling
2002; Porensky and Veblen 2015), suggesting that herbivore-
created patches rich in forb species diversity and abundance
represent nutritional hot spots for herbivores.

Adaptation among forbs to fire and herbivory

Grassland plant species also have a long evolutionary
history with fire (Veldman et al. 2015). Several forb spe-
cies have underground storage organs that increase their
resilience to fire (as well as to herbivory and drought;
Bond and Parr 2010), and several forb species are adapted
to cues from fire for sprouting and seedling recruitment
(Bond and Keeley 2005). Perhaps for this reason forbs
can tolerate a wider range of seasonal conditions and fire
frequencies than dominant grasses, and therefore benefit
from fire events (Uys et al. 2004). Forbs can also better
tolerate the dual impacts of fire and herbivory; although
recently burned areas are favored grazing spots for
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herbivores, they are also characterized by increases in
both forb richness and abundance (Fuhlendorf and Engle
2004).

@ A critical role of forbs in grasslands

The aforementioned facts are based on studies that draw
attention to the critical role that forbs play in grasslands.
However, given their high species, phylogenetic, and func-
tional richness, why forbs are not more abundant in grassland
systems remains a mystery. That is, the superior richness
of forbs could be expected to guarantee good performance
under a set of ecological contexts and species interactions,
causing their abundance to be more aligned with their rich-
ness. Looking at the past conditions and selection pressures
under which forbs thrived could provide some clues toward
solving this puzzle.

Interpretation of paleoecological evidence

The mammoth steppe covered a vast geographic area and
sustained megafauna in a climate that was colder and
drier than the present Arctic; how this was possible has
been referred to as the “productivity paradox” (Yurtsev
2001). The megafauna community itself likely played a
central role in maintaining the high productivity of the
mammoth steppe. According to the “keystone herbivore
hypothesis” (analogous to the effects of large African
ungulates and other herbivores; Owen-Smith 1987), the
megafauna generated disturbances and modified the envi-
ronment through numerous behaviors and activities. Their
grazing and trampling would have facilitated sunlight
reaching ground level by preventing competitive plants
from growing tall, while trampling would have pushed
litter into the soil and generated gaps for new plant
recruitment. Urination and defecation returned nutrients
in a form readily available for plant uptake, increasing
rates of nutrient cycling (Bardgett and Wardle 2003).
Finally, megafauna would have facilitated seed dispersal
(Yurtsev 2001), providing opportunities for plant species
to establish in new sites. We hypothesize that such niche
construction/ecosystem engineering by the megafaunal
community would have exerted strong selection pressures
on grassland plants (Figure 2). That forbs were dominant
on the mammoth steppe, in terms of abundance, diversity,
and megafauna diet composition, suggests that they were
both thriving under these selection pressures and central
to the high productivity of the steppes (Willerslev et al.
2014). In addition to direct herbivory, by altering the
quantity and distribution of fuel supplies, large herbivores
could shape the frequency, intensity, and spatial distri-
bution of fires on the mammoth steppe (Waldram et al.
2008). Because fire and herbivory share several common
features, fire could have further enforced key selection
pressures (Augustine and McNaughton 1998; Weigl and
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Knowles 2014); for instance, like herbivory, fire events
enhance light availability at ground level, thereby creating
more opportunities for plants to germinate, bud burst,
and grow.

Other ecosystem characteristics, especially those related to
high species richness, may also have been key to the high pro-
ductivity of the mammoth steppe. A wealth of evidence
shows that high plant species richness increases grassland
functioning through complementarity effects, and promotes
temporal stability of aboveground net primary productivity,
efficient nutrient recycling by decomposer communities, and
increased soil carbon storage, among other processes (eg
Weisser et al. 2017). The richness and abundance of forbs on
the mammoth steppe would likely have sustained higher spe-
cies diversity as a result of collective feedbacks within their
communities (Brdthen and Ravolainen 2015). Furthermore,
the actions of mammalian herbivores (eg grazing, trampling)
would have helped to sustain plant diversity. Selective grazing
is less likely when plant species richness is high, even among
species that produce high concentrations of secondary
metabolites (Wang et al. 2011), and both palatable and unpal-
atable species are affected by trampling (Owen-Smith 1987).
Strong plant-herbivore interactions promoting forb and
graminoid species richness and ecosystem functioning may
therefore have been key to the high productivity of the mam-
moth steppe (Figure 2).

