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Summary

Adaptive radiation is the rise of a diversity of ecological roles and role-specific adaptationswithin

a lineage. Recently, some researchers have begun to use ‘adaptive radiation’ or ‘radiation’ as

synonymous with ‘explosive species diversification’. This essay aims to clarify distinctions

between these concepts, and the related ideas of geographic speciation, sexual selection, key

innovations, key landscapes andecological keys. Several examples aregiven todemonstrate that

adaptive radiation and explosive diversification are not the same phenomenon, and that

focusing on explosive diversification and the analysis of phylogenetic topology ignores much of

the rich biology associated with adaptive radiation, and risks generating confusion about the

nature of the evolutionary forces driving species diversification. Some ‘radiations’ involve bursts

of geographic speciation or sexual selection, rather than adaptive diversification; some adaptive

radiations have little or no effect on speciation, or even a negative effect.Many classic examples

of ‘adaptive radiation’ appear to involve effects driven partly by geographic speciation, species’

dispersal abilities, and the nature of extrinsic dispersal barriers; partly by sexual selection; and

partly by adaptive radiation in the classical sense, including the origin of traits and invasion of

adaptive zones that result in decreased diversification rates but add to overall diversity.

Introduction

Adaptive radiation – the rise of a diversity of ecological roles and
attendant adaptations in different species within a lineage (Givnish,
1997) – is arguably one of the most important processes linking
ecology and evolution. As exemplified by such groups as Darwin’s
finches (Lack, 1947; Grant & Grant, 2008), African rift-lake
cichlids (Seehausen, 2006; Muschick et al., 2012), Australian
marsupials (Springer et al., 1997; Nilsson et al., 2010), Caribbean
Anolis lizards (Losos, 2009;Wollenberg et al., 2013) andHawaiian
honeycreepers (Lerner et al., 2011), silverswords (Carlquist et al.,
2003), and lobeliads (Givnish et al., 2009;Givnish&Montgomery,
2014), adaptive radiation is central to the origin of adaptations, the
generation of biological diversity and the coexistence of closely
related species.

Adaptive radiation is thought to be driven mainly by divergent
selection caused by competition among closely related – and

therefore, ecologically similar – species (Simpson, 1953; Givnish,
1997; Schluter, 2000). Adaptive radiation may be most likely in
circumstances where alternative resources are underutilized by
other species, as a consequence of mass extinction, of invasion of
isolated islands, mountains or lakes by one or a few lineages, or
through the evolution of a ‘key innovation’ (e.g. wings) that opens a
new adaptive zone that can subsequently be partitioned ecologically
(Simpson, 1953). Givnish (2010) argues that abundance may also
be an important driver of ecological character displacement and,
thus, of adaptive radiation in colonists of new or depopulated
landscapes or adaptive zones, given that such abundance – together
with the absence or rarity of other species competing for similar
resources – would maximize selection for divergence in sympatry
among related colonists. Initial divergence of colonizing popula-
tions in each other’s absence might also arise if partially isolated
islands or island-like areas offer strikingly different conditions.
Such divergence, however, might not lead to daughter species that
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can coexist locally without additional character displacement
driven by competition in sympatry.

Of the early writers on adaptive radiation (Osborn, 1902;
Huxley, 1942; Lack, 1947; Simpson, 1953;Carlquist, 1965;Mayr,
1970; Stebbins, 1974), only Simpson includedwhat wemight term
explosive speciation in his concept of the process. However, even
Simpson (1953) explicitly stated that a similar pattern of ecological
divergence into a variety of adaptive zones, shaped by the same
processes of competition and natural selection, might proceed
gradually aswell. Thismakes eminent sense:without any possibility
of debate, the Australian marsupials would constitute an adaptive
radiation whether they diverged in 1Myr or (as in fact) 50Myr
(Nilsson et al., 2010), and whether they constituted 23 surviving
species or (as they actually do) 236 species (Wilson & Reeder,
2005). Without any possible debate, the striking functional,
morphological and ecological divergence seen in Darwin’s finches
in the Galapagos marked them as an adaptive radiation (Grant &
Grant, 2008) even before we knew that their 14 species diversified
in only 2.3 Myr (Sato et al., 2001), and despite the fact that they
diversified at no higher rate than the coerebid tanagers of tropical
America and the Caribbean from which they arose (Burns et al.,
2014). Without any possible debate, the unequaled range of
nutrient-capture strategies seen in the genusBrocchinia identify it as
an adaptive radiation, even though their species number only 20
and they took 14Myr to diverge from each other, and are sister to
the clade of all 3200 other species of bromeliads (Givnish et al.,
1997, 2014). Definitions of adaptive radiation that require
accelerations of species diversification relative to sister groups will
thus fail to identify Darwin’s finches and Brocchinia as adaptive
radiations; excluding such iconic examples of adaptive radiation
makes such diversification-based definitions untenable.

