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Coregonus gutturosus in extant sister species,
implicating hybridization in that extinc-
tion. The authors also document lessened
differences in the fishes’ gill-raker numbers,
a key characteristic, in the most polluted
lakes. This finding is consistent with the
hypothesis that eutrophication reduced eco-
logical opportunity, which in turn weakened
selection for differences in feeding traits.

Previous cases of reverse speciation in
fishes** and birds® have shown that altered
ecological conditions”® can erode fragile
reproductive barriers and allow the formation
of viable hybrids. However, the mechanisms of
species collapse have often remained obscure.
The current study is noteworthy because
it establishes strong links among changed
environmental conditions, reduced ecologi-
cal opportunity and reverse speciation. The
scale of the effect in whitefish, studied over
decades and across 17 lakes, is also exceptional.
The work highlights an under-appreciated
aspect of biodiversity loss — ‘cryptic extinc-
tion, whereby considerable morphological
and genetic variability is maintained within
hybrids, but previously species-specific com-
binations of these features are lost.

Cryptic extinction may have a particularly
high impact on fish biodiversity because indi-
vidual lakes often contain unique species, and
fresh waters contain about 40% of all fish spe-
cies’. But reverse speciation can also occur in
terrestrial environments, particularly those
similar to lakes, such as volcanic islands®.

The major limitation of Vonlanthen and
colleagues’ study is its correlational nature.
Whitefish hybridization clearly increased in
the Swiss lakes as pollution and disturbance
increased, but factors in addition to those
highlighted by the authors may have contrib-
uted to the loss of diversity. One of these isa
by-product of demographic decline — as one
species becomes rare, finding mates becomes
more difficult, and so more frequent hybridi-
zation would be expected. Other potential con-
founding processes include the introduction of
whitefish from hatcheries, overfishing and the
impact of invasive species. However, despite
these other influences, a convincing effect of
eutrophication levels on biodiversity emerges
from the study’.

The work raises a number of additional
important questions. How much, and which
parts, of the genomes of extant whitefish spe-
cies are ‘original’ compared with hybrid in
origin? Which genes are responsible for the
critical differences between whitefish species,
and how has the prevalence of variants of these
genes altered in response to ecological changes?
In addition, what are the relative roles of the
two processes of increased hybridization and
reduced divergent selection (in which the exist-
ence of multiple ecological niches promotes
the divergence of distinct species) in driving
reverse speciation? Genome-wide analyses of
both historical and modern whitefish samples

will help to address these questions.

A more practical concern is what happens
next. Eutrophication has now been eliminated
or greatly reduced in most of the lakes studied,
so they more closely resemble their previous
state. Can we expect ‘re-speciation; in which
fishes with characteristics of extinct species
reappear'’? Current theory does not pro-
vide a clear answer, but suggests that distinct
species can re-emerge after a brief collapse''.
If Vonlanthen and colleagues are correct and
speciation reversal is an under-appreciated
threat to biodiversity, we need to understand
how to prevent and correct the ecological
changes responsible — and perhaps learn
how to recognize when it truly is too late. m
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Intraplate volcanism

The origin of volcanic activity occurring far from tectonic-plate boundaries has
been a subject of contention. The latest geodynamic model offers a fresh take on

the matter. SEE LETTER P.386

CIN-TY A. LEE & STEPHEN P. GRAND

hypothesis for the generation of volcanic

centres that might change our view of how
plate tectonics influences the distribution of
volcanic activity on Earth.

The theory of plate tectonics describes the
uppermost of Earth’s layers as made up of
rigid plates, the relative motions of which are
confined to narrow plate boundaries. The
boundaries come in three types: divergent,
where plates move away from one another
and create systems such as mid-ocean ridges;
convergent, where one plate slides beneath
another, forming subduction zones; and
transform margins, where plates slide past one
another, as in the San Andreas Fault system.

Plate tectonics successfully explains most of
Earth’s geological features. For example, vol-
canism at mid-ocean ridges can be explained
by decompression melting associated with pas-
sive upwelling of hot (asthenospheric) mantle
in response to plate divergence. Volcanism at
subduction zones can be described by a com-
bination of two effects: partial melting of the
mantle, driven by return flow in the mantle
wedge overlying the subduction zone, and
melting-point depression, caused by the influx
of water released from the descending plate of
the subduction zone.

Volcanoes that occur far from plate

In this issue, Liu and Stegman' present a
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boundaries — for example, intraplate mag-
matism — are more difficult to explain with
plate tectonics. Some intraplate volcanic sys-
tems, such as the Hawaiian volcanic chain in
the Pacific plate and the Yellowstone volcanic
field in North America, migrate along tracks
that seem independent of plate-boundary pro-
cesses. The effusive but short-lived outpour-
ings of basalts, known as flood basalts, some of
which are so large that they cover substantial
areas of continents or even entire plates, are
also not easily described by the interaction of
slowly moving plates.

One popular view is that intraplate
magmatism is driven by narrow mantle
upwellings (plumes) originating from a hot
thermal layer at the core-mantle boundary”.
Therefore, the expression of plumes at Earth’s
surface should be independent of plate
motions”. Flood basalts are thought to record
the initial impingement of the anomalously
hot plume head, whereas the volcanic track,
known as the hot-spot track, records the
passage of the plate over the plumé’s tail’. For
example, the eruption of the Steens—Columbia
River flood basalt about 17 million years ago is
thought to represent the initiation of the cur-
rently active Yellowstone hot-spot track, and
so is conjectured to fit into the plume theory™”.

