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This indicates that the source is so shallow
that surface reflections arrive within 1.7 s of
the onset, which should arouse suspicion.

The analysis shows that explosions with
yields well below 1 kilotonne can be recog-
nized as suspicious. In contrast, the Non-
Proliferation Experiment6, in which 1
kilotonne of conventional explosive fired at
the Nevada Test Site in the United States on
22 September 1993, was less well recorded
at long range. Its mb was 4.1, compared with
the 4.6 predicted for an explosion at Dege-
len Mountain with the same yield.

These results possibly overstate the abili-
ty of seismologists to identify small explo-
sions. Knowing when and where the
explosion took place means that the signals
can be interpreted with more confidence
than would be possible when analysing
signs of a possible disturbance for which the
only information is the seismograms. But

when the IMS and the International Data
Centre are fully operational, such distur-
bances will be recorded by more stations,
with wider azimuthal coverage, increasing
the confidence of the interpretation.

Anyone attempting a clandestine test
could be sure of getting away with it only by
using yields well below that used here or by
attempting to muffle, or decouple, the test
by firing the explosion in a large cavity. A
decoupled test using conventional explo-
sives is planned for the site next year. We
await the results with interest.
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FFiigguurree  22 Short-period P-wave seismograms from
K980822. Recording stations: a, b, HFS, D436.8°,
A4311.3°; c, d, ILAR, D460.7°, A420.2°; and e, f,

ASAR, D488.4°, A4130.4°. D is the epicentral dis-
tance and j is the source to station azimuth. a, c, e,

Seismograms have been processed using an opti-
mum filter3 to attenuate low-frequency noise. An
additional lowpass filter cutting off at 3 Hz has been
applied to the ASAR seismogram. b, d, f, Product of
the semi-sums. Amplitude ranges were used to test
for compatible double-couple sources. HFS P,
1.5–3.0; pP, 0.0–2.0; sP, 0.0–2.0. ILAR, P, 3.0–4.0; pP,
0.0–1.0; sP, 0.0–1.0. ASAR, P, 1.0–2.5; pP, 0.0–1.5; sP,
0.0–1.5. All amplitudes are in arbitrary units. Polari-
ties are assumed to be unknown except for P at
ILAR, which is taken to be positive.

late the rods in isolation while silencing all
three cone classes. We overcame this diffi-
culty by using observers with red–green
colour-blindness (dichromats, about 2% of
the male population). Our observers were
deuteranopes, who lack functional green
cones5. For such observers, who have nor-
mal motion perception for luminance-
defined stimuli6, it is possible selectively to
excite rods while silencing activity in red
and blue cones, and to excite red cones
while silencing the rods and blue cones.

We used standard psychophysical meth-
ods to determine the physical speed at
which stimuli selectively activating rod and
cone photoreceptors appear to move equal-
ly fast. Rod-detected motion stimuli appear
to move at about 75% of the speed of a ref-
erence motion stimulus detected only by
red cones, and red-cone-detected motion
stimuli appear to move at about 130% of
the speed of a rod-detected reference
motion stimulus (Fig. 1). This is also the
case at several dimmer light levels, for
which the relative visibilities of the rod and
cone stimuli vary considerably. There is a
subtle but significant dependence on con-
trast7,8, with stimuli of higher contrast
appearing to move faster, regardless of
whether they are detected by rods or cones.

What causes the poorer performance of
the night-vision rod system? A cortical
explanation, in which rod- and cone-
detected motion are analysed by different
systems, is unlikely because the overall
dependence on contrast was identical for
rods and cones8. More compelling is a reti-
nal explanation, in which the slowing may
be caused by the spatial and temporal aver-
aging in the distal rod visual system1,9. Such
low-pass filtering of the visual input signal
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FFiigguurree  11 Relative movement of rod and cone stimuli.
Perceived speed is shown as a function of percent-
age rod or red-cone contrast. Reference and com-
parison stimuli activated either the same (filled
symbols) or a different (open symbols) class of pho-
toreceptor (rods or red cones). Space-time-averaged
luminance was 0.92 log cd m12, a level at which
both rods and cones are active. On each trial,
observers judged which of two moving sine-wave
gratings (1 c deg11) moved faster. Gratings were pre-
sented simultaneously for 1 s and moved in oppo-
site directions. For more details, see ref. 8.

Seeing movement 
in the dark

Our visual world is greatly reduced at night.
Spatial and temporal resolution are poor,
contrast sensitivity is diminished, and
colour vision is totally absent1, as rod pho-
toreceptors are used rather than the cone
photoreceptors that operate during the day.
Many aspects of rod vision, including spec-
tral, contrast and flicker sensitivity, have
been studied in detail1, but motion percep-
tion has been largely ignored2. We find that
motion perception using rods is impaired,
with moving objects appearing to be slower
than they are during cone vision.

Rod monochromats, who lack cone
vision and are totally colour-blind3,4, often
report problems when dealing with moving
objects. To find out whether such problems
are encountered by normal observers when
restricted to rod vision, we compared the
speed of moving objects as seen through
rods and through cones.