Yet, over the last two decades, there has emerged a distressing
tendency to conflate explosive species diversification with adaptive
radiation. Guyer & Slowinski (1993) argued that a hallmark of
adaptive radiation is that ‘some organisms have features that allow
them to speciate more prolifically or become extinct less frequently
than organisms without these features’, and then provided a
quantitative test of whether individual phylogenies show a
significant imbalance of proliferation rates that, in their view,
would reveal a signature of adaptive radiation. Slowinksi & Guyer
(1993) stated baldly that ‘Traits believed to have caused increased
diversification are usually termed ‘key innovations’ or ‘key
adaptations’’, and then provided an additional test of whether a
particular trait was consistently associated with elevated rates of net
diversification among lineages.

Characteristics of adaptive radiation

This view of adaptive radiation is problematic at several levels, in
that it excludes several essential qualities of the phenomenon and
includes some that are not truly characteristic of it. First, this view
ignores entirely what were the core issues of adaptive radiation as
viewed by Osborn, Huxley, Lack, Simpson, Carlquist, Mayr and
Stebbins, namely: (1) an increase in the range of ecological roles
collectively exhibited bymembers of a lineage (e.g. seed eating, fruit
eating, gleaning insects from leaves, probing for insects under bark

in Darwin’s finches); and (2) a corresponding increase in the
diversity of traits associated with such roles (e.g. variations among
species in beak size and shape). Second, it ignores whether traits
associated with different ecological roles have actually been shown
to be adaptations, through comparative, functional or population
analyses, including convergence between ecologically analogous
species in unrelated adaptive radiations (Givnish, 1997). Third, it
ignores whether close relatives in a lineage compete with each other
and exert selective pressure to drive divergence (Schluter, 2000).
Fourth, it ignores the rate at which a lineage fills morphospace and
whether, possibly, that rate decelerates through time (Givnish et al.,
2005; Jønsson et al., 2012). Fifth, it ignores whether supposed ‘key
innovations’ trigger the invasion of additional volumes of
morphospace and ecospace, as Liem (1973) and others argued for
the rise of pharyngeal jaws and how they allowed wide diversifi-
cation in the morphology of external jaws and dietary choice in
African rift-lake cichlids. Sixth, it ignores the extent to which
species within a lineage overlap in geographic distribution, even
though such overlap should bemore likely in ecologically divergent
species (Diamond, 1973; Schluter, 1996; Grant & Grant, 2006)
andmight occur little, if at all, in taxa undergoing speciation due to
limited dispersal (Givnish, 1997; Patterson&Givnish, 2004; Kisel
& Barraclough, 2010).