In our interpretation, the mammoth steppe can be viewed
as a grassland of low standing biomass with ample light condi-
tions at ground level; it would be highly productive, but not
visibly so because a large fraction of what was produced was
consumed or trampled into the ground (Figure 2, bottom
panel); and conditions promoting safe sites for plant recovery
and regeneration would produce a visible range of growth
stages and high species richness. Well-functioning plant-
herbivore interactions that imply a high plant species turnover,
both spatially and temporally, were integral to the mammoth
steppe (Figure 2). This complex and highly dynamic system
would foster conditions under which a range of forb and
graminoid species coexisted.

@ Limiting factors for forbs in contemporary grasslands

We suggest that forbs of contemporary grasslands may
be anachronistic species that have been in decline since
the time of the Pleistocene megafaunal extinctions (Johnson
2009). Because of the global occurrence of both high forb
species richness in grasslands (Figure la) and the extinc-
tion of megafauna (Sandom et al. 2014), we posit that
various guilds of forbs are still adapted to and largely
dependent on the niche construction provided by mega-
fauna. In the following sections, we identify conditions
that were likely present in the Pleistocene but are poten-
tially absent in contemporary grasslands, and in doing
s0, suggest possible reasons for the current subordinate-
level abundance of forbs.

Front Ecol Environ doi:10.1002/fee.2405
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Figure 2. Strong plant-megafauna feedbacks in the mammoth steppe. A species-rich, forb-rich plant community with high process rates represents
nutrient-rich and diverse forage for megafauna; in turn, megafauna disturb the plant community through a range of activities. Grazing and trampling
increase accessibility to light: trampled gaps and litter trodden into the soil create sites for seed germination and bud bursting (solid black circles).
Urination and defecation fertilize vegetation and seeds are dispersed by endozoochory (black circles in brown mound) and epizoochory. Megafauna activ-
ities may have been responsible for a substantial portion of the niche construction that occurred on the mammoth steppe.

Herbivore size and diversity

In the Pleistocene, megafauna had a median body weight
of ~182 kg, but by the late Holocene the median body
weight of grassland mammals had fallen to 0.7 kg, and
is even lower in contemporary grassland systems (Dirzo
et al. 2014). Trampling by megafauna and other fauna
therefore had potential to create soil disturbance beyond
that possible in most contemporary grasslands, where
herbivores are much smaller and lighter. Along with declines
in herbivore size, herbivore species and trait diversity have
also declined (Dirzo et al. 2014). Such reduced herbivore
activity has been an integral part of contemporary grass-
land development, during which time the shift in forbs
from dominance (cf Willerslev et al. 2014) to a subordinate
position (cf Seabloom ef al. 2013) in terms of abundance
has also occurred.

While less intense and less diversified levels of mamma-
lian herbivory may have reduced niche construction capac-
ity relative to that of earlier herbivore guilds, humans have
also played an increasingly important role in shaping

grassland systems. According to Eriksson (2013), land use by
humans in the pre-agricultural landscape of northwestern
Europe favored open pastures and fields that harbored a
diversity of plant species. At the onset of the Holocene,
human-mediated niche construction gradually became more
important; in addition to grazing management, humans were
using fire and cutting vegetation manually to facilitate spa-
tially stable and interconnected grasslands (Gibson 2009;
Eriksson 2013). The continuous existence of grasslands from
the Pleistocene to the Anthropocene in which forb and
graminoid growth forms are common suggests similar niche
construction forces have been, and continue to be, present
across grassland types despite different histories.