We used a standard cathode-ray-tube
monitor and conditions chosen to isolate
either rods or cones. These monitors have
only three independent parameters, one each
for the red, green and blue phosphors,
whereas the human visual system has four:
one for the rods and one each for the red,
green and blue cones. A direct comparison is
therefore impossible in observers with nor-
mal colour vision because we cannot stimu-
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release), and randomly selected explants
(balls of tissue) 1–2 mm across (n480 per
group). We found that 52.5% of the explants
obtained in early embryogenesis remained
embryogenically active and released a total
of 102 free-swimming larvae (between 0 and
7 per explant) over a 28-day period. The first
two larvae were released on days 4 and 8,
before the explants reorganized as sponges.
The remaining embryos were incubated for
14–28 days in a translucent, atrium-like
chamber formed once explants had reorga-
nized into sponges (Fig. 1a). Nearly mature
larvae moved around inside the chamber for
several days before being released through
an oscular tube (Fig. 1a,b). The atrium then
lost its structure and the oscules regressed to
being perforations.

When mother sponges in late embryoge-
ny were shredded to obtain explants, most
mature embryos escaped as free-swimming
larvae. Only 6.25% of explants contained
developing embryos, and just seven larvae
were released over a 28-day period, escaping
from unattached explants in all cases by
crawling through the disorganized mass of
cells in the explant (Fig. 1c–j).

Explant attachment took between 3 and
24 days in calm water, with just 2.5%
remaining unattached after 28 days, and
these were apparently still viable. There
were no significant differences in time to
attachment between explants that carried
embryos and those that did not. It is diffi-
cult to estimate possible dispersal distances
before attachment, but large sponge frag-
ments can disperse rapidly over several kilo-
metres during heavy storms3.

Our results show that even small frag-
ments often carry the essential functional
elements for reorganizing and nourishing
embryos. Our findings also indicate that
fragmentation may interact with sexual
reproduction. This means that the dispersal
capacity of sexually produced propagules is
maximized by the additional dispersal of
the asexual propagule. The dispersal of
embryo-bearing fragments also maximizes
the chance that several distinct genotypes
will reach a new area, increasing the chance
of establishing new populations.
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populations sparsely scattered over the
western Mediterranean6. In this species,
embryos are incubated and lecithotrophic
parenchymella larvae are released from
mid-July to late August. Because the plank-
tonic phase lasts only 2.5 days, most larvae
are believed to recruit locally. However, the
dispersal potential of these larvae is signifi-
cantly increased by the fragmentation of
brooding adults as a result of wave action
and foraging by fish and echinoderms.

Tissue shredded artificially reorganizes
into dense balls, in which internal epithelia
and choanocyte chambers dissociate and
most specialized cells regress to an amoe-
boid, archaeocyte-like morphology. If
detached fragments lie immobile on the sub-
stratum for a few days, they reattach and
reorganize as functional sponges. When frag-
mentation occurs in reproductive sponges,
fragments as small as 1 to 2 mm across may
contain several developing embryos. Because
development requires nourishment from
specialized nurse cells through a placenta-
like membrane7, we expected that the
embryos would be reabsorbed and their
energy reallocated to reorganize the colony.
Instead, embryos were nourished by cells in
the tissue fragment, where they completed
development to free-swimming larva.

We used forceps to disintegrate sponges
in early and late embryogenesis (one month
before and 10 days after the onset of larval

Sexual propagation by
sponge fragments

Habitat fragmentation means that many
species occur in discrete populations1, so it
is important for sessile species to colonize
new areas. It has not been clear how
sponges whose larvae disperse over short
distances achieve this. Fragments may break
off sponges as a result of physical and bio-
logical disturbance and are then dispersed
by currents and recruited as independent
individuals or colonies2,3. Local populations
are expected to have high genetic related-
ness as a result, but most sponge popula-
tions have high levels of genetic
variability4,5. We suggest that this discrepan-
cy results from an interaction between frag-
mentation and sexual reproduction.

We studied reproduction in Scopalina
lophyropoda, a sublittoral demosponge with

FFiigguurree  11  Time-lapse observations of embryogenesis
and larval release. a, b, A small sponge reorganized
from an explant. Six embryos (e) are incubated in a
chamber connected to the exterior through an
oscular tube (o). Note the differences in size and
repositioning of embryos in the 90 min between pic-
tures. c–j, Time-lapse observations over 93 min of
two embryos escaping as free-swimming larvae
from an unattached explant (ex), which is in contact
with another non-histocompatible fragment. Scale
bars, 1 mm.
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will affect the output of motion detectors
driven by rod signals. As a result, the rela-
tive signal at slow velocities will be higher
than at fast velocities for rod vision, so the
stimuli will appear slower.

The use of artificial lighting can help to
avoid the disadvantages of rod-mediated
vision. Indeed, most tasks can now be per-
formed as well by night as they can by day.
But driving at night may be an important
exception. The region illuminated by the
car headlights is processed mainly by the
cones, whereas on a poorly lit road the
remaining visual field is in the dark and is
processed mainly by rods. The region in the
dark includes the sides of the visual fields,
where translatory motion signals are
largest. This might lead to an underestima-
tion of the speed of movement, which in
turn might elicit a compensatory — and
possibly fatal — increase in speed10.
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