Seventh, it focuses on an aspect of adaptive radiation –
acceleration of net species diversification compared with close
relatives – that simply is not a defining characteristic (Givnish,
1997). Darwin’s finches – the very apotheosis of adaptive radiation
– fail to show any such acceleration comparedwith their immediate
coerebid relatives (Burns et al., 2014) despite exhibiting remarkable
divergence in ecological roles and in beak and wing traits in
morphospace (Jønsson et al., 2012). Brocchinia shows a net rate of
species diversification far lower than that of their sister group (all
other bromeliads), despite having evolved more different means of
obtaining mineral nutrients than any other genus of flowering
plants (Givnish et al., 1997). Finally, the Guyer-Slowinski view
ignores the fact that several other processes and factors can
accelerate speciation or slow extinctionwithout adaptive divergence,
notably through the facilitation of geographic speciation by: (1)
limited dispersal (Mayr, 1970;Givnish, 1997, 1998, 2010; Kisel&
Barraclough, 2010); (2) life in extensive cordilleras, archipelagoes,
lake systems or submarine outcrops dissected by multiple natural
barriers to gene flow and species dispersal (Mayr, 1970; Gentry &
Dodson, 1987; Grant & Grant, 2008; Losos & Ricklefs, 2009;
Givnish et al., 2014; Wagner et al., 2014); and (3) sexual selection
(Seehausen et al., 1997; Seehausen & Van Alphen, 1999; Podos &
Nowicki, 2004; Grant & Grant, 2008). Fossorial rodents, plants
with heavy seeds and brooding sea anemones all show extensive
diversification without any evidence that selection for adaptive
divergence as an important driver.Navia is by far the largest genus
of bromeliads endemic to the tepuis of the Guayana Shield; its
species differ little from each other in vegetative morphology or
floral form, but it is one of only two bromeliad genera with naked
seeds, bereft of any means of long-distance dispersal (Givnish,
1997).

The conflation of adaptive radiation (or simply ‘radiation’ as it is
often put) with explosive diversification has become fairly
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widespread (Sanderson & Donoghue, 1994; Heard & Hauser,
1995; Davies et al., 2004; Klak et al., 2004; Hughes & Eastwood,
2006; Arakaki et al., 2011; Couvreur et al., 2011; Drummond
et al., 2012; Linder et al., 2014) – and indeed is captured in the very
title of this symposium. The appeal of the Guyer-Slowinski
perspective is that it provided the first steps toward quantitatively
testing whether speciation, extinction or net diversification showed
significant acceleration within a lineage, and whether particular
traits were associated with that acceleration, all based on nothing
more than a phylogeny and the distribution of the states of one or
more characters across extant taxa. Such analyses are, I must
emphasize, of enormous inherent interest, and the likelihood tests
of Sanderson & Donoghue (1994) and the algorithms used in the
programs such as GEIGER (Harmon et al., 2008), MEDUSA
(Alfaro et al., 2009), BiSSE (Maddison et al., 2007; FitzJohn et al.,
2009) and BAMM (Rabosky, 2014) are being widely, productively
and increasingly used to test for variation in net diversification
and its significant correlates. But progress in our ability to
analyze variation in and the causes of diversification should be
valued in its own right. Adaptive radiation is simply not explosive
diversification.

Why should we care about this distinction? Nothing could be
more pointless than a pedantic debate about definitions that goes
nowhere. I would argue, however, that making a distinction
between adaptive radiation and explosive diversification is funda-
mental to understanding evolution, and that failure to make such
distinctions can blur such understanding and hinder progress.

Montane lupines

To illustrate this point, let us consider the supposed ‘replicate
adaptive radiations’ and ‘key innovations’ in montane lineages of
Lupinus (Fabaceae) studied byDrummond et al. (2012).Hughes&
Eastwood (2006) had earlier shown that a monophyletic group of
81 Andean lupines had arisen in the last 2–4Myr, and thus
exhibited one of the highest rates of net species diversification
known in plants. Hughes&Eastwood were careful to use the terms
‘explosive plant species diversification’ and ‘radiation’ rather than
adaptive radiation, but also referred to ‘key innovations’, a term
that has historically been used only in connection with adaptive
radiation per se.

Drummond et al. (2012) used amolecular phylogeny of Lupinus
to identify multiple (adaptive) radiations in the NewWorld, based
on three significant accelerations of net species diversification in
western North and South America, in Mexico and the Andes, and
in lowland grassland and campos rupestres in eastern South
America (primarily Brazil). Additional information suggested that
the ‘super-radiation’ of Lupinus in the western Americas had nested
within it three separate radiations in clades endemic to western
North America, Mexico and the Andes. Evidence advanced
regarding the nature of these diversifications as (adaptive) radia-
tions included the diversity of growth forms in the montane clades,
and the wide range of elevations and habitats occupied. The
perennial iteroparous habit was identified as a ‘key innovation’
because it was consistently associated with accelerated rates of net
diversification.

