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Commentary

A new look at phenotypic
disparity and diversification rates
in island plant radiations

Floras of oceanic islands and tropical sky islands are famous for
examples of diverse cladesmarked by striking disparity in life forms.
Such groups have long been a source of fascination to botanists
interested in the potential of evolutionary radiations to generate
ecologically distinctive lineages (Carlquist, 1974). Over the past
30 years, phylogenetic and other comparative studies have led to a
much-improved understanding of the timing and patterns of
biogeographic and speciation events, ecological shifts, and other
phenotypic change in a wide diversity of major plant radiations
worldwide (Hughes et al., 2015). In that same timeframe, discov-
eries of the closest relatives of island clades have helped to
understand the origins of insular floras, including the dispersal
characteristics and genomic constitutions of founding lineages
(Price & Wagner, 2018). Lacking in all of this activity have been
quantitative comparisons of the magnitude of diversification
(speciation minus extinction) and disparification (evolution of
trait disparity throughout a clade) between island plants and their
noninsular relatives. In New Phytologist, a recent article by N€urk
et al. (2019, doi: 10.1111/nph.15797) offers such a comparison,
with a focus on four well-studied clades that each include
prominent evolutionary radiations from oceanic or sky islands:
theHawaiian silversword alliance andCalifornia IslandsDeinandra
(Madiinae, Asteraceae), Macronesian Echium (Boraginaceae),
Andean Hypericum (Hypericaceae), and Andean Lupinus
(Fabaceae).

‘Lacking in all of this activity have been quantitative

comparisons of the magnitude of diversification . . . and

disparification . . . between island plants and their

noninsular relatives.’

Using model-based tests for evolutionary rate differences
between insular and noninsular clades, N€urk et al. found higher
diversification rates in the oceanic and sky-island clades, as
expected if ecological opportunities in island-like environments
act as an evolutionary stimulus (Stroud & Losos, 2016). Previous

studies had found exceptionally high diversification rates in some
island plant clades, including ones examined here, but N€urk et al.
(2019) provide critical evidence that those rates represent
acceleration of diversification in insular settings. The one clade
in which significantly higher diversification was not consistently
associated with island conditions was the tarweed–silversword
group (Madiinae), but that result is unsurprising in light of
mainland tarweed diversity. The tarweeds represent a major
example of evolutionary radiation in the California Floristic
Province – a global biodiversity hotspot with island-like qualities,
where a mid-Miocene climatic shift toward the development of
Mediterranean-like (summer-dry) conditions preceded the onset
of mainland tarweed diversification (Baldwin, 2014; Landis et al.,
2018).

The question of whether insular clades conform to the central
criterion of adaptive radiation – namely, the evolution of a
diversity of ecological roles and associated traits (see Givnish,
2015) – and show greater evidence of such disparification than
their noninsular relatives is more difficult to address than
differences in diversification rates. With a focus on mean plant
height as a functional trait predicted to vary in relation to
ecological niche, N€urk et al. conducted evolutionary model-
based tests for differences between insular and noninsular clades
in overall trait disparity and, in a separate trait-saturation
analysis, the proportion of overall trait space represented by
each clade. Although the potential for detecting significant
differences between clades was limited by examination of a
single trait, the general finding of higher overall trait disparity,
taller plant height optima, and greater trait space saturation in
the insular clades by comparison with noninsular clades
represents novel quantitative evidence for heightened disparifi-
cation in island environments, in keeping with expectation for
adaptive radiations.

In addition to the availability of ecological opportunity in young
insular environments, intrinsic organismal characteristics have long
been recognized as important considerations in assessing the
potential of plant lineages for island colonization and evolutionary
radiation. Dispersal to islands generally favors plants that produce
small, easily transported propagules, most commonly associated
with an herbaceous habit; by contrast, island life in oceanic settings
or in tropical sky-islands has been hypothesized to favor plants
capable of year-round growth, in a relatively equable or nonsea-
sonal climate, where stem anatomy often shows evidence of
secondary woodiness (Carlquist, 1974, 2017). Carlquist’s hypoth-
esis correspondswellwith the repeated phylogenetic demonstration
of woodiness being derived from an ancestral herbaceous condition
in island clades, including those commonly regarded as examples of
adaptive radiation (e.g. Lens et al., 2013). Building on this past
framework, N€urk et al. found that secondary woodiness (or
perennial habit, in lupines) generally evolved at the base of oceanicThis article is a Commentary on N€urk et al. (2019), doi: 10.1111/nph.15797.
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or sky-island clades and thus was tightly associated with elevated
diversification and disparification.