In northwestern Europe, the cessation or alteration of
human land use in recent decades has reduced niche con-
struction, with a concomitant loss of subordinate species
(Eriksson 2013; Weigl and Knowles 2014). For instance, the
forb Gentianella campestris is highly tolerant to grazing, but
continuous grazing throughout the growing season, as
opposed to seasonal grazing and cutting, has caused this spe-
cies to decline to such an extent that it is now listed as an
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at-risk species (Lennartsson and Oostermeijer 2001).
Continuous grazing reduces the time for plants to recover
and reproduce (Gibson 2009), and recovery time can be
especially short for rare, high-quality plant species - such as
forbs - that are selectively grazed (Figure 3; Olff and Ritchie
1998). Less diversified levels of herbivory and fire, along
with reductions in cutting practices, have likely caused more
uniform pressures on grasslands; palatable forbs may also be
less tolerant of such conditions.

Conditions for plant survival, growth, and reproduction

To persist in a community, plants generally need time and
resources to recover after grazing or cutting, from seeds,
buds, or regrowth, but specific requirements differ markedly
between species and contexts (Strauss and Agrawal 1999;
Wise and Abrahamson 2008). The effect of herbivores on
forb abundance in contemporary grasslands is therefore likely
to be highly context dependent (Hawkes and Sullivan 2001),
and in particular contingent on the functional traits of dom-
inant plant species (Avolio et al. 2019). In grasslands globally,
large mammalian herbivores (adult body mass >45 kg) and
herbivore richness reduce dominant plant species to the
extent that plant species richness is promoted (Koerner et al.
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2018), suggesting competitive effects of dominant plants are
important in limiting resource availability to both grazed
and ungrazed forbs.

Lack of regeneration possibilities is an important factor
contributing to the low abundance of forb species in contem-
porary grasslands. Seedling establishment of subordinate or
transient forbs, as with other species, is often constrained by
the availability of safe germination sites or gaps (Figure 3; Olff
and Ritchie 1998; Turnbull et al. 2000), but gaps are not simply
open spaces, as roots or other plant organs may be present
below the ground surface, preventing seedling establishment
(Armas and Pugnaire 2011). Clonal rhizomatous plants,
including several dominant grasses, often occupy upper soil
horizons, giving them a competitive advantage and the capac-
ity to suppress plant species richness (Figure 3; Eilts et al.
2011). Disturbances that disrupt belowground plant domi-
nance, such as the activity of herbivores, can generate sites safe
for forb germination. As Grime (1998) stated, “the persistence
of subordinates in...grassland...vegetation is frequently
dependent upon periodic events (disturbance) that temporar-
ily restrict the vigor and competitive effects of dominant
plants”. Such disturbance of vegetation can also facilitate regen-
eration from buds (Klime$ovd and Klime$ 2007; Wise and
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Figure 3. Weak plant—herhivore feedbacks in contemporary grasslands. Forb populations are assumed to be small and fragmentary, as they are part of
the subordinate or transient species pool under strong competition from dominant species of caespitose and rhizomatous graminoids (or the occasional
dominant forb). Dense, shading vegetation reduces light resources, while lateral spread of rhizomes and roots reduces belowground regeneration opportu-
nities. Seed germination and bud sprouting (solid black circles) are reduced and the capacity of the grassland to regenerate favors dominant plant species.
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Abrahamson 2008). It would seem, then, that disturbance in
grasslands must occur frequently, both spatially and tempo-
rally, for a range of subordinate and transient species to thrive.