What’s wrong with this picture? First, it is by nomeans clear that
montane lupines actually constitute adaptive radiations in the
historic sense: Where is the evidence that variation in growth form
or life history has permitted different species to invade and
dominate different kinds of habitat in the montane zone? Or that
such phenotypic variation has allowed closely related species to
coexist locally (e.g. see Rundell & Price, 2009)? Yes, the ability to
invade higher elevations makes available a wide range of habitats
that can be partitioned, but the numbers of species that arose after
isolated elevational shifts could simply reflect geographic speciation
within the montane zone (e.g. nonadaptive radiation sensu
Gitzenberger, 1991; Givnish, 1997; Rundell & Price, 2009).

Second, the identification of the perennial habit as a ‘key
innovation’ in montane lupines makes no sense. Perennial
iteroparity (long life with repeated bouts of reproduction) was
identified as a candidate key innovation using BiSSE, following the
Guyer-Slowinski paradigm – the lineages with high rates of
diversification all shared the perennial iteroparous habit, and not
the annual semelparity (one time only reproduction) seen in other
lupines. But this overlooks comparisons with other lineages: almost
every clade at high elevations in the Andes, for example, consists of
perennials, and yet probably none has as high a rate of diversifi-
cation as lupines do, as so ably documented byHughes&Eastwood
(2006). Of course, a trait might be a key innovation in one
ecological context, and not in another, depending on the range of
ecological resources and competitors faced by different lineages; for
many fish biologists, pharyngeal jaws appeared to be a key
innovation in the African rift lakes, but not in the streams and rivers
from which the highly diverse rift-lake cichlids arose (Fryer & Iles,
1972; Liem, 1973; Greenwood, 1984; see also Schweizer et al.,
2014 for nectarivory in parrots). It may be illuminating to view
pharyngeal jaws instead as a background condition favoring
adaptive radiation (sensu Bouchenak-Khelladi et al., 2015; this
volume), and see the immediate trigger for rift-lake cichlid
diversification as instead being exceptional genomic variation and
lability, given that rift-lake lineages display accelerated evolution of
regulatory and coding sequences, insertions of transposable
elements and novel microRNAs, and retention of ancient
polymorphisms, possibly reflecting ancestral hybridizations
(Brawand et al., 2014). Such genomic traits provide rich material
on which divergent selection has acted, but they are not key
innovations sensu Simpson (1953) – they are not themselves the
instrumentalities provided by phenotypic traits that allow invasion
of new adaptive zones.Howcanperenniality be a key innovation, in
the sense of triggering diversification, if it hardly ever does so across
lineages in the same environment? Indeed, in California, annuals
appear to be associated with much higher rates of diversification
than perennials (Lewis, 1962, 1966; Raven & Axelrod, 1978;
Givnish, 2010). Drummond et al. (2012) themselves note that
perenniality might not be a key innovation, if codistributed traits
instead drove diversification (Maddison et al., 2007; Losos, 2011),
or if perenniality evolved in response to factors other than elevation.

I would argue for a different explanation for lupine evolution in
montane areas and campos rupestres. At high elevations in the
tropics, where conditions are ‘summer every day and winter every
night’, (Hedberg, 1964), nightly formation of ice crystals in the soil
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militate strongly against the annual habit, for the simple reason that
small seedlings are thrown out of the soil by frost heaves. At high
elevations, that should select for perennials with vegetative spread
that don’t face the demographic bottleneck caused by seedling
mortality. Infertile soils combined with intense fires should also
work against seedlings and thus the annual habit, whichmight help
account for the high incidence of perenniality in the campos
rupestres of Brazil (and in bogs and pocosins worldwide).

