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LUMINESCENCE IN POLYNOIDS

IV. MEASUREMENTS OF LIGHT INTENSITY

By J. A. C. NICOL

The Plymouth Laboratory

(Text-figs. 1-3)
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INTRODUCTION

Many polynoid worms (family Aphroditidae) are luminescent. In recent
papers, physiological and histological aspects of polynoid luminescence have
been considered in some detail (Bonhomme, 1942; Nicol, 1953, 1954, 1957a,b).
The light appears in the scales or elytra which cover the dorsal surface of the
worm. The photocytes form a single epithelial layer on the lower surface of the
elytrum. They are concentrated near the centre of the scale and, when the
latter is pigmented, there is a clear area above the photogenic tissue through
which the light escapes.

Luminescence in polynoids is under nervous control and is evoked by
external stimulation. The elytra usually flash repetitively to a single stimulus,
and the responses can be analysed by recording from single elytra. Flash
duration ranges from 100 to 200 msec. There is much variation in flash
intensity: initially, consecutive flashes become progressively brighter, owing
to facilitation, but fatigue soon sets in and the flashes become fainter and
finally die away.

The light of polynoids is emerald-green in colour. Spectral emission extends
from about 450 to 680 mfL, with a maximum at about 515 mfL (Nicol, 1957c).

The spectral emission curve is shown in Fig. I. This information has been
utilized to calculate the intensity of polynoid light, in the manner now to be
described.

MATERIAL AND METHODS

The light of two species was measured, viz. Lagisca extenuata and Acholoe'
astericola. Elytra were removed from the animals under MgCI2-narcosis, and
were subsequently washed in sea water. A single elytrum was mounted in a
Perspex chamber over a pair of silver electrodes (see Nicol, 1953). Flashing
was induced by stimulating with electric shocks: these were square wave
pulses, about 2 msec in duration, and up to 10 V in intensity.

The light was detected by a photomultiplier (E.M.I. type no. 6685), the
spectral sensitivity of which had been determined by the National Physical
Laboratory. The photocathode of the photomultiplier is 9 mm in diameter.
Sensitivity is maximalin the violet, and falls off steadily atloilg wavelengths,
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above 500 mIL (Fig. 2, curve A). The elytrum was positioned 2 em beneath
the photomultiplier, so that its upper surface lay beneath the centre of the
photocathode, and was parallel to the face of the latter. The light-emitting
region of the elytrum is less than I mm2 in area, and can be regarded as a
point-source.
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Fig.!. Relative spectral emission curve of polynoid light (from Nicol, I957c).
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Fig. 2. Curve A: relative spectral sensitivity of photomultiplier type E.M.1. no. 6685.
Curve B: combined transmission of two neutral glass filters (Chance ON 28 +ON 3I).
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and

The photomultiplier was connected to a cathode-ray oscilloscope, and
photographic records of the responses were made on moving paper.

Measurements were made at ambient temperatures of 18-19° C.

CALIBRATION OF THE PHOTOMULTIPLIER

The sensitivity of the apparatus, that is of photomultiplier 6685 plus amplifier
and C.R.O., was determined against a known light source. This was a sub­
standard (tungsten) lamp, of colour temperature 2360° K, and energy output
of 24.15 candelas. The lamp was calibrated by the National Physical Labora­
tory. It was placed on an optical bench 2 m from the face of the photomulti­
plier. Intensity was reduced by two neutral glass filters (Chance ON28+
ON31), the transmission characteristics of which were measured in a
spectrophotometer (Unicam SP500) (see curve B, Fig. 2).

The flux of light from the substandard lamp at 2 m, falling on the surface
of the photomultiplier perpendicular to the direction of the light beam, is

J 700 J 700
pKJAVA dA=pK JAVA dA=Ij4 X I04lumensjcm2•

400 400

I is the intensity of the substandard lamp in candelas, p is a quantity for the
particular experimental set-up, and K is the luminous efficiency of radiation,
which is 682 lumensjW at 555 mfL (Walsh, 1953):

p=~ x 70~· Wjcm2jmfL·

4 x 10 682J JAVA dA400

Let the light from the substandard lamp at 2 m, passing through the
neutral filters, give a deflexion on the oscilloscope=DL• Let TA be the
combined transmission of the neutral filters, SA be the spectral sensitivity of
the photomultiplier, and q be a constant such that qj SA = W j cm2 of a given
wavelength (A) required to produce unit deflexion. Then

J700PJASATAdA. PJ700
DL= ------ JASATAdA

400 q q 400

P J700q=-D JASATA dA.Wjcm2•L 400

Values for VA were taken from the C.LE. table for photopic vision (Inter­
national Relative Luminous Efficiency of Radiation for Photopic Vision,
table VI in Keitz, 1955). Values for JA were obtained from Skogland, 1929,
for a lamp of colour temperature 2360° (J= I at A= 590 mfL).

To determine p and q, the following values were used. Intensity, I,of the
substandard lamp is 24.15 candelas. With set amplification on the C.R.O.
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(30 Vfmm), and known voltage on the photomultiplier (1400 V), the deflexion
produced by the light is 22"02 mm.

From this quantity, an estimate was made of the deflexion which would be
produced at higher amplification, viz. 10 Vfmm on the C.R.O., and photo­
multiplier voltage of 1600 V. This estimated deflexion was 227'36 mm.

f700
]),yA = 83'S2,

400

24'IS I
and p = --4 X68 8 = I 'OS99X10-8W fcm2fmp..4X10 2X 3'S2

f700
]ASATA cL\= 10S'1 x 10-4

400

l'oS99 X 10-8
and q= ------x 10S'1 x10-4=0'49 x10-12 Wfcm2•

227'36

In order to make periodical checks on the sensitivity of the apparatus, an
alternative light source was employed. This consisted of a stilbene phosphor
irradiated by 6OCO(called, for brevity, Co source). The phosphor emitted a
very faint blue light. Random emission by the phosphor gave a very broad
beam-trace, which was smoothed out by putting a 0'1 p.F condenser across the
input of the oscilloscope. The Co source was set 2 cm from the face of the
photomultiplier, and the oscilloscope deflexion was photographed.

MEASUREMENTS OF THE INTENSITY OF
POLYNOID LIGHT

Records were obtained of the flashes of eight elytra of Lagisca, and of six elytra
of Ach%e. Some examples are shown in Fig. 3. Various amplifications were
used, and the measured deflexions were calculated on the basis of instrument­
sensitivity occurring at a C.R.O. setting of 10 Vfmm and 1600 V on the
phototube. These calculated deflexions, Ds, for elytra at 2 cm distance, are
shown in columns 2 of Tables I and 2. Column 3 shows calculated deflexions
at a distance of I m, according to the inverse square law.
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Fig. 3. Oscillograph records of the flashing of polynoid e1ytra. A, Acholoe, B, Lagisca.
Time signal, above, I/sec. Electrical stimuli on lower line.














