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tivity in predation is confirmed by squidÕs
preference for transparent, yet polarization-
active, targets that mimic their prey.

In aquatic environments, many organ-
isms are transparent or translucent, render-
ing them difficult to detect1. However, some
of these planktonic organisms contain
polarization-active  tissues2.

Using the new retardance-measuring
polarized-light microscope (Pol-Scope)3

and standard linear polarization
microscopy, we inspected the tissues of 20
zooplanktonic species to determine the
polarization-active structures in their bod-
ies. Muscle fibres and rhabdomeric pho-
toreceptors showed strong retardance up to
one-quarter of the wavelength. Edge bi-
refringence could be detected in only a few
organisms, and was most noticeable in
chaetognaths and in the antennae of crus-
taceans.

Natural illumination is often partially lin-
early polarized4, so transparent but polariza-
tion-active organisms may be rendered
conspicuous when viewed by a polarization-
sensitive visual system5. We tested the role of
polarization vision in prey selection and
detection in adults and hatchlings of the
squid Loligo pealei, which is known to be
polarization-sensitive6. 

We examined the choices of adult squid
when presented with small transparent
glass beads that mimicked prey items and
which were either polarization-active (PA)
or had no effect on the polarization charac-
teristics of light passing through them (reg-
ular beads, Reg). Six of these beads (three
Reg, three PA) were suspended in mid-
water at one end of a rectangular tank mea-
suring 3702 120 cm and containing water
to a depth of 40 cm. Of 50 animals tested,

10 did not respond to the beads and were
excluded from analysis.

Of the remaining 40, half were tested
with the PA beads in positions as shown in
Fig. 1a, c, e and half with the PA beads as in
Fig. 1b, d, f. Beads were illuminated from
behind through a glass window. The light
was filtered through a wax-paper depolariz-
er and a Polaroid HN38S linear polarizing
filter, creating a partially polarized light
field comparable to the marine environ-
ment4. Additional dim illumination was
provided by overhead fluorescent lights.
Results (number of bead choices) were
analysed using the x2 goodness-of-fit test
with equal expected frequencies.

Adult squid preferred PA beads over Reg
beads (Fig. 1g). This preference was evident
from: total squid choice in a 15-min period
(Fig. 1; PA = 50, Reg = 16; χ2 = 17.52,
P < 0.0001); first approach of each squid
(PA = 33, Reg = 7; χ2 = 16.90, P < 0.0001);
and the squidsÕ overall preferences (PA = 30,
Reg= 4, equal number of Reg and PA choic-
es= 6; χ2 = 19.88, P < 0.0001). 

We also examined predation on live zoo-
plankton by squid hatchlings. We intro-
duced hatchlings (n = 250) into an
experimental tank illuminated through a
side window with either linearly polarized
or depolarized light. We recorded the
hatchlingsÕ feeding behaviour with a video
camera for 60 minutes. The first 100 attacks
in each trial (polarized or depolarized illu-
mination) were measured when the preda-
tor:prey density was 1:50. We also measured
25 attacks in each illumination setting with
a predator:prey ratio of 1:140.

Squid hatchlings attacked planktonic
prey under polarized illumination at a 70%
greater distance than under depolarized illu-

mination (6.09± 2.92, as against 3.58± 1.26
squid body lengths, average± s.d.,
P < 0.001, KolmogorovÐSmirnov 2-sample
test). Prey densities did not affect the attack
distances (P > 0.1, KolmogorovÐSmirnov 2-
sample test). Attacks had similar success
rates under polarized and depolarized illu-
mination (86 and 74%, χ2 = 7.78, P > 0.05,
χ2 with equal expected frequencies), indicat-
ing that a greater attack distance does not
impair prey capture.

Loligo pealei, like other squid, is a pelagic
visual predator. Both young and adults feed
on transparent zooplankton7,8. Adults are
predominantly crepuscular predators, feed-
ing at times when the partial polarization of
the underwater light field is at its
maximum7. We predict that polarization-
based predation may be common among
other polarization-sensitive planktivores
such as fish and crustaceans.
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Ultradry seed stor age
cuts cost of gene bank

Today we are faced with an urgent chal-
lenge to organize the efficient conservation
of biodiversity. In the case of plants, one
way of doing this is to store their seeds in a
gene bank. The effective preservation of
seeds depends on their moisture content
and on the storage temperature, which can
present a problem in developing countries
where the costs of cold storage are prohibi-
tive. Here we describe a way of storing
seeds under ultradry conditions at ambi-
ent temperatures which not only improves
their longevity and vigour but also
promises to be a cost-effective technique
for germplasm conservation.
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FFiigguurree  11 Adult sq uid choices of g lass beads that

mimick ed pr ey. aÐf, Glass beads (1 cm diameter ,

equal transpar ency in the 400Ð650 nm r ange)

appear identical to a human observ er (a,d ). Using a

submer sible imaging polarimeter 9, the light intensity

(a,d ), e-vector orientation ( b,e ) and per centag e of

linear polarization ( c,f ) were measur ed at each pix el

in an imag e. Some beads ( dÐf) were heat-str essed

during manufactur e and hence w ere polarization-

active (PA), wher eas other s (aÐc) were not str essed

and did not affect the lightÕ s polarization (R eg). g, Fif-

teen sq uid examined mor e than one bead in the 1 5-

minute period, r esulting in 66 bead choices. Scoring

was b y one of two v olunteer s, neither of whom

knew the identities (R eg or PA) of the g lass beads.

Bead position ( aÐf, across the tank, 20 cm fr om

each side, and 1 6 cm betw een them; a, left-most

position as a sq uid appr oached the beads) was a

significant factor in the animals Õ choices (χ2 = 11.1,

P< 0.05), but ther e was a significant pr eference for

the PA beads independent of the beadÕ s location

(χ2 = 11.22, P< 0.05).
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