N€urk et al. note that secondary woodiness may be a key
innovation that allows for evolution of more extensive life-form
diversity and, accordingly, exploration of ecological opportunities
and partitioning of niche space in island-like environments, in line
with their trait-saturation findings. Although accelerated diversi-
fication is associated with evolution of the perennial herbaceous
habit, rather than secondary woodiness, in lupines, the authors
point to their finding of amplified disparification in the secondarily
woody Andean lupines, nested within the perennial clade. They
also make the important observation that resolved reversals from
secondary woodiness to herbaceousness in Andean lupines and
hypericums are associatedwith transitions to lower-elevation,more
seasonal and drier environments. Taken together, the findings of
N€urk et al. are in complete harmonywithCarlquist’s hypothesis for
the origin of secondary woodiness in island or island-like
environments and less easily reconciled with Darwin’s (1859)
suggestion that competition for light selected for island arbores-
cence or Wallace’s (1878) idea that pollinator-depauperate condi-
tions and consequent delay in reproduction favored long-lived
island plants.

As noted by N€urk et al., comparative studies of additional
clades with insular and noninsular diversity are warranted to
extend the insights from their work. Additionally, the potential
importance of other factors in promoting evolutionary radiations
in island-like situations needs more attention. Only a small
fraction of successful island plant colonists give rise to diverse
clades, with the majority of island plant lineages including only
one or two recognized species (e.g. Price & Wagner, 2011).
Priority effects probably account for some of this disharmony,
with greater ecological opportunity for early arrivals (Silvertown
et al., 2005), but timing of colonization is unlikely to be a
sufficient explanation, even if secondary woodiness is taken into
account. Misleading taxonomies are also unlikely to explain
these patterns, despite evidence for cryptic diversity and even
cryptic adaptive radiation in island plants (Pillon et al., 2014).
The idea of evolvability, that is, that some lineages are inherently
more predisposed to diversify than others, is difficult to escape
when considering the number of taxa that have repeatedly
undergone diversification in different island-like environments,
sometimes in highly similar ways (see Stroud & Losos, 2016).

Mounting evidence indicates that intrinsic and extrinsic factors
promoting the acquisition or retention of genetic variation may
have a substantial influence on the diversification potential of island
organisms. In the sunflower family, Asteraceae, for example, which
has been highly successful in diversifying in oceanic and tropical sky
islands worldwide, lineages that underwent extensive radiation
after extreme long-distance dispersal often have characteristics
favoring outcrossing or they descend from ancestors that under-
went polyploidization shortly before island colonization (Crawford
et al., 2009). Although most of these clades are capable of selfing –
in accord with Baker’s Rule (Baker, 1967) that long-distance
colonists will tend to have such ability – crossing studies of notably
diverse clades often have shown that outcross pollen is favored over
self-pollen (pseudo-self-compatibility). True self-incompatibility

has been documented across major lineages of the Hawaiian
silversword alliance, as well (Carr et al., 1986). Another means of
promoting or enforcing outcrossing, sexual dimorphism (dioecy),
is also extensive in the angiosperm floras of remote islands, such as
the Hawaiian archipelago, where three of the 12 most species-rich
clades include dioecious taxa (Sakai et al., 1995), that is, Bidens
(Asteraceae), Melicope (Primulaceae), and Schiedea (Caryophyl-
laceae).

The most extreme form of outcrossing – hybridization – has
been increasingly implicated as an important factor in insular
evolutionary radiations, as an unusually rich source of genetic
variation on which natural selection can act (Marques et al.,
2019). Although in situ polyploidization is rare in oceanic island
floras, young-allopolyploid ancestry in some major examples of
insular radiation, such as the Hawaiian silversword alliance and
Hawaiian mints, may have provided enough allelic variation
across parental genomes to compensate in part for genetic
bottlenecks associated with long-distance dispersal (founder
effects) and small population sizes in general (Barrier et al.,
1999; Roy et al., 2015). Homoploid hybrid speciation involving
divergent, interfertile lineages also has been well documented in
island-like settings, for example, in Hawaiian Scaevola (Howarth
& Baum, 2005), with transgressive segregation and proximity of
distinctive habitats allowing for the evolution of stable, ecolog-
ically distinct hybrid lineages (Kagawa & Takimoto, 2018).
Retained interfertility within island plant radiations is a common
pattern (Crawford & Stuessy, 1997) that is consistent with the
youth of island clades, mechanisms of ecological speciation, and
prevalence of long-lived perennial life forms (see Levin, 2013).
In other words, secondary woodiness may contribute to the
potential for adaptive introgression and hybrid speciation within
island lineages. The climatic stability that favors evolution of
secondary woodiness may contribute to evolution of narrow
ecological and dispersal breadth within lineages, as well, and
higher diversification rates, as shown recently for Andean aquatic
arthropods, in line with Janzen’s climatic variability hypothesis
(Janzen, 1967; Polato et al., 2018). Such dense packing of
lineages within a small area may elevate the likelihood for
hybridization to contribute to diversity. As noted by Knope et al.
(2012) for Hawaiian Bidens, the high diversification rates
estimated for some oceanic island plant clades are especially
striking when examined in the context of the small geographic
area involved. Ongoing genomic-scale investigations of plant
clades that span mainland and island-like settings should shed
more light on these issues (Crawford & Archibald, 2017) and
build on the findings of N€urk et al., whose study brings into even
sharper focus the value of Carlquist’s enduring contributions to
island plant biology.
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