Additional factors favor Lupinus per se in montane areas and
campos rupestres. Cold soils, especially those recently derived from
bedrock – as are likely to prevail at high elevations in the Rockies,
Central America and the Andes – are likely to be N-limited, due to
soil youth and the short time available for N fixation, cold
inhibition of microbial decomposition and remineralization of N,
and the relative abundance of phosphorus in the parent material
(Vitousek&Farrington, 1997;Chadwick et al., 1999;McNown&
Sullivan, 2013). The N-fixing capability of lupines should
therefore provide them with an ecological edge in many montane
habitats, especially early in succession (e.g. see Morris & Wood,
1989). Fire also volatizes much of the N supply in fireswept
ecosystems, giving N-fixers an advantage in such systems (e.g.
campos rupestres) as well (Vitousek & Howarth, 1991; Leach &
Givnish, 1996). So the N-fixing symbioses of Lupinus – unmen-
tioned by Hughes & Eastwood (2006) and Drummond et al.
(2012) –may be a key trait permitting invasion of montane zones
and campos ruprestres, whereas the perennial habit may have been
strongly selected after invasion of such habitats.

Lupinus is marked by large seeds and (usually) short stature, a
combination of traits likely to result in limited seed dispersal.
N-fixation itself may favor large seeds, given its high start-up costs
(Pate, 1985), accounting for the relatively large seeds seen in
Fabaceae generally and in Lupinus specifically. Genetic studies have
shown highly restricted gene flow in natural and agricultural lupine
populations (Schaal, 1980; Hamblin et al., 2005).

I would therefore assert that the combination of inherently low
dispersal ability, short distances of overall gene flow, and life in
extensive montane areas dissected by numerous natural barriers
(e.g. valleys, ridges, drier orwetter than optimal areas) is what drives
the exceptional rates of net diversification in Lupinus in montane
areas, combined with adaptive radiation in elevational distribution
(although the extent of elevational turnover of species in a given
area vs horizontal turnover of species geographically remains
undocumented). Furthermore, although a short, perennial herba-
ceous or shrubby habit combined with N-fixing ability almost
surely helps permit invasion of montane areas, I would argue that
these should not be seen as ‘key innovations’, in the sense of opening
up a wide range of new ecological and adaptive possibilities, in the
way that (for example) wings permitted not merely foraging in the
air and nearby elevated surfaces, but also allowed specialization on
foraging in those areas in different ways, involving substantial
variation in wing size and shape. Rather, the combination of a short
habit, perennial life history and N-fixing ability should provide a
more-or-less one-dimensional advantage in a montane (or fire-
swept) landscape, with poor dispersal and the dissected nature of
that landscape resulting in high diversification subsequently (see
‘key landscape’ concept of Givnish, 1997). Part of this perspective

incorporates what Drummond et al. (2012) call the ‘montane
mosaic’, but they overlooked the role of limited dispersal and N
fixation.

One additional piece of support for this explanation – based on
making clear distinctions between adaptive radiation and geo-
graphic speciation, and between key innovations and limited gene
flow – is that most montane Lupinus species are narrowly endemic
to small areas, with very few co-occurring in any one area (C.
Hughes, pers. comm.). Based on arguments given previously (see
the Sixth point in the Introduction above), this pattern appears
more likely to be a signature of geographic speciation coupled with
limited dispersal ability. In essence, I would argue that montane
lupine lineages are diverse not because they have evolved a rich
variety of different ways ofmaking a life in alpine landscapes, which
would allow several of them to coexist locally (see Schweizer et al.,
2014), but instead because they have a number of traits that permit
them – all essentially in the same way – to inhabit such areas, and
because their low dispersal ability allows them to speciate rapidly
and at small spatial scales in such landscapes (see also Givnish et al.,
2014). Although Hughes & Eastwood (2006) note a diversity of
growth forms within Andean Lupinus, almost all of these are
morphologically quite similar, and are built at or close to ground
level, as expected in high-elevation herbs and subshrubs.Hughes&
Eastwood (2006) note the absence of any physiological novelty that
might account for the rapid diversification of Lupinus above the
treeline (but see my comments above regarding the importance of
N fixation). The extent of diversification due to adaptive radiation
in elevation within Andean lupines – both in absolute terms and
relative to that due to limited dispersal and geographic speciation –
remains undocumented.

My argument is similar to that made by Ihlenfeldt (1994) and
Klak et al. (2004) to account for the high diversification rate of the
ruschioid Aizoaceae. Those authors hypothesized that the
extremely limited movement of seeds via splash dispersal would
lead to speciation at small spatial and temporal scales; genetic
differentiation among populations at such small scales could also
lead to selection for divergent adaptations to different kinds of
microsites, leading to limited coexistence of species at small scales.

Similar arguments probably apply to many other systems. For
example, the African rift-lake cichlids (c. 1000 of 1600 species
worldwide in the family) have long been viewed as an exemplary
case of adaptive radiation (Fryer & Iles, 1972; Liem, 1973;
Greenwood, 1984;Meyer et al., 1994;McMahan et al., 2013), and
they do show a remarkable interspecific breadth in external jaw
morphology corresponding to great interspecific diversity in diet
(Chakrabarty, 2005; Clabaut et al., 2007), with extraordinary
convergence among ecological analogues in different lakes (Kocher
et al., 1993). But ecologically diverse as rift-lake cichlids are, they
exhibit no more than a few dozens of ways of making a living, not
nearly enough to account for 1000 species. What accounts for the
missing factor of 20 ormore in diversity? It appears most likely that
limited dispersal – caused by mouth-breeding and limitations of
many populations to isolated rock outcrops, driven by heavy
predation pressures and ultimately by the great depth of the lakes
and hence their clarity in the shallow depths occupied by cichlids –
amplifies diversification via geographic speciation within and
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among lakes, resulting in communities of ecological analogs being
replicated locally and regionally (Kocher et al., 1993; Sturmbauer
et al., 2001; Seehausen, 2006; Wagner & McCune, 2009). Ole
Seehausen (pers. comm.) notes that parallel ecological divergences
within lakes are likely to characterize major regions of a lake rather
than individual islands, and that a number of cases of apparent
parallel adaptive radiations within lakes have been re-evaluated in
terms of post-speciation gene flow. Numerous studies have shown
very fine-scale spatial genetic structure in African rift-lake cichlids
restricted to rocky outcrops (Danley & Kocher, 2001; Rico &
Turner, 2002; Wagner & McCune, 2009; Seehausen & Wagner,
2014). The allopatry of many closely related species within some
African rift lakes, and their divergence in color but rarely in other
obvious traits related to diet or ecology, suggests a strong role of
sexual selection in speciation at small scales (Salzburger, 2009;
Mattersdorfer et al., 2012; Tyers & Turner, 2013).

More generally, limited dispersal and selection for adaptive
divergence can interact synergistically and generate parallel
adaptive radiations, as seen in cichlids in different African rift
lakes (Kocher et al., 1993), Caribbean Anolis on different islands
(Jackman et al., 1996), North American Calochortus (Patterson &
Givnish, 2004) and Hawaiian lobeliads (Givnish et al., 2009). For
rift-lake cichlids, high water clarity also apparently drives strong
sexual selection on male coloration, leading to more species in
clearer lakes (Seehausen et al., 1997). For rift-lake cichlids, it thus
appears that parallel adaptive radiations, geographic speciation
and sexual selection all help set high net rates of species
diversification. I would argue that the rift-lake cichlid radiations
may thus reflect the operation not merely of pharyngeal jaws as
‘background’ key innovations driving adaptive radiations in
feeding ecology, but also of deep transparent lakes as key
landscapes sensu Givnish (1997) as well, favoring restricted
dispersal, and driving divergence in feeding ecology and visual
divergence in traits related to mating.

