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Squids (L&go pealei and Euprymna scobpes) Can Exhibit 
Polarized Light Patterns Produced by Their Skin 

Nadav Shashar and Roger T. Hanlon (Marine Biological Laboratory, Woods Hole, Massachusetts 02543) 

Cephalopods can see polarized light (l-3) and may use this 
sensory capacity for object detection and recognition (1, 4). 
Only recently was it discovered that the light reflected from the 
skin of cuttlefish, Sepia ofJicinalis (5), and possibly octopus (6) 
is partially linearly polarized (termed here- “polarized reflec- 
tion”), generating specific optical patterns (termed here- “po- 
larized patterns”). In cuttlefish, the polarized patterns have been 
suggested to be produced by dermal reflecting cells such as 
those found in the “Pink iridophore arm stripes” (7). Cuttlefish 
are diurnal animals that interact within small groups, and the 
polarized patterns may be playing a part in intraspecific commu- 
nication (5). Therefore, we were interested in examining the 
polarized patterns of other cephalopod species, namely Eu- 
prymna scolopes and Loligo pealei, that possess similar skin 
structures, but have a different social structure and time of 
activity. 

The Hawaiian sepiolid Euprymna scolopes is a predominantly 
nocturnal, solitary predator (7, 8). Mating occurs at night, and 
apart from this brief event, the animals do not seem to engage 
in complex social interactions. The long-finned squid Loligo 
pealei is active day and night. It exhibits a complex range of 
social interactions, accompanied by various body pattern dis- 
plays (7). 

Sexually mature animals were examined with an imaging 
polarimeter capable of measuring the intensity, partial polariza- 
tion (also termed “percent polarization”), and direction of lin- 
ear polarization (also termed “plane of polarization,” “orienta- 
tion of polarization” and “e-vector orientation”) at each pixel 
in an image (9, 10). In summary, the polarimeter consists of 
two twisted nematic liquid crystals (TNLCs; provided by the 
Liquid Crystals Institute, Kent State Univ., Ohio) placed in 
series with a linear polarizing filter (Polaroid, HN38S, serving 
as an analyzer) fixed at the horizontal (0”) orientation. When 
TNLCs are relaxed, they rotate the direction of polarization of 
light by a predetermined angle. When electric current is applied, 
the molecules within the crystals reorient and no longer rotate 
the light’s direction of polarization. By using one TNLC set to 
produce a 90” rotation, and a second for a 45” rotation, the 
direction of polarization of the incoming light is rotated by O”, 
45”, and 90”. The overall effect is similar to rotating the analyzer 
to these positions. Additional technical details can be found in 
references 9- 12. Each transmitted image is recorded with a Hi- 

8 video recorder. Images (single fields) taken from the green 
video channel are digitized by a frame grabber and sent to a 
computer where they are analyzed pixel-by-pixel. From consec- 
utive images collected at three settings of the TNLCs, we calcu- 
late the partial polarization and direction of polarization. The 
sensor is checked and calibrated by examining a radial polariza- 
tion filter (Oriel # 25328) in air and submerged in the experi- 
mental tank. Animals were examined through a glass window, 
verified not to create polarization aberrations from various 
angles and under different illumination conditions. In all cases, 
the sensor was set so that the TNLCs were parallel to the glass 
window. 

Both E. scolopes and L. pealei exhibited polarized reflection 
during all measurements (Fig. 1). Polarized reflection with a 
partial linear polarization of up to 0.8 (SO%, Fig. 1B) was mea- 
sured from all body parts of E. scolopes, but no specific pattern 
could be identified (Figs. lB, C). This polarized reflection did 
not change with the animal’s behavior. L. pealei presented po- 
larized reflection at the location of the iridescent stripes in the 
center of its arms (Figs. lE, F). Partial polarization here reached 
0.75 (Fig. 1E). The direction of polarization was predominately 
horizontal (0”; Fig. 1F); however, in several cases, the direction 
of this polarized reflection changed by up to 30” within 1 s, 
without the animal exhibiting any movement or change in color- 
ation, nor any detectable changes in the light regime in the tank. 
Unlike cuttlefish (5), the polarized reflection of L. pealei varied 
between the arms. In general, when a squid was sitting calmly 
on the bottom, polarization was strongest from the first pair of 
arms. While the squid was in the head-down posture, all arms 
showed a polarized pattern, with maximal polarized reflection 
recorded from the third pair. We do not know whether these 
changes arise from structural changes in the skin structures 
controlling the polarized reflection, or from specific directional- 
ity in the polarized reflection. Other areas on the squid that 
reflected partially linearly polarized light were the “Dorsal iri- 
dophore splotches” on the mantle, but this reflection had partial 
polarization of less then 0.5. 

Like other cephalopods, polarized reflections are part of the 
body patterning repertoire of L. pealei and E. scolopes. Like 
cuttlefish, the polarized reflections of the social long-finned 
squid L. pealei consist of distinctive patterns that can change 
rapidly. The solitary E. scolopes exhibits polarized reflection 
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Figure 1. Intensity (A,D), partial polarization (B, E) and direction of polarization (C, F) images of Euprynna scolopes (A-C) and Loligo 
pealei (D-F). Partial polarization, defined as the ratio of the intensity of the linearly polarized component to the total intensity of the light beam, 
ranges from 0 to I (O-100%) and is coded into a grey scale where black represents depolarized light and white codes for fill linear polarization. 

Direction of polarization, ranging from 0” to 180” in the counter-clockwise orientation, is coded such that black or white represent 06/1&T (horizontal 
polarization) and 50% grey codes for the 90” direction, which is vertical polarization. 

that appears unrelated to the animal’s behavior. The functions of 
these polarized reflections as well as the roles of these species’ 
polarization sensitivity (2) are yet to be determined. 
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