However, the eruption area of the
Steens-Columbia River flood basalt is ori-
ented north-south, perpendicular to the



Yellowstone track. In addition, the geochem-
istry of the flood basalt differs from that of
the Yellowstone volcanics®’, complicating the
plume hypothesis. Alternatively, the Steens—
Columbia River flood basalt could be associ-
ated with extension of the upper plate behind
the Cascades volcanic arc® (back-arc spread-
ing). But this phenomenon does not seem to
explain the sudden appearance of the Steens-
Columbia River flood basalt.

In their study, Liu and Stegman' (page 386)
propose that the Steens—-Columbia River flood
basalt is a natural consequence of slowing con-
vergence between the North American plate
and the ancient Farallon plate. This slow-down
was presumably associated with the approach
of a mid-ocean ridge between the Farallon
and Pacific plates 20 million years ago, now
manifested as the active Juan de Fuca ridge.
The authors performed geodynamic calcula-
tions with initial and boundary conditions
constrained by observed relative plate motions
and plate age. They show that stretching and
eventual tearing of the Farallon plate accompa-
nied the slow-down of convergence, resulting
in detachment of the Farallon plate.

Liu and Stegman find that the model that
best reproduces the presumed current loca-
tion of the Farallon plate, as constrained from
seismic tomography, predicts tearing to have
begun about 16 million to 17 million years ago,
when the Steens—Columbia River flood basalt
initiated. Dynamic pressures generated from
this tear resulted in rapid mantle upwelling
through this gap in the slab, driving a
magmatic flare-up that mimics the structural
trend of the Steens—Columbia River flood
basalt (Fig. 1).

If Liu and Stegman’s model is correct, the
implication is that some intraplate magmatism
can be explained by the development of gravi-
tational instabilities within subducting slabs.
In their model, thermal upwelling is still
responsible for flood basalts, but unlike
traditional plumes, which derive from the
lowermost mantle, an upper-mantle origin is
implied. There are, however, some features that
remain unresolved. For example, the model
does not provide a good explanation for the
eastward migration of the Yellowstone hot-spot
track, the high ratio of helium-3 to helium-4
in Yellowstone volcanics’ or the presence of a
seismic-velocity anomaly extending into the
lower mantle beneath Yellowstone’. And it may
not explain the isotopic signatures seen in the
Steens—Columbia River flood basalt.

If accurate, Liu and Stegman’s model should
apply to other locations where slab tears have
occurred. Such a tear clearly happened in
central California about 20 million years ago,
because the last remnants of the Farallon plate
were captured on the coast of California, but
the rest of the Farallon is no longer present
beneath the state". There is evidence of a flare-
up in basaltic magmatism east of central Cali-
fornia, for example on the border of California
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Figure 1 | Columbia River Gorge, Oregon. Large, effusive outpourings of basalts, such as the
Steens—Columbia River flood basalt in Oregon and Washington exposed here on the margins of the river,
are usually attributed to the impingement of thermal plumes arising from the core-mantle boundary. Liu
and Stegman show' that the timing and distribution of eruption may instead be related to tears developed
within subducting slabs.

and Nevada, during this time. But the magni-
tude does not seem comparable to that of the
Steens—Columbia River flood basalt, suggest-
ing that different boundary conditions might
need to be considered in the authors’ model.

In any case, Liu and Stegman’s study is
pertinent because it draws more attention
to subducting slabs in generating intraplate
magmas. The following examples might be
considered. Where a young oceanic plate is
subducting, a slab tear, accompanied by large-
volume magmatic flare-ups, should develop
because young plates are difficult to subduct.
This hypothesis may apply to the eastern
Pacific. By contrast, when an old oceanic plate
is subducting, along segment of the slab might
be expected to stagnate temporarily in the
transition zone between the upper and lower
mantle''. The juxtaposition of cold slab mate-
rial against hot mantle at depth would generate
small-scale thermal upwellings along the edges
of the slab™. These upwellings could generate
widespread basaltic magmatism far from the
subduction trench, as seen in northeastern
China. If the edges of the slab are migrating
relative to the upper plate, hot-spot tracks
could be generated".

We note that all of these upwellings are
sourced in the upper mantle and likely to be
superimposed on magmatism associated with
back-arc spreading; thus a complicated pattern
of magmatism is expected. Should a subduct-
ing slab penetrate deep into the lower mantle,
upwellings might be expected even further
from plate boundaries.

In conclusion, there is reason to speculate
that intraplate magmas might be intimately
linked to subducting slabs'>"*. In other words,
it is conceivable that plate tectonics gener-
ates many intraplate magmas. Differences
in the magnitude and locations of intraplate

magmas may simply be controlled by the scale
of subducting slabs. The debate over whether
deep-seated thermal plumes exist'’ remains
unresolved because these narrow upwellings
are difficult to detect. An alternative approach
is to map out the geometry and length scale of
subducting slabs, which may be easier to detect
by various geophysical methods. Liu and
Stegman’s model shows how downwellings,
such as subduction, must be considered when
understanding the origin of upwellings and
their associated magmatic activities. m
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