Arguments along these lines can also be made for bromeliad
diversification. Phylogenetic analyses indicate that epiphytism, the
tank habit, hummingbird pollination and life in extensive tropical
cordilleras (Andes, Serra doMar) – all of which are closely coupled,
spatially, ecologically and evolutionarily – all significantly accel-
erate net diversification (Givnish et al., 2014). Epiphytism, the tank
habit and the origin of hummingbird pollination apparently open
new adaptive zones, in the sense that they make available a variable
volume of ecospace that can be partitioned by differentially adapted
species. Life in the montane zone of tropical cordilleras not only
favors the origin of epiphytism, tanks, and hummingbird pollina-
tion: it also permits geographic speciation to proceed in parallel at
several different points and in several different lineages at the same
time. Even a trait such as CAM photosynthesis, which does not
accelerate net diversification in bromeliads and thus would not be
viewed as a diversifying influence in any of the models correspond-
ing to theGuyer-Slowinski viewpoint, appears to have substantially
elevated overall bromeliad diversity by adding the (low) diversity of
lineages that were able to invade extremely dry regions, habitats and
microsites that might otherwise not have been available (Givnish
et al., 2014). So bromeliad diversification appears to combine
elements of adaptive radiation, geographic speciation and the

invasion of ecologically distinctive regions. Some traits are key
innovations that open up a diverse range of ecological roles that can
be partitioned by species differentially adapted to different portions
of ecological space, even though some (like CAM) result in
intrinsically lower rates of diversification.Other traits, such as life in
montane habitats, appear instead to be ‘evolutionary keys’ that
open up the invasion of ecologically rather monotonous real estate
that can, however, lead to geographic speciation through the
operation of natural extrinsic barriers to gene flow. Finally, there
appear to be ‘key landscapes’ – for example, montane habitats and
xeric habitats in the Andes – that appear to trigger the invasion of
new adaptive zones (e.g. epiphytism, CAM photosynthesis) and
accelerate speciation through geographic isolation with or without
adaptive radiation (Givnish, 1997).

Cichlids and bromeliads

What might be the best way to accommodate the competing views
of adaptive radiation as involving primarily ecological and adaptive
divergence vs the tempo of species diversification? We might
consider re-defining adaptive radiation as ‘the rise of a diversity of
ecological roles and associated adaptations within a lineage,
accompanied by an unusually high level or rate of accumulation
ofmorphological/physiological/behavioral disparity and ecological
divergence compared with sister taxa or groups with similar body
plans and life histories.’ Such a definition would retain traditional
components of adaptive radiation, while suggesting a way forward
that includes tempo, not in species diversification, but in the rate of
accumulation of disparity. The challenge with such a definition is
that species are easily counted, in amore or less comparable fashion
across contrasting lineages, whereas volumes of morphospace or
ecospace are less easy to quantify – and it ismost likely impossible to
do so in a thorough fashion that is comparable across all organisms.
But it is practical tomake quantitative and objective comparisons of
morpho- and ecospace volumes across at least some broadly similar
groups of organisms, as demonstrated for Caribbean vs Central
American Anolis lizards (Pinto et al., 2008), and Hawaiian
honeycreepers and Madagascar vangas vs other passerine birds
(Losos&Ricklefs, 2009; Jønsson et al., 2012). It would be a simple
matter to go from such data to calculations of the rate of change in
disparity. I recommend ‘explosive speciation’ or ‘bursts of
speciation’ to describe substantial increases in the rate of speciation
or net species diversification (= speciation – extinction), whether or
not there is decisive evidence for a substantial increase in morpho-
or ecospace occupied relative to comparable groups.

The moral of this story: If we are to understand the role of
adaptive radiation in shaping evolution, it is crucial to avoid fuzzy
definitions that blur the concepts of adaptive radiation and
explosive diversification, and how each might be affected by
geographic speciation, gene flow, sexual selection, key innovations,
key landscapes and ecological keys. Why call a biological
phenomenon a ‘radiation’ when what we really mean is an
explosive diversification . . . or a true adaptive radiation?Why call a
trait a key innovation when it is simply a lagging adaptation to the
invasion of a particular set of conditions – or an ecological key that
opens a landscape for geographic speciation?We can, of course, like
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Humpty Dumpty in Through the Looking Glass, make words mean
what we want them to mean. But it is far simpler to retain original,
simple meanings so that we do not lose track of important
distinctions as definitions (and perhaps conceptswith them)morph
into quite different things, dependent on transference and the
interests of the moment. Let us remember that, after all, things did
not work out all that well for Humpty Dumpty!
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