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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 speed'’.
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Sexual propagation by
sponge fragments

Habitat fragmentation means that many
species occur in discrete populations', 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 colonies™’. Local populations
are expected to have high genetic related-
ness as a result, but most sponge popula-
tions have high levels of genetic
variability"’. 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
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Figure 1 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 (0). Note the differences in size and
repositioning of embryos in the 90 min between pic-
tures. e—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.

populations sparsely scattered over the
western Mediterranean®. 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 membrane’, 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

#2 © 1999 Macmillan Magazines Ltd

release), and randomly selected explants
(balls of tissue) 1-2 mm across (n=_80 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 storms’.

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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