However, gaps may not result in successful regeneration if
propagule availability of subordinate species is limited.
Accordingly, seed addition to disturbed vegetation (ie gaps)
can increase plant species richness by up to 70% (Myers and
Harms 2009). Forbs are usually more seed-limited than grasses,
and increasing population size from seeds in grasslands is less
likely for forb than for grass species (Turnbull et al. 2000). Seed
limitation probably results from the interactions of several fac-
tors, including lower rates of pollination due to declines in
pollinator diversity and abundance (eg Potts et al. 2016). A key
driver of pollinator decline is reduced abundance of host
plants (insect-pollinated plants such as forbs), where reduced
seed set and associated forb decline represent growing threats
to both subordinate forbs and their pollinators (Biesmeijer
et al. 2006). Reductions in pollination and seed availability,
therefore, are other important factors as to why forbs are sub-
ordinate in grasslands (Figure 3).

A fourth factor accounting for the lower abundance of forbs
is access to sunlight (Figure 3). Several forb species are light
dependent (Weigl and Knowles 2014) and therefore resource-
limited if shaded by taller vegetation. In grasslands where the
majority of species are forbs (Seabloom et al. 2013), a positive
relationship between increased light availability (as a conse-
quence of herbivory) and species richness was found (Borer
et al. 2014). Furthermore, the recent synthesis of global grass-
land studies, revealing that plant species richness was higher in
grasslands where herbivores reduced the abundance of domi-
nant species (mentioned above), also indicates that light avail-
ability is a limiting factor (Koerner et al. 2018). Additional
indirect evidence of light limitation comes from studies show-
ing that N enrichment benefits the growth of grasses more
than forbs (Wooliver et al. 2016); while plant species richness is
declining in European grasslands in response to anthropogenic
N deposition, sites with lower rates of N deposition have both
higher species richness and higher proportions of forb species
(Dupre et al. 2010). It can therefore be assumed that N deposi-
tion puts forb species at higher risk. However, plant species
richness is also higher in fertilized grasslands where herbivory
increases light availability (Borer et al. 2014) and in more pro-
ductive grasslands where herbivory reduces plant species dom-
inance (Koerner et al. 2018), suggesting that forbs are at a
competitive disadvantage to other growth forms, particularly
when light is a limiting factor.

In summary, we present three hypotheses for why forbs
thrive in contemporary grasslands. First, regeneration gaps and
access to sunlight that, in our interpretation, must have been
common in the mammoth steppe appear to be key to develop-
ing and maintaining high forb species richness in present-day
grasslands. Second, regeneration gaps likely promote forbs as
long as propagules are not a limiting factor. Third, improved
conditions for various guilds of forbs to establish, grow, and
flower may trigger feedback loops, in which conditions for
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pollinators are improved, leading to higher rates of pollination
and consequently enhanced forb seed production and
abundance.

@ Conclusions

At a global level, forbs are the most species-rich, phyloge-
netically and functionally diverse growth form in grasslands.
In addition, forbs rank high among grassland species in
terms of primary productivity, nutrient content, production
of anti-herbivory defenses, and tolerance to herbivory, and
play a disproportionate role in influencing grassland function.
Therefore, forbs are of central importance not only to the
conservation of biodiversity within, and the functioning of,
the grassland biome but also to its future sustainable
management.

The consistent presence of forb species in grasslands from
the Pleistocene to the present suggests that the conditions
determining forb prevalence can potentially guide their con-
servation. We hypothesize that forbs thrived under the niche
construction (sensu Odling-Smee et al. 2003) behaviors and
activities of the megaherbivores that lived on the mammoth
steppe, and that such niche construction may be essential for
maintaining high species richness and productivity in
present-day grasslands (eg Weigl and Knowles 2014). We fur-
ther hypothesize that regeneration conditions and access to
light - conditions also assumed to be the result of megafauna
behaviors and activities in the mammoth steppe - are linked
to higher species richness of forbs in contemporary
grasslands.

We recommend that greater research and management
effort be focused on the various guilds of forbs to conserve the
biodiversity and functioning of the grassland biome world-
wide. In particular, more attention should be given to the sub-
ordinate and transient forb species, their phylogenetic diversity
and relevant functional groupings, and how conditions for
promoting their survival, growth, and reproduction can be
improved throughout the world’s remaining grassland